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How to brake the heart. The modern 
method of choice for conversion of atrial fibrillation 
to normal sinus rhythm is direct current countershock. 
Maintaining normal sinus rhythm —and maintaining 
the patient—is another matter. A “pharmacologic 
i pacemaker” that has a fundamental antiarrhythmic 
" action is Quinaglute® (quinidine gluconate). A specific 
for maintaining normal sinus rhythm, Quinaglute 
has certain distinct advantages for long-term control: 


the unique Dura-Tab® construction permits 
gradual release of quinidine gluconate to maintain 
herapeutic quinidine plasma levels for 8 to 12 hours. 


the convenient 8 or 12 hour dosage schedule 
helps avoid middle of the night dosage and early 
morning reversion. 


5 Quinaglute Dura-Tabs are well tolerated with 
few gastrointestinal disturbances 


Xguinidine gluconate) 5 gr. (0.33 Gm.) 
*a pharmacologic pacemaker" 
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it’s another to maintain the patient. 


UINAGLUTE Dura: Tabs: 





Indications: For the prevention of premature atrial, nodal or ventricular contractions. 
For maintenance of normal sinus rhythm following conversion by other techniques of 
atrial, nodal or ventricular tachycardia, atrial flutter and fibrillation (paroxysmal or 
chronic). 

Contraindications: Same as for other forms of quinidine, including partial A-V or com- 
plete heart block; intraventricular conduction defects, especially marked QRS widen- 
ing; sensitivity to quinidine; renal disease with significant azotemia; development of 
cardiotoxic effects (conduction defects or ventricular premature beats, ventricular 
tachycardia, or flutter) while taking the drug; marked cardiac enlargement with con- 
gestive failure; poor renal function especially with tubular acidosis. 

Precautions: Same as for quinidine. To detect idiosyncrasy, e.g., febrile reactions, 
skin eruptions, thrombocytopenic purpura, and respiratory embarrassment, administer 
preliminary test dose of single tablet of quinidine sulfate. Use extreme caution in pa- 
tients with severe heart disease, congestive heart failure, digitalis intoxication, renal 
insufficiency. Administer cautiously, if at all, to senile patients. Hospitalization (for 
close observation, ECG monitoring and possibly plasma quinidine levels) indicated 
when administering large doses with patients presenting. increased risk. With the 
dosage regimen (see ''Dosage'') of 2 tablets every 8 hours, higher blood. levels than 
necessary for maintenance of normal sinus rhythm could be reached, whereas with 
1 tablet every 12 hours, the blood levels may be too low to maintain normal sinus 
rhythms. Should not be used during pregnancy. 

Adverse reactions: Instruct patients to report any symptoms of cinchonism at once 
(including tinnitus, decreased auditory acuity, vertigo, blurred vision, color perception 
disturbances, photophobia, diplopia, night blindness, scotomata, reduced visual 
fields, mydriasis, and respiratory distress); the drug should be discontinued immedi- 
ately if such symptoms or evidence of hypotension occur. If gastrointestinal disturb- 
ances (rarely reported) occur, they may be minimized by administering the drug with 
food, or if they persist, dosage should be decreased. 

Dosage: The dosage varies considerably depending upon the general condition and 
cardiovascular state of the patient. The quantity and frequency of administration must 
be determined for each patient. For the prevention of premature atrial, nodal or ven- 
tricular contractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours 
For maintenance of normal sinus rhythm following conversion by other techniques of 
atrial fibrillation, tachycardia or flutter, 2 tablets every 12 hours or 112-2 tablets 
every B hours are usually required. The occasional patient may be maintained in nor- 
mal rhythm on a dosage of 1 tablet every 12 or 8 hours. Occasionally larger or more 
frequent dosage may be required, but such increases should be used only after 
thorough evaluation of the patient, including serial electrocardiograms and determina- 
tion of plasma quinidine levels. The ideal dosage is the minimum amount of total 
dose and frequency of daily administration that will prevent premature contractions, 
paroxysmal tachycardias, and maintain normal sinus rhythm. 

Supplied: Bottles of 100 and 250 tablets. 


(operc Cooper Laboratories, Inc., Wayne, N.J. 07470, U.S.A. 
Ste. Therese, P.Q., Canada 
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The Somatic Protest 


In the well-known diagnostic 
procedure utilizing the “Master 2-step,” 
excessive effort can provoke symp- 
toms of angina pectoris. But emotional 
factors may also have comńparable 
effects. Excessive anxiety or emotional 
tension in the patient with angina pec- 
toris may initiate a succession of 
neurohormonal reactions which can 
adversely affect the patient’s condi- 
tion, even precipitate further anginal 
attacks. 

Extensive clinical experience has 
shown the action of Librium (chlordiaz- 
epoxide HCI) to be especially suitable 
for relief of harmful anxiety and emo- 
tional tension because of its excellent 
record of prompt effectiveness with 
safety. In addition, Librium is often pre- 
ferred to the usual traditional sedatives 

„z~ because of what 
PZA appears to be its 
ALZ ONR particular effective- 
1/ ness asan 
^. antianxiety 
Ae agent. 











The need to discontinue Librium 
therapy because of undesirable effects 
has been rare. In general use, the most 
common side effects reported have 
been drowsiness, ataxia and confusion, 
particularly in the elderly and 
debilitated. 

Librium is given concomitantly with 
certain specific medications of other 
classes of drugs, such as coronary 
vasodilators, cardiac glycosides, diu- 
retics and antihypertensive agents, 
whenever anxiety is a clinically signifi- 
cant factor. Librium should be discon- 
tinued when anxiety has been reduced 
to tolerable levels. 


For moderate to severe anxiety 
accompanying angina pectoris 


adjunctive 
Librium 10 mg 
(chlordiazepoxide HCI) 
1or2 capsules t.i.d./q.i.d. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Please see following page for summary of product information. 








For moderate to severe anxiety 


Antianxiety effectiveness- 
and other clinical 
benefits 


Value as 
adjunctive therapy 


m 


Continued evidence 
of safety 


Usually well tolerated 


P 


adversely affecting cardiovascular function 
adjunctive 
Librium 
(chlordiazepoxide HCI) 
5-mg, 10-mg, 25-mg capsules 
up to100 mg daily 


Before prescribing, please consult complete 
product information, a summary of which 
fallows: 

Indications: Relief of anxiety and tension 
occurring alone or accompanying various 
disease states. 

Contraindications: Patients with known 
hypersensitivity to the drug. 

Warnings: Caution patients about possible 
combined effects with alcohol and cther 
CNS depressants. As with all CNS-acting 
drugs, caution patients against hazardous 
octupations requiring complete mental 
alertness (e.g., operating machinery, driv- 
ing). Though physical and psychological 
dependence have rarely been reported on 
recommended doses, use caution in admin- 
istering to addiction-prone individuals or 
those who might increase dosage; with- 
drawal symptoms (including convulsions), 
following discontinuation of the drug and 
similar to those seen with barbiturates, have 
been reported. Use of any drug in preg- 
nancy, lactation, or in women of childbear- 
ing age requires that its potential benefits 
be weighed against its possible hazards. 
Precautions: In the elderly and debilitated, 
and in children over six, limit to smallest 
effective dosage (initially 10 mg or less per 
day) to preclude ataxia or oversedation, 


usa *» . 


increasing gradually as needed and toler- 
ated. Not recommended in children under 
six. Though generally not recommended, if 
combination therapy with other psycho- 
tropics seems indicated, carefully consider 
individual pharmacologic effects, particu- 
larly in use of potentiating drugs such as 
MAO inhibitors and phenothiazines. Observe 
usual precautions in presence of impaired 
renal or hepatic function. Paradoxical reac- 
tions (e.g., excitement, stimulation and 
acute rage) have been reported in psychia- 
tric patients and hyperactive aggressive 
children. Employ usual precautions in treat- 
ment of anxiety states with evidence of 
impending depression; suicidal tendencies 
may be present and protective measures 
necessary. Variable effects on blood coagu- 
lation have been reported very rarely in 
patients receiving the drug and oral anti- 
coagulants; causal relationship has not been 
established clinically. 

Adverse Reactions: Drowsiness, ataxia and 
confusion may occur, especially in the 
elderly and debilitated. These are reversible 
in most instances by proper dosage adjust- 
ment, but are also occasionally observed at 
the lower dosage ranges. Ina few instances 
syncope has been reported. Also encoun- 
tered are isolated instances of skin erup- 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


tions, edema, minor menstrual irregularities, 
nausea and constipation, extrapyramidal 
symptoms, increased and decreased libido 
—all infrequent and generally controlled 
with dosage reduction; changes in EEG 
patterns (low-voltage fast activity) may ap- 
pear during and after treatment; blood 
dyscrasias (including agranulocytosis), 
jeundice and hepatic dysfunction have been 
reported occasionally, making periodic 
blood counts and liver function tests advis- 
able during protracted therapy. 


Usual Daily Dosage: Individualize for maxi- 
mum beneficial effects. Ora/—Adults: Mild 
and moderate anxiety and tension, 5 or 10 mg 
t.i.d. or q.i.d.; severe states, 20 or 25 mg 

t.i.d. or q.i.d. Geriatric patients: 5 mg b.i.d. to 
q.i.d. (See Precautions.) 

Supplied: Librium® (chlordiazepoxide HCl) 
Capsules, 5 mg, 10 mg and 25 mg—bottles of 
100 and 500; Tel-E-Dose9 packages of 1000. 
Libritabs& (chlordiazepoxide) Tablets, 5 mg, 
10 mg and 25 mg—bottles of 100 and 500. d 
With respect to clinical activity, capsules and 
tablets are indistinguishable. 
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. vegetable oils in lowering serum cholesterol. 


For years you ve known about the excellent P/S ratio 
of Fleischmann’s® Margarine; it's high in polyunsat- 
urates, low in saturated fat. Fleischmann's is made from 
100% corn oil; almost one cup is important liquid corn 
oil. Clinical tests have shown corn oil is unsurpassed 
among vegetable oils for lowering serum cholesterol.'-9 
And because Fleischmann's is made from 100% corn 
oil, it tastes delicious. 

The excellent P/S ratio, however, is only partly re- 
sponsible for Fleischmann's hypocholesteremic effect. 
Studies indicate that natural plant sterols in com oil 





Clinical studies show corn oil is unsurpassed among 


Each pound contains almost 
one cup liquid corn oil. 











exert an independent suppressant effect on serum 
cholesterol.®”'° Corn oil has a higher content of plant 
sterols than other margarine vegetable oils. It is believed 
that these plant sterols are responsible for corn oil d 
being unsurpassed in lowering serum cholesterol when 
compared to other commonly used vegetable oils 
having a higher P/S ratio. 45 

Fleischmann's Margarine can be recommended x 
with confidence for low cholesterol/low saturated fat diets" : 
because it is made from 100% com oil. Fleischmana's, * 
makes sensible eating delicious. / 
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E And one coupon to get : 
our free booklets to help your patients _ 
, stay on that diet. 
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CLINICAL STUDIES 


1 Clinical Features of Unrecognized Myocardial Infarction— Silent and Symptomatic. Eighteen 
Year Follow-Up: The Framingham Study 


x JAMES R. MARGOLIS, WILLIAM B. KANNEL, MANNING FEINLEIB, THOMAS R. DAWBER and 
PATRICIA M. McNAMARA 


Further experience with the Framingham Heart Disease Study indicates that the proportion of electro- 
cardiographically documented infarctions clinically unrecognized is identical (23 percent) after 18 years of 
follow-up study to that in the 8th and 14th year follow-up data. About 50 percent of these 60 cases of un- 
recognized infarction represent "silent" myocardial infarction. Subjects with unrecognized myocardial 
infarction appear to avoid doctors. 





8 Left Ventricular Hemodynamics in Anterior and Inferior Myocardial Infarction 
RICHARD O. RUSSELL, Jr., DAVID HUNT and CHARLES E. RACKLEY 


In this hemodynamic and clinical study of 50 patients with acute myocardial infarction, subjects with ante- 

rior wall infarction had a significantly higher left ventricular filling pressure and heart rate, lower stroke 

index and stroke work index, more frequent ventricular gallops and a higher hospital mortality rate than 
\ those with an inferior wall infarction. Stroke volume and stroke work index, lower in patients with a poor 
e clinical condition, correlated best with bedside classification. 


17 Dynamic Changes in the ST- T Segment During Sleep in Ischemic Heart Disease 
SHLOMO STERN and DAN TZIVONI 


Abnormal ST-T changes observed during the day in 97 of 140 patients with chronic ischemic heart disease 
decreased during sleep in 39, remained the same in 35 and worsened in 23 patients. No satisfactory ex- 
planation was found for the deterioration of the ischemic pattern during sleep. 


21 Effects of Angiographic Contrast Medium on Left Ventricular Function in Coronary Artery Disease. 
Comparison with Static and Dynamic Exercise 


PETER F. COHN, HOWARD R. HORN, LOUIS E. TEICHHOLZ, THOMAS H. KREULEN, MICHAEL 
V. HERMAN and RICHARD GORLIN 


Using modified ventricular function curves in 60 selected patients with chest pain, these investigators show 

the superiority of angiographic contrast medium as a stress test over dynamic and static exercise. They 
a attribute such superiority in eliciting left ventricular dysfunction to the hypervolemic and myocardial de- 
! pressant effects of the contrast medium. 
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Drug-Induced Constipation 


Many of the widely prescribed drug categories—antacids, 
analgesics, barbiturates, tranquilizers, diuretics, hematinics, antihis- 
tamines, anticholinergics, antispasmodics, narcotics, muscle relax- 
ants, antihypertensives, antidepressants— may interfere with the 
regular bowel action. 


The value of SENOKOT Tablets/Granules has been clearly 
demonstrated in drug-induced or drug-aggravated constipation. In 5 
studies* SENOKOT therapy was effective in 98.5% of 613 cases. 


When an essential drug you prescribe induces or aggravates 
constipation, Rx or recommend a SENOKOT laxative product. Com- 
patible with antacids, clinically tested, shown not to interfere with the 
action of numerous drugs, it is the natura/ choice to keep things mov- 
ing gently, comfortably, effectively. 


Supplied: SENOKOT Tablets (small, easy-to-swallow)—Bottles 
of 50 and 100. SENOKOT Granules (delicious, cocoa-flavored)—4, 8 
and 16 ounce (1 Ib.) canisters. 


*References on request. 


Counteract with Senokot 


(standardized senna concentrate) 
Tablets/ Granules 


a natural laxative 


Purdue Frederick 


©COPYRIGHT 1973, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 
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Intraventricular Conduction Time (H-V Interval) During Antegrade Conduction in Patients with 
Heart Block 


PREM K. GUPTA, EDGAR LICHSTEIN and KUL D. CHADDA 


His bundle electrography disclosed that the majority of 16 patients with bundle branch block who experi- 
enced heart block had a prolonged H-V interval during antegrade conduction. Atrial pacing during 1:1 
atrioventricular conduction may or may not produce block distal to the H potential. 


Basis of Static and Dynamic Electrocardiographic Variations in Wolff-Parkinson-White Syndrome. 
Anatomic and Electrophysiologic Observations in Right and Left Ventricular Preexcitation 


JOHN P. BOINEAU, E. NEIL MOORE, JOSEPH F. SPEAR and WILL C. SEALY 


Experimental studies in squirrel monkeys and in people confirm that Wolff-Parkinson-White conduction 
is caused by electrical preexcitation of the ventricles by means of single or multiple accessory atrioven- 
tricular connections which determine the clinical and functional characteristics of the syndrome. Dynamic 
variations in the QRS complex can also result from beat to beat variations or a shift in the atrial pacemaker 
that alters the pattern of atrial activation and the relative input times to the normal and accessory connec- 
tions. 


EXPERIMENTAL STUDIES 


Biochemical and Morphologic Correlates of Cardiac Ischemia 


ARNOLD SCHWARTZ, JEANIE M. WOOD, JULIUS C. ALLEN, EDWARD P. BORNET, MARK L. 
ENTMAN, MARGARET A. GOLDSTEIN, LOUIS A. SORDAHL and MINORU SUZUKI! with the tech- 
nical assistance of ROBERT M. LEWIS 


The data demonstrate specific involvement of membrane organelle systems governing cation metabolism 
in acute and chronic myocardial ischemia in dogs. Such defects occurring rapidly after the occlusive in- 
sult and involving the long chain of fatty acid transport system of mitochondria and the sarcoplasmic re- 
laxing system can cause the marked changes in contractility associated with myocardial ischemia. 


Experimental Model for Study of "Sudden Death" from Ventricular Fibrillation or Asystole 
KYU TAIK LEE, WOONG MAN LEE, JAOK HAN, JOHN JARMOLYCH, MONICA B. BISHOP and 
BRIJ G. GOEL 


Sudden death from cardiac arrhythmias can be induced in swine by combining precordial X-irradiation 
and an atherogenic diet which produce advanced coronary atherosclerosis. The lowered ventricular fibril- 
lation threshold found in these atherosclerotic swine could be raised 4-fold by the infusion of lidocaine. 


PEDIATRIC CARDIOLOGY 


Echocardiographic Manifestation of d-Transposition of the Great Vessels 
JAMES C. DILLON, HARVEY FEIGENBAUM, LEE L. KONECKE, JERGEN KEUTEL, 
ROGER A. HURWITZ, RICHARD H. DAVIS and SONIA CHANG 


Echocardiograms in 16 patients with d-transposition of the great vessels, proved at cardiac catheterization, 
show that superimposition of the great vessels without intervening crista together with simultaneous re- 
cording of semilunar valve echoes is a specific diagnostic pattern for this disorder. 
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, Patients at risk 


7 When the patient is at risk because of K-loss 


4 


Potassium depletion can become a hazard in: 
* diuretic therapy 

* digitalis therapy 

* prolonged and severe vomiting 

* prolonged corticosteroid therapy 


-..an answer that makes sense is K-LOR 
(POTASSIUM CHLORIDE SUPPLEMENT) 
K-LOR provides both potassium and chloride ions— 
allowing for complete correction of potassium 
imbalance associated with diuretic therapy. 


There is less chance of gastric upset with K-LOR 
since it is provided in single dose packets of powder 
that must be diluted with liquid. 

The single-dose packet assures you of accurate dosage 
and provides convenience for the patient. 


KLOR GERA - 


Because potassium supplementation is serious medicine 


Contraindications: Potassium chloride is contraindicated in the presence of severe 
renal impairment with oliguria or azotemia, untreated Addison's disease, ady- 
namia episodica hereditaria, acute dehydration, heat cramps, and hyperkalemia 
from any cause. 

Potassium chloride should not be employed in patients receiving potassium- 
sparing agents such as aldosterone antagonists and triamterene. 


Precautions: With normal kidney function, potassium intoxication from oral 
administration is not likely to occur, since renal excretion of the ion increases 
in response to a rise in the concentration of body potassium. Nevertheless, potas- 
sium supplements must be administered with caution, since the dietary or daily 
amount is not accurately known. Frequent checks of the patient's clinical status 
and periodic ECG and/or serum potassium levels should be done. High serum 
concentrations of potassium ion may result in death through cardiac depression, 
arrhythmia, or arrest. The drug should be used with caution in the presence of 
cardiac disease and systemic acidosis. 


Adverse Reactions: Side effects include abdominal discomfort, nausea, vomiting 
and diarrhea. 

In the presence of renal dysfunction it may be possible to induce hyperkalemia 
by oral administration of potassium salts. The symptoms and signs of potas- 
sium intoxication include paresthesias of the extremities, weakness and heavi- 
ness of the legs, flaccid paralysis, listlessness, mental confusion, fall in blood 
pressure, cardiac arrhythmias and heart block. Electrocardiographic abnormali- 
ties such as disappearance of the P wave, widening and slurring of the : 
QRS complex, changes of the S-T segment and tall peaked T waves may c] < 
be noted with hyperkalemia. 
TM—Trademerk XT bie á 307458 * 
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Effectiveness of Dopamine in Patients with Cardiogenic Shock 
JOHN HOLZER, JOEL S. KARLINER, ROBERT A. O'ROURKE, WILLIAM PITT and 


Dopamine is useful, either alone or with other pressor agents, to treat cardiogenic shock, especially in 
patients with diminished urinary flow and hypotension after cardiopulmonary bypass. 


Cardioversion of Tachycardias by Transesophageal Atrial Pacing 
JULIO V. MONTOYO, JUAN ANGEL, VINCENTE VALLE and CARLOS GAUSI 


Best results with use of transesophageal atrial pacing to terminate arrhythmias in 22 patients were ob- 
tained in patients with paroxysmal supraventricular tachycardia. This method is easily applied and may also 
benefit digitalized patients with nonparoxysmal atrioventricular junctional tachycardia for whom direct- 
current cardioversion is dangerous and who require rapid termination of the arrhythmia. 


This historical milestone restates Kussmaul's original description of the paradoxical pulse as a peculiar 
phenomenon of the arterial pulse in patients with constrictive pericarditis. Modern textbooks err in de- 
scribing the paradoxical pulse as a reduction in systolic blood pressure of 10 mm Hg or more during in- 
spiration. Such changes during inspiration are physiologic, not paradoxical. 


Sinus Rhythm with Absent P Waves in Advanced Rheumatic Heart Disease 
A. HAFIZ KHAN, RIAZ HAIDER, DEREK R. BOUGHNER, CELIA M. OAKLEY and 


Intracardiac electrograms recorded sinus rhythm in 2 patients with advanced rheumatic heart disease 
and surface electrocardiograms showing irregular rhythms and absent P waves suggesting atrial fibrillation. 
The best explanation is that low atrial potential voltage caused by extensive fibrosis of both atria interferes 


Contents 
T REPORTS ON THERAPY 
79 
JOHN ROSS, Jr. 
85 
X 
HISTORICAL MILESTONES 
91 Paradoxical Pulse: 100 Years Later 
HENRY R. WAGNER 
DIAGNOSTIC SHELF 
93 
JOHN F. GOODWIN 
with recording on the surface tracing. 
98 


Left Bundle Branch Block and Abnormal Left Axis Deviation Without Left Anterior Hemiblock 
NICHOLAS P. DePASQUALE and MICHAEL S. BRUNO 


Electrocardiographic data in 3 patients demonstrate that a mean QRS axis deviation to the left of — 30^ 
in the frontal plane does not always indicate left anterior hemiblock in the presence of complete left bundle 


branch block. 
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Aberrant impulses and abnormal rhythms due to escape mechanisms should not b 
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DIOQUIN Tablet (quinidine polygalacturonate 
GE AND ADMINISTRATION: Dosage must be 
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y; generally one tablet morning and night will be adequate. SUPPLIED:. 


adjusted to individual needs, both for conversion and maintenance. An initia! do 


arrhythmias, and may be repeated in 3-4 hours. If normal sinus rh 


increased by V» to 1 tablet (137.5 to 275 mg.) and administered thr 


hance, one tablet may be used two to three times a da 


Uncoated 


Scored tablets in bottles of 50. 


PURDUE FREDERICK 


€ COPYRIGHT 1972, 1973, THE PURDUE FREDERICK COMPANY, NORWALK. CONN. 06856 


155235 


Reese 


Contents 


uc eh hE wg RS a 


CASE REPORTS 
101 Tricuspid and Pulmonary Valve Obstruction Relieved by Removal of a Myxoma of the Right Ventricle 
JAMES ZAGER, J. ORSON SMITH, SIDNEY GOLDSTEIN and ROBERT H. FRANCH 


In a 30 year old woman surgical removal of a right ventricular myxoma successfully abolished tricuspid 
and pulmonary valve obstruction and resulted in excellent hemodynamic and clinical improvement. 


105  Polyvalvular Mucopolysaccharidosis of the Heart in an Infant with C/D Chromosomal Translocation 
DELORES A. DANILOWICZ, MILTON J. FINEGOLD anc SANDRA R. WOLMAN 


The concurrence of C/D chromosomal translocation and polyvalvular disease of the heart in this infant 
suggests but does not prove a pathogenetic relation. Postmortem examination disclosed no generalized 
disorder of the connective tissue. 


110 False Aneurysm of Left Ventricle Due to Perforation of Mitral-Aortic Intervalvular Fibrosa with 
Rupture and Cardiac Tamponade. Rare Complication of Infective Endocarditis 


ALI H. QIZILBASH and COLIN J. SCHWARTZ 


Despite treatment with penicillin, subacute bacterial endocarditis in this 17 year old boy with congenital 
bicuspid aortic valve rapidly produced a false aneurysm of the left ventricle that ruptured into the pericar- 
dial cavity and caused fatal cardiac tamponade. 


114 Site of Conduction Disturbances in a Family with Myotonic Dystrophy 


MARK E. JOSEPHSON, ANTHONY R. CARACTA, JOHN J. GALLAGHER and 
ANTHONY N. DAMATO 


Bundle of His electrocardiograms in a father and a son with myotonic dystrophy and conduction defects 
demonstrated marked impairment of His-Purkinje conduction in the father and atrioventricular nodal, 
intra-His bundle and infra-His bundle conduction delays in the son. 


119  Diverticulum or Aneurysm of Left Ventricle 


BERNARDO TREISTMAN, DENTON A. COOLEY, ROBERTO LUFSCHANOWSK! and 
ROBERT D. LEACHMAN 


A congenital ventricular outpouching is termed a diverticulum when it projects from the inferior wall of the 
heart and is associated with midline thoraco-abdominal defects, and an aneurysm when other congenital 
malformations are absent and the point of ventricular connection is wide. Surgical repair of congenital 
ventricular diverticulum was successfully performed in an 8 year old girl and in a middle-aged doctor. 
Indications for surgery included increasing size or vulnerability of the aneurysm to trauma because of 
associated midline defects. 
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Holter DCG Monitoring Case History No. 19 


A dynamic electrocardiogram was performed on a 23- 
year old female, who had previously complained of symp- 
toms of rapid palpitations and chest pain. During the 10- 
hour recording perioc, the patient reported numerous 
symptoms, including hot flashes, chest heaviness, shortness 
of breath, etc. 


During the first part of the tracing (see first strip), the 
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mal J-point depression was noted on the recording. How- 
ever, the patient later complained of shortness of breath 
and chest heaviness while walking (see second strip). This 
time the recording showed marked ST segment depression 
and T-wave inversion associated with cardiac rate increase. 
The DCG documentation of the ischemic ST-segment shifts 
permitted an accurate diagnosis on this young female with 
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Courtesy of Cardio-Dynamics Laboratories, Inc. 


Now Available To Every Physician... 


DYNAMIC ELECTROCARDIOGRAPHY'" (DCG) 
WITH THE AVIONICS-HOLTER SYSTEM 

















— 
24-hour ECG 24-minute scan 
recorder for of ECG tape 
ambulatory recording plus 
patients standard ECG 
documentation 
of abnormalities 
* Post MI Follow-Up * Evaluation of Drug Administration 
* Phantom Chest Pains and Dizziness * Ease of Operation 
* Pacemaker Evaluation * Ease of Economic Justification 
For more information, return the coupon below. 
—_—— LLLI D R——R—R——————— 
O Please send me the literature. | would like to know more about Holter monitoring and 
the Avionics Dynamic Electrocardiographic Systems. 
[] Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 
Name and Title 
Organization jd 
Address 
City State Zip 








AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
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He has two hours 
of angina protection. 


CHEWABLE 
SORBITRATE. 


ISOSORBIDE DINITRATE 5MG. 


goes beyond the 


benefits of sublingual 
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For up to two hours of 
protection, your angina patient 
needs more than sublingual 
nitroglycerin. 

And Chewable Sorbitrate 
provides more. 


O Acts almost as fast as 
nitroglycerin...lasts about 
4 times as long. 


0 5 10 30 1 hr. 2 hr. 






CHEWABLE SORBITRATE 
(isosorbide dinitrate) 
approximate onset of action... 
as little as 2 minutes 
approximate duration of action... 
up to 2 hours 


NITROGLYCERIN SUBLINGUAL 
approximate onset of action... 

2 minutes 

approximate duration of action... 
20 to 30 minutes 


O More stable in air than 
sublingual nitroglycerin: 

it can be stored or carried with 
no significant loss of potency. 


O And when indicated: Sorbitrate® 
(isosorbide dinitrate) 
Sublingual 5 mg. and 2.5 mg. 


SUMMARY OF PRESCRIBING INFORMATION 

Mode of action: The mechanism of action of SORBITRATE (isosor- 
bide dinitrate) is unknown, although the basic pharmacologic action 
is to relax smooth muscle. Isosorbide dinitrate reduces in number 
and severity the incidence of angina pectoris attacks, with con- 
comitant reduction in nitroglycerin intake. 

Indications: Sublingual and Chewable: For the prevention and treat- 
ment of angina pectoris. 

Oral: For the relief of angina pectoris. It is not intended to abort 
the acute anginal episode. SORBITRATE WITH PHENOBARBITAL 
is indicated for patients in whom the angina pectoris is accompanied 
by anxiety or its related symptoms. 

Contraindications: A history of sensitivity to the drug. 

Warnings: Data supporting the use of nitrates during the early days 
of the acute phase of myocardial infarction are insufficient to estab- 
lish safety. Phenobarbital may be habit forming. 

Precautions: Should be used with caution in patients who have 
glaucoma. Tolerance and cross tolerance to other nitrates may occur. 
Adverse Reactions: Headache which may be severe and persistent. 
Lowering the dose and using analgesics will help control the head- 
aches which usually diminish or disappear as therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vasodilation with 
flushing; transient dizziness and weakness as well as other signs of 
cerebral ischemia associated with postural hypotension; individual 
marked sensitivity to the hypotensive effects of nitrates wherein se- 
vere responses càn occur even with the usual therapeutic dose (alco- 
hol may enhance this effect); drug rash and/or exfoliative dermatitis. 

This drug can act as a physiological antagonist to norepinephrine, 
acetylcholine, histamine and other agents. 

Dosage and Administration: Route: Sublingual, oral and chewable 
tablets. 

Individual Dose: To minimize hypotensive responses, which may 
occasionally be severe with chewable doses as low as 5 mg., the 
smallest effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. Sublingually or orally, 5 to 10 mg. 
is the range commonly used although doses of up to 30 mg. have 
frequently been employed. 

Dosage Schedule: Smallest effective dose necessary for the pre- 
vention and treatment of pain of an anginal attack. Sublingual 
SORBITRATE may be taken p.r.n. or at 4 to 6 hour intervals; Oral 
SORBITRATE may be taken 3 to 4 times daily. CHEWABLE 
SORBITRATE may be taken for prompt relief of anginal pain 3 or 4 
times daily. Although the onset and duration of effect of coronary 
nitrates may vary, following are the generally reported ranges of 
these values for SORBITRATE: 

Onset of Effect: Sublingual and Chewable: 2 to 5 minutes. Oral: 
15 to 30 minutes. 

Duration of Effect: Sublingual and Chewable: 1 to 2 hours. Oral: 
Estimated to be 4 to 6 hours. 

It is recommended that the oral dosage be taken on an empty 
stomach. 






N STUART PHARMACEUTICALS | piv «ICI America Inc. 
WILMINGTON, DEL. 19899 
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CARDIO-PLUS 
SERVICE KIT 


A new service kit to help 
doctors keep their electrodes 
in good condition by putting 

a silver plating on them as 
they become worn through use 
from body acids and cleaning 
solutions. Insures necessary 
good contact with micro-volt 
charges of the human body. 


For use on: EKG - Monitors 
* Defibrillator Paddles 
- Pacemakers - Electric Shock 


Units, etc. 
me $4.95 "c 


ADVANCED 
MEDICAL ELECTRONICS 


3742 Sixth Ave., San Diego, California 92103 
Tel (714) 291-0201 








Pronestyl' Capsules/Injection 
(Procainamide Hydrochloride) 


Contraindications: In patients with myasthenia gravis and where 
ahypersensitivityto procainamideand related drugs exists. Should 
not be given to patients with complete atrioventricular heart block. 
Contraindicated in cases of high-degree A-V block unless an elec- 
trical pacemaker is operative. 

Administration: Oral administration is preferred. When paren- 
teral therapy is necessary, intramuscular administration is the 
method of choice. Intravenous use should be limited to extreme 
emergencies, be administered as a dilute infusion, and the patient 
be monitored electrocardiographically whenever practicable 
throughoutthe infusion. The intravenous dose should not exceed 
1g. Administer at a rate not exceeding 25 tc 50 mg. per minute. 

Should procainamide therapy be continued for any appreciable 
period, electrocardiograms should be made occasionally to deter- 
mine its further need 
Precautions: Evidence of untoward myocardial response should 
becarefuily watched for in all patients. In the presence of myocar- 
dial damage with atrial fibrillation or flutter, the ventricular rate may 
increase suddenly as the atrial rate is slowed; adequate digitaliza- 
tion reduces butdoes notabolish this danger. Ventricular tachysys- 
tole is particularly hazardous 

The dislodgement of mural thrombi producing an embolic epi- 
Sode may occur in correcting atrial fibrillation due to the torceful 
contractions of the atrium 

Extreme caution is required in attempting to adjust the heart 
rate when ventricular tachycardia has occurred during an occlu- 
Sive coronary episode or where the use of procainamide may 
result in additional depression of conduction and ventricular asys- 
tole or fibrillation as in A-V block, bundle branch block, or severe 
digitalis intoxication 

Parenteral administration should be monitored electrocardio- 
graphically whenever practicable. Parenteral administration 
should be discontinued at once if electrocardiograms give evi- 
denceof impending heart block. This complication should be kept 
in mind when treating ventricular arrhythmias (especially parenter- 
ally) in patients with severe organic heart disease and ventricular 
tachycardia who may also have complete heart block. Since asys- 
tole may result if the-ventricular rate is significantly slowed without 
attainment of regular atrioventricular conduction, procainamide 
should be stopped and the patient re-evaluated 

Inthe presence of both liver and kidney damage, normal dosage 
may produce symptoms of overdosage—principally ventricular 
tachycardia and severe hypotension. 

A syndrome resembling lupus erythematosus has been re- 

ported with maintenance procainamide therapy. Common symp- 
toms are polyarthralgia, arthritis and pleuritic pain. Fever, myalgia, 
skin lesions, pleural effusion and pericarditis may also occur. Rare 
cases of thrombocytopenia or Coombs-positive hemolytic ane- 
mia, possibly related to this syndrome, have been reported. Mea- 
sure anti-nuclear antibody titers at regular intervals in patients on 
procainamide for extended periods of time or in whom symptoms 
suggestive of upus-like reaction appear; discontinue drug in event 
of rising titer or clinical symptoms of LE. Steroid therapy may be 
effective if discontinuation of procainamide does not cause remis- 
sion of symptoms. if the syndrome develops in a patient with re- 
current life-threatening arrhythmias not otherwise controllable, 
steroid-suppressive therapy may be used concomitantly with 
procainamide. 
Adverse Reactions: Because procainamide is a peripheral vaso- 
dilator, it may producea hypotensive response, sometimes precip- 
itous when given intravenously. Blood pressure should be mea- 
sured almost continuously during the infusion which should be 
temporarily discontinued if the fall exceeds 15 mm. Hg. The hypo- 
tensive responseislesslikely to occur from intramuscular injection 
and is rare following oral administration. Serious disturbances of 
cardiac rhythm such as ventricular asystole or fibrillation are also 
more common with I.V. administration. 

Large oral doses may sometimes produce anorexia, nausea, 
urticaria, and/or pruritus. 

Reactions consisting of fever and chills; soreness of mouth, 
throat, or gums. and symptoms of upper respiratory tract infection 
have been reported. Agranulocytosis has been occasionally re- 
ported following prolonged use of the drug, and deaths have oc- 
curred. Therefore, routine blood counts are advisable during 
maintenance therapy. If any of the above symptoms should occur 
and leukocyte counts indicate cellular depression, procainamide 
therapyshould be discontinued and appropriate treatment should 
beinstituted immediately. Diarrhea, weakness, mental depression, 
giddiness, psychosis with hallucinations, hypersen sitivity reac- 
tions such as angioneurotic edema and maculopapular rash, and 
bitter taste have been reported 

The package insert should be read carefully to become tamiliar 
with the recommended oral and parenteral dosage for the indi- 
cated conditions 
How Supplied: Pronestyl Capsules (Procainamide Hydrochlo- 
ride Capsules U.S.P) providing 250 mg. and 500 mg. are available 
in bottles of 100 and 1000 and Unimatic* Single Dose packaging 
in cartons of 100. Capsules providing 375 mg. are available in bot- 
tles of 100. Pronestyl Injection (Procainamide Hydrochloride In- 
jection U.S.P.) providing a 1056 sterile acueous solution (100 mg./ 
CC.) with 0.9% (w/v) benzyl alcohol is available in 10 cc. vials 
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Pronestyl 
(Procainamide Hydrochloride) 


for premature 
ventricular contractions 


SQUIBB 


ae ee eless Ingredient of every produc 
is the honor and integr "s aie maker.’™ See opposite page for brief summary. 


Now more than ever... 
essential guidance for every 
physician involved in 
prescribing, testing, 
administering modern drugs 
and diagnostic aids 


ALL NEW 1973 
12th EDITION 


MODERN DRUG ENCYCLOPEDIA 
and THERAPEUTIC INDEX 


Thousands of changes since the previous edition . . . hundreds dosage and administrations . . . availability... Bureau of 
of brand new entries...gives brand names... generic Narcotic and Dangerous Drug Schedules and Ratings... 
names ... chemical names... descriptions... indications... 
pharmacological actions...indications and ‘contra-indica- 
tions... precautions . . . warnings . . . adverse reactions ... currently used ethical drugs. 
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Blood serum level toxicity schedules...for over 3,000 


In short, everything you need for quick, comprehensive referencing in one 
ruggedly bound, easy to handle volume. 


PLUS—Special Chapters on pharmacologically similar drugs. 


PLUS—The All-important therapeutic index...for the widest possible 
therapy selection. 


PLUS—A Manufacturers Index, listing Company Names, Addresses and 
their products. 


AND our editorial staff of physicians and pharmacists has MODERN DRUG ENCYCLOPEDIA is clways up-to-date... 
compiled a NEW GENERAL INDEX for your convenience. with your purchase of MDE-12 you will receive FREE of 
It's scientifically designed for first hit look ups by both generic charge a two year supplement service — MODERN 
and brand names. DRUGS. 


Please order now . . . make sure your copy of MDE-12 is reserved and earmarked for your office. 


THE YORKE MEDICAL GROUP 
666 Fifth Avenue, New York, New York 10019 


l 
l 
l 
l 
| 
| Please reserve one copy of the new 12th Edition of MODERN DRUG ENCYCLOPEDIA AND THERAPEUTIC INDEX 
| at the regular price of $30.00. 

| (Outside U.S.A, price $37.00). 

| L] My check for $___is enclosed. [O Bill me. 

| inte ace ee cun cce 

| eppropriate sales tax). 

l 

| 

l 

l 

l 

l 

l 

l 
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EU M Cat Pss MED E uoce SEs Tute n 


. and you'll know you made 
the right decision. 


From the start, an HP Medical Field Specialist works with you. 
He defines exactly what’s needed to create a complete system 
for you—down to the last patient cable. Supplies all the 
answers your architect needs on floor space, cable runs, 
power requirements. Doesn't leave the hospital until 

your system is in and operating correctly. 


He'll be back soon— and at regular intervals 
afterward. Briefing your staff on how to use all the 
capabilities of the system . . . teaching them 
through “hands on" methods... answering all 
their questions. And he's there in the future 
without being called: making safety and cali- 
bration checks, following up on system per- 
formance in your day-to-day operations. 


If you need help fast in a life-support 
situation, he will either make repairs on the 
spot or have equipment flown in from HP's 
emergency standby pool. For routine service, 
he prefers — as you do —to keep the equip- 
ment where it belongs: in your hospital. 


When you own an HP medical system, 
you'll know an HP Medical Field Specialist. 
You'll know his background . . . the years he 
has spent in hospitals like yours . .. why he 
puts your satisfaction before everything else. 
You'll know HP instrumentation was the right 
decision, that HP people are people you can 
count on. Hewlett-Packard, Waltham, Mass. 


HEWLETT \hp, PACKARD 


OwnanHPsystem, ^^^ 


x 
HP. 































Advantages of the 
Mark 16/35 









for Cine 


Fluorography 
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No artifacts of any kind 


. Canted nylon rollers 


mounted on 2 centered 
single bearing allowing the 
rollers to follow the attack 
angle thus eliminating 
stretch and abrasion marks 
on the film 

Constant torque 

Constant speed 

Absolute dependability 
Daylight operated 
Automated temperature 
control 

Automated processing 
consistency 

Automated replenishment 
Infinitely variable speed to 
60 feet per minute 


Standard processing 
solutions 


. Compact and portable 


High resolution 


. Air impingement dryer 
. Simplicity of operation 


I mage area is not touched 
within the machine 


. Air impingement squeegee 


complete with compressor 
Minima! maintenance 
Guided perfect tracking 


. Chemicals and water 


continuously filtered 


. No auxiliary drives 


Complete — no accessories 
required 

Type 316L stainless steel 
construction 


11. Turbulent agitation 
processing 
OSCAR FISHER 
Company, Incorporated 
Box 2305, Newburgh, N.Y. 12550 
Telephone (914) 562-3900 
Mfrs. əf Silver Estimating Papers. Processall, Anhyarator. Ag O Mat, and general processing lab equipment All Oscar Fisher equipment is constructed of type 316L srainless steel 
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OUR BLOOD 
, PRESSURE TRANSDUCER 
AND ITS CREDENTIALS. 


stop to prevent damage up to 10 times the rated full 
scale pressure range and excellent frequency response 
for accurate monitoring of the heart pulse characteristic. 

The Bell & Howell 4-327 is not affected by posi- 
tion. Not harmed by mechanical shock. And not shaken 
by vibration or microphonic transients. Its been a 
proven performer for 8 years. 


THE PRESSURE IS ON US. 


Our 4-327s are available on a moment's notice. 
We maintain an inventory which allows us to guaran- 
tee shipment within 24 hours of your order. That 
goes for new orders as well as repeat orders. New cus- 
tomers as well as old customers. Which means the 
world’s most accurate blood pressure transducer 
is probably also the world’s fastest, from our 
inventory into your hands. 





The Bell & Howell Type 4-327 Physiological 
Blood Pressure Transducer; Measures arterial and 
venous blood pressure. Specifically designed for use pe ^ D 
in hospital cath labs, ICUs and CCUs. Need service? Our delivery philosophy ex- 

tends to our service policy. When you need us you 
HOW ACCURATE? HOW GOOD? can get us. 

It's the most accurate 

Sutmunent available. Twice GET TOGETHER WITH THE 4-327. 
Our transducers 


as accurate as any other 
make. Accurate down to V5 % are our best represent- 


















as a matter of fact. atives. But they can't 
The Bell & Howell answer a phone. How- 

4-327 transducer features ever, if you call col- 

a sensor design that has a lect, (213) 796-9381 





we'll see to it that you 
and our 4-327 blood pressure transducer get together. 


WERE REWRITING THE BOOK. 


It's true. We are rewriting the book, 
the Bell & Howell Transducer Encyclopedia. 
To be published this fall, it will contain im- 
portant information on the use of the 
4-327. If you would like a preview of this 
information, send for your free copy of 
the 4-327 Instruction Manual. Write: 
Transducer Encyclopedia, Bell & Howell, 
CEC/Instruments Division, 360 Sierra 
Madre Villa, Pasadena, California 91109. 


four-active-arm Wheatstone 
bridge element with excel- 
lent calibration stability. Its 
advanced design includes a positive nois seal, 
stable output as saline fluid temperatures 
change, and a removable catch for quick 
interchangeability. 


SPECIAL FEATURES: 


Construction is rugged but its 
finish is that of a precision instrument. 
It has a positive seal using silicone rubber 
gaskets and is autoclaveable with/without 
connectors. Also, it has an overpressure 










































BELL& HOWELL 


WE'RE REWRITING THE BOOK. 





© Copyright 1973 Bell & Hotell 
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It may change the way you diagnose and treat 
patients with elevated lipid levels 


rre not testing for triglycerides, as well as 
esterol, you may detect only 6 out of 10 patie 
with hyperlipidemia. | ! 
We know that patients with hyperlipidemia can have different patterns of 


- lipid elevation. Unless you test for elevations of both triglycerides and cholesterol, itis a mathematical 
probability that almost half the patients with hyperlipidemia will escape detection.! 





yperlipidemia 


P ; 
we 
ZEE 


~ eor d 


ou're testing for both cippo 
terol, chances are you will detect more than 
) patients (over 9570) with hyperlipidemia. 


o clearer argument need be presented for the use of both a cholesterol and 
a triglyceride determination." ' 


Hyperipidemia/Atromid-S [Ayerst] 


See last page of advertisement for prescribing information. 
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Precise knowledge of your patient's lipid patterns will 

help you determine the measures that will benefit him 

most. For this reason "^... physicians should consider 

making serum cholesterol and triglyceride determina- 
tions a part of every routine medical examination.'/? 


DETECT: 


Many laboratories are now offering triglyceride deter- 
minations as routinely as cholesterol determinations. 
But, until this practice becomes universal, it is essential 
that you ask your laboratory specifically for a triglyceride 
determination when ordering cholesterol and other routine 


blood studies. CORRE CT: 


Initially, you will want to try to correct lipid abnormali- | C'eased as much as 35%...and reductions up to 


ties by dietary measures. The diets you recommend 
will depend on whether you want to lower cholesterol, 
triglycerides — or both.? 


SELECT: 


If dietary measures alone fail, it makes sense to add 
ATROMID-S, the agent with a proven record of effec- 
tiveness in lowering serum elevations of cholesterol, 
triglycerides, or both. 


IF GIVEN IN CONJUNCTION WITH ANTICOAGULANTS 
WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTI- 
COAGULANTS ARE GIVEN IN CONJUNCTION WITH 
ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT SHOULD 
BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE 
INDIVIDUAL CASE) TO MAINTAIN THE PROTHROMBIN TIME 
AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICA- 
TIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED 
THAT THE PROTHROMBIN LEVEL HAS BEEN STABILIZED. 
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REDUCTION OF ELEVATED 
CHOLESTEROL LEVELS 


Cholesterol levels above 250 mg.% have de- 











50% have been reported?" 





UP TO 


ol 


REDUCTION OF ELEVATED 
TRIGLYCERIDE LEVELS 


Triglyceride levels above 150 mg.% have de- 
creased as much as 61%...and reductions up to 
90% have been reported.^* 














Atromid-S’ (clofibrate) — the most widely prescribed lipid-lowering agent 
— significantly reduces elevated levels of both cholesterol and triglycerides 


YEARS OF SUCCESSFUL 
- OVERALL CLINICAL EXPERIENCE 


Reliable cholesterol- and triglyceride-lowering ef- 
fect persists as long as treatment is uninter- 
rupted?* Patients treated daily for periods 
ranging up to three years demonstrated a signifi- 
| cant reduction in elevated cholesterol and/or tri- 
| glyceridelevels with the response often becomin 
| evident between the third and fourth wee 
| of therapy.” 

In another long-term study, normalization 
or substantial reduction of elevated cholesterol 
and/or triglyceride levels has been achieved and 
maintained in responsive patients for as long as 
six to eight years.* 


1x4 


ONE ATROMID-S CAPSULE 
FOUR TIMES A DAY 


Asimple, well-accepted regimen that patients can 
stay with. Same dosage for all patients at all times. 

To maintain continuous control of lipid 
levels, therapy should be uninterrupted. 

The higher the initial level, the greater the 
lipid reduction. Lipid-lowering effect is usually 
noted during the first month of therapy. If re- 
sponse is inadequate after three months of ther- 
apy, the drug should be discontinued. However, 
in xanthomata tuberosum, treatment should con- 
tinue for longer periods (even up to one year) pro- 
vided there is a reduction in the size of the xan- 
thomata. 


AN IMPORTANT NOTE: It has not been established whether the drug-induced lowering of serum cholesterol 
or lipid levels has a detrimental, beneficial, or no effect on the morbidity or mortality due to atherosclerosis 
or coronary heart disease. Several years will be required before current investigations will yield an answer to 


| this question. 


Hyperlipidemia /Atromid-S [Ayerst. 


See last page of advertisement for prescribing information. 


Atromid-S ‘cofibrate) 

helps reduce elevated cholesterol 
and/or triglyceride levels — 

not just cholesterol alone 





BRIEF SUMMARY 


(For full prescribing information, see package circular.) 


ATROMID-S® (clofibrate) 
Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: Artromip-S is indicated as adjunctive therapy to diet and 

other measures for the reduction of elevated serum cholesterol (especially the 

beta lipoprotein fraction) and/or triglycerides. Clofibrate appears to have a 

greater depressant effect on the very low density lipoproteins (Sr 20-400) 

rich in triglycerides than the low density lipoproteins (Sr 0-20) rich in 

cholesterol. 

ATROMID-S is also indicated for treatment of patients with xanthoma tuberosum 

associated with hyperlipidemia. The skin lesions frequently regress with 

clofibrate. 

It has not been established whether the drug-induced lowering of serum 

cholesterol or lipid levels has a detrimental, beneficial, or no effect on the 

morbidity or mortality due to atherosclerosis or coronary heart disease. Sev- 
eral years will be required before current investigations will yield an answer 
to this question. 

CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. 
While teratogenic studies have nct demonstrated any effect attributable to 

clofibrate, it is known that serum of the rabbit fetus accumulates a higher 

concentration of clofibrate than that found in maternal serum, and it is pos- 
sible that the fetus may not have developed the enzyme system required for 

the excretion of clofibrate. 

It is contraindicated in lactating women since it is not known if clofibrate 

is secreted in the milk. 

It is contraindicated in patients with clinically significant hepatic or renal 
dysfunction. 

It is contraindicated in patients with primary biliary cirrhosis since it may 

raise the already elevated cholesterol in these cases. 

WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOS- 
AGE OF THE ANTICOAGULANT SHOULD BE REDUCED USUALLY BY 

ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN 

THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEED- 
ING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS 

ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT 

THE PROTHROMBIN LEVEL HAS BEEN STABILIZED. 

Strict birth control procedures must be exercised by women of childbearing 

potential. In patients who plan to become pregnant, clofibrate should be with- 
drawn several months before conception. Because of the possibility of preg- 
nancy occurring despite birth control precautions in patients taking clofibrate, 
the possible benefits of the drug to the patient must be weighed against pos- 
sible hazards to the fetus. 

PRECAUTIONS: Before instituting therapy with clofibrate, attempts should 

be made to control serum lipids with appropriate dietary regimens, weight 

loss in obese patients, control of diabetes mellitus, etc. 

Because of the long term administration of a drug of this nature, adequate 

base line studies should be performed to determine that the patient has 

significantly elevated serum lipid levels. Frequent determinations of serum 

lipids should be obtained during the first few months of ArROMID-S adminis- 
tration, and periodic determinations thereafter. The drug should be withdrawn 

after three months if response is inadequate. However, in the case of xanthoma 

tuberosum, the drug should be employed for longer periods (even up to one 
year) provided that there is a reduction in the size and/or number of the 

xanthomata. 

Subsequent serum lipid determinations should be done to detect a paradoxical 

rise in serum cholesterol or triglyceride levels. Clofibrate will not alter the 

seasonal variations of serum cholesterol peak elevations in midwinter and late 

summer and decreases in fall and spring. If the drug is discontinued, the pa- 
tient should be placed on an appropriate hypolipidemic diet, and his serum 

lipids should be monitored until stabilized, as a rise in these values to or 

above the original base line may occur. 

During clofibrate therapy, frequent serum transaminase determinations and 

other liver function tests should be performed since the drug may produce 

abnormalities in these parameters. Hepatic biopsies are usually within normal 

limits. These effects are usually reversible when the drug is discontinued. If 


the hepatic function tests steadily rise or show excessive abnormalities, the 
drug should be withdrawn. Therefore use with caution in those patients with 
a past history of jaundice or hepatic disease. 
Clofibrate may produce "flu like” symptoms (muscular aching, soreness, 
cramping). The physician should differentiate this from actual viral and/or 
bacterial disease. 
Use with, caution in patients with peptic ulcer since reactivation has been 
reported. Whether this is drug-related is unknown. 
The physician should monitor the patient with complete blood counts since 
peripheral anemia and, more frequently, leukopenia have been reported in 
patients who have been taking clofibrate. Whether these are drug-related is 
unknown. 
Various cardiac arrhythmias have been reported with the use of clofibrate. 
Several investigators have observed in their studies that clofibrate may pro- 
duce a decrease in cholesterol linoleate but an increase in palmitoleate and 
oleate, the latter being considered atherogenic in experimental animals. The 
significance of this finding is unknown at this time. 
ADVERSE REACTIONS: Of the pertinent reactions, the most common is 
nausea. Less frequently encountered gastrointestinal reactions are vomiting, 
loose stools, dyspepsia, flatulence, and abdominal distress. Reactions reported 
less often than gastrointestinal ones are headache, dizziness, and fatigue; mus- 
cle cramping, aching, and weakness; skin rash, urticaria, and pruritus. There 
have been occasional cases of dry, brittle hair and of alopecia. 
The following reported adverse reactions are listed alphabetically by systems: 
Cardiovascular 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 
Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 
Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal distress) 
Vomiting 
Stomatitis and gastritis 
Genitourinary 
Impotence and decreased libido 
Findings consistent with renal dysfunction as evidenced by dysuria, hema- 
turia, proteinuria, decreased urine output. One patient’s renal biopsy sug- 
gested “allergic reaction.” 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 
Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
“Flu like" symptoms 
Arthralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by increased transaminase 
(SGOT and SGPT), BSP retention, and increased thymol turbidity 
Proteinuria 
Increased creatine phosphokinase 
Reported adverse reactions whose direct relationship with the drug has not 
been established: increased angina, peptic ulcer, gastrointestinal hemorrhage, 
rheumatoid arthritis, tremors, increased perspiration, systemic lupus erythema- 
tosus, blurred vision. 
DOSAGE AND ADMINISTRATION: Adult Dose: The recommended dosage 
ior adults is one capsule (500 mg.) four times daily. 
In Children: Insufficient studies have been done in children to show safety 
and efficacy. 
DRUG INTERACTIONS: Caution should be exercised when anticoagulants 
are given in conjunction with Atromip-S (clofibrate). The dosage of the anti- 
coagulant should be reduced usually by one-half (depending on the individual 
case) to maintain the prothrombin time at the desired level to prevent bleed- 
ing complications. Frequent prothrombin determinations are advisable until it 
has been definitely determined that the prothrombin level has been stabilized. 
MANAGEMENT OF OVERDOSAGE: While there has been no reported case 
of overdosage, should it occur, symptomatic supportive measures should be 
taken. 
HOW SUPPLIED: Arngowi»-S-No. 243—Each capsule contains 500 mg. clofi- 
brate, in bottles of 100. 
References: 1. Fredrickson, D. S., et al., in Holmes, W. L., Carlson, L. A., and 
Paoletti, R.: Drugs Affecting Lipid Metabolism, New York, Plenum Press, 1969, 
vol. 4, p. 314. 2. Cooper T.: Med. World News/Cardiovascular Review, 1972, 
P. 31. 3. Gelfand, M. L., and Garber, M.: Exhibit, American College of Cardi- 
ology Meeting, New Orleans, La., Feb. 21-Mar. 1, 1970. 4. Berkowitz, D.: 
J.A.M.A. 218:1002 (Nov. 15) 1971. 5. Zelis, R., et al.: J. Clin. Invest. 49:1007 
(May) 1970. 6. Levy, R. L, and Fredrickson, D. S.: Amer. J. Cardiol. 22:576 
(Oct.) 1968. 
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ATROMID-S® (clofibrate) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 
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Schering Corporation announces 
New 


Direct-Action 


® 






at Iv 
-x JAZOXIDE 


For emergency reduction 
of blood pressure 
in malignant hypertension 





INJECTION 
20 ml ampule 
contains 300 mg 


In hospitalized patients 
when there's pressure 


for immediate control... 


Before prescribing see full product information on back page. 
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A major point of departure 


at I 


SDAZOXDE $% 


A 20ml. 

LV. "push" 

in 30 seconds 

for immediate 
reduction 

of dangerously 

high blood 
pressure 


Promptly relaxes 





` Acts directly 
on "pressure 
points" 
of peripheral 
resistance 


(Artistic representation) 
I 


O 
‘ore prescribing see full product information on back page. 
e. 
















































Reduces diastolic 


pressure quickly — 
often in 1 or 2 
minutes 


HYPERSTAT I. V. Injection combines 

direct-action antihypertensive potency 
and rapid administration for prompt 
and urgent reduction of acce erated 
diastolic pressure. Diastolic pressure 
drops within 5 minutes, often in 1 or 
2 minutes. 

Maximal effects generally follow a 
30-second-or-less I.V. “push” into a 
peripheral vein of a recumbent hos- 
pitalized patient. Slow injection may 
not reduce pressure or may produce 
a brief response. Use of an appro- 

priate diuretic can overcome treat- 

ment failure from increased extra- 
cellular fluid. A second injection is 
given if the first fails to give an 
adequate response in 30 minutes. 
Since repeated administration of 
HYPERSTAT I. V. Injection can 
lead to socium and water reten- 
tion, administration of an appro- 
priate diuretic may be neces- 
sary for both maximal blood 
pressure reduction in patients 
with sodium and water reten- 
tion and to avoid congestive 
failure. 

Hypertensive emergency in 
malignant hypertension is 
usually promptly controlled. 
Treatment of this hyperten- 
sive emergency with 
HYPERSTAT I. V. Injection 

should be limited to a few 
days and a regimen of oral 
antihypertensive medica- 
tion should be instituted 

as soon as pcssible. 

HYPERSTAT I. V. 
Injection is ineffective 

against hypertension 
due to pheochromocy- 
toma. Moreover, the 
drug shoulc not be 
used in compensatory 
hypertension associ- 
ated with aortic 
coarction or arterio- 
venous shunt. 


"after a single 
rapid intravenous in- 
jection cf 300 mg., 
it [HYPERSTAT 
|. V.] promptly re- 
duces biood pres- 

sure usually to 
normal levels," 


Increases 

cardiac output — 
maintains 
coronary, cerebral 
blood flow — 
increased renal 
blood flow after 
initial decrease 


HYPERSTAT I. V. Injection produces a 
prompt reduction in blood pressure by 
relaxing smooth muscle in the peripheral 
arterioles. Cardiac output is increased as 
blood pressure is reduced by diazoxide; 
coronary and cerebral blood flow are 
maintained. Renal blood flow is increased 
after an initial decrease. Diazoxide has no 
known direct action on the central nervous 
system. However, as with any potent anti- 
hypertensive, it should be used with care 
in patients with impaired cerebral or car- 
diac circulation, in whom brief reductions 
in blood pressure might be detrimental. 

Patients refractory to other antihyper- 
tensive agents usually remain responsive 
to HYPERSTAT I. V. Injection. 


“The fall in arterial pressure with 
diazoxide is associated with an increase 
in cardiac output...a decrease in total 
peripheral resistance...and maintenance 
of cerebral blood flow...'? 






References: 1. Gifford, R. W., Jr.: "Drugs For 
Arterial Hypertension" in Modell, W. (ed.): Drugs 
of Choice 1972-1973, St. Louis, The C. V. Mosby 
Company, 1972, p. 391. 2. Finnerty, F, A., Jr., 

et al.: Hypertensive Vascular Disease, The Long 
Term Effect of Rapid Repeated Reductions of 
Arterial Pressure with Diazoxide, Am. J. Cardiol., 
19:377. 1967. 


4 hr. 


Management of 
sodium and 
water retention, 
hypotension and 
hyperglycemia 


Sodium and water retention, hypotension, 
or hyperglycemia may occur with 
HYPERSTAT I. V. Injection therapy. 

Special attention is required for patients 
in whom retention of salt and water may 
present serious problems. In sodium 
retention, possible edema and congestive 
heart failure may be avoided with an 
appropriate diuretic, providing adequate 
renal function exists. The concomitant 
administration of diazoxide with thiazides 
or other commonly used potent diuretics 
may potentiate the hyperglycemic, 
hyperuricemic, and antihypertensive 
effects of diazoxide. 

Infrequent episodes of severe hypoten- 
sion at recommended dosage or occa- 
sional undesirable hypotension from over- 
dosage can usually be controlled with 
sympathomimetic drugs such as nore- 
pinephrine. Failure of blood pressure to 
rise in response to this agent suggests 
that the hypotension may be caused by 
something other than HYPERSTAT I. V. 
Injection. 

Hyperglycemia occurs in the majority 
of patients, but usually requires treatment 
only in patients with diabetes mellitus; 
it will respond to the usual management, 
including insulin. 














More than 1000 cases, 
over 12 years of 
clinical investigation 
in acute hypertensive 
situations support 
HYPERSTAT I.V. 
Injection 

usefulness in 
malignant 
hypertension 


Twelve years of clinical experience with 
HYPERSTAT I. V. Injection confirmed its 
preclinical potential: to exert significant 
antihypertensive action through direct 
effect on peripheral arterioles which 
neither impairs cardiac output nor dimin- 
ishes perfusion of kidneys. 

In over 1000 cases, HYPERSTAT I. V. 
Injection proved useful for emergency 
reduction of blood pressure when prompt 
and urgent decrease of diastolic pressure 
was required. 





Sustains relaxation 
of arteriolar muscle 
with no 





(Artistic Representation) 





4 hrs. 


8 hrs. 


General representation of HYPERSTAT I. V. Injection activity up to 12 hours; individual response varies from patient to patient. 


12 hrs. 
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New. ..for emergency reduction of blood pressure : : 


in malignant hypertension 


INJECTION 
20 ml ampule 
contains 300mg 


erstat 
DIAZOXIDE 


FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 





DESCRIPTION HYPERSTAT I.V. Injection is a rapidly acting antihypertensive agent. Each ampule (20 mi.) 
contains 300 mg. diazoxide, a nondiuretic benzothiadiazine derivative, in a clear, colorless, aqueous 
solution. the pHiis adjusted to approximately 11.6 with sodium hydroxide. Diazoxide is 7-chloro-3-methy!-2H 
1, 2, 4-benzothiadiazine 1, 1-dioxide. 


ACTIONS — HYPERSTAT I.V. Injection produces a prompt reduction in blood pressure by relaxing smooth 
muscle in the peripheral arterioles. Cardiac output is increased as blood pressure is reduced by diazoxide; 
Coronary and cerebral blood flow are maintained. Renal blood flow is increased after an initial decrease, 
Diazoxide has no known direct action on the central nervous system. 

Patients refractory to other antihypertensive agents usually remain responsive to diazoxide. 

Diazoxide is extensively bound to serum protein (7909). The plasma half-life is 28 + 8.3 hours; however, 
the duration of its antihypertensive effect is variable, generally lasting less than 12 hours. Although an 
antihypertensive response has been obtained with slow infusion or injection, in general, a greater 
antihypertensive effect is obtained with rapid intravenous administration. 


INDICATIONS — HYPERSTAT LY. Injection is indicated for the emergency reduction of blood pressure in 
malignant hypertension in hospitalized patients, when prompt and urgent decrease of diastolic pressure is 
required. Treatment with orally effective antihypertensive agents should be instituted as soon as the 
hypertensive emergency is controlled. 

HYPERSTAT I.V. Injection is ineffective against hypertension due to pheochromocytoma. 


CONTRAINDICATIONS — HYPERSTAT LV. Injection should not be used in the treatment of compensatory 
hypertension, sueh as that associated with aortic coarctation or arteriovenous shunt. 

The drug should not be used in patients hypersens;tive to diazoxide or other thiazides, unless the 
potential benefits outweigh the possible risks. 


WARNINGS Usage in Pregnancy: The safety of HYPERSTAT I.V. Injection in pregnancy has not yet been 
established. 

Information is not available concerning the passage of HYPERSTAT in breast milk. However, it is known 
thet diazoxide crosses the placental barrier and appears in cord blood. Like other thiazides, the drug may 
produce fetal or neonatal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism, and 
possibly other adverse reactions that have occurred in adults. 

Usage in Children: The safety of HYPERSTAT 1V. Injection in children has not yet been established. 

Hypotension may occasionally result from the administration of HYPERSTAT L.V. If hypotension severe 
enough to require therapy occurs, it will usually respond to the administration of sympathomimetic 
agents, such as norepinephrine. 

Hyperglycemia occurs in the majority of patients, but usually requires treatment only in patients with 
diabetes mellitus; it will respond to the usual management, including insulin. Therefore, blood glucose 
levels should be monitored especially in patients with diabetes or in those requiring multiple injections of 
diazoxide. Hyperglycemia and hyperosmolar coma associated with transient cataracts developed in one 
infant receiving repeated daily doses of oral diazoxide. The disturbed carbohydrate metabolism was 
successfully treated with insulin. Cataracts have been observed in a few animals receiving repeated daily 
doses of intravenous or oral diazoxide. 

Since diazoxide causes sodium retention, repeated injections may precipitate edema and congestive heart 
failure. This retention responds characteristically to diuretic agents if adequate renal function exists. It 
should be noted that concurrently administered thiazides may potentiate the antihypertensive, 
hyperglycemic, and hyperuricemic actions of diazoxide (See Drug Interactions). 

Since increased volume of extracellular fluid may be a cause of treatment failure in nonresponsive 
patients, it may be advisable to reduce this increased volume by means of a diuretic agent. 

Although no evidence of excessive anticoagulant effects has been reported, patients, especially those who 
are hypoalbuminemic and receive HYPERSTAT I.V. Injection and coumarin or its derivatives, may require 
reduction in dosage of the anticoagulant (See Drug Interactions). 


PRECAUTIONS — HYPERSTAT (diazoxide) I.V. Injection is a potent antihypertensive agent requiring close 
monitoring of the patient's blood pressure at frequent intervals. Its administration may occasionelly cause 
hypotension requiring treatment with sympathomimetic drugs. Therefore, adequate facilities to treat such 
untoward reactions should be available when HYPERSTAT LV. Injection is used. 

HYPERSTAT I.V. Injection should be administered only into a peripheral vein. Because the alkalinity of the 
solution is irritating to tissue, extravascular injection or leakage should be avoided; subcutaneous 
administration has produced inflammation and pain without subsequent necrosis. If leakage into 
subcutaneous tissue occurs, the area should be treated conservatively. 

Maximal antihypertensive effects occur after rapid administration (within 30 seconds) into the vein; a 
slower injection may fail to reduce blood pressure or produce a very brief response. 

As with any potent antihypertensive agent, HYPERSTAT I.V. Injection should be used with care in patients 
who have impaired cerebral or cardiac circulation, that is, patients in whom abrupt and brief reductions in 
blood pressure might be detrimental. 

Special attention is required for patients with diabetes mellitus and those in whom retention of salt and 
water may present serious problems (See Warnings). Nondiabetic patients may have a transient, reversible, 
and clinically insignificant increase in blood glucose following HYPERSTAT LV. Injection. 

Since peritoneal dialysis or hemodialysis can reduce levels of diazoxide in the blood, patients undergoing 
dialysis may require more than one injection. 


ADVERSE REACTIONS 

Frequent and serious adverse reactions: Sodium and water retention after repeated injections, 
especially important in patients with impaired cardiac reserve; hyperglycemia frequently requiring 
treatment in diabetic patients, especially after repeated injections. 

Infrequent but serious adverse reactions Hypotension to shock levels; myocardial and/or cerebral 
ischemia, usually transient but possibly leading to thrombosis and manifested by angina, atrial and 
ventricular arrhythmias, and marked electrocardiographic changes; unconsciousness, convulsions, 

tovs or confusion; persistent retention of nitrogenous wastes after repeated injections; sensitivity 
reactions, such as rash, leukopenia, and fever 

Other adverse-reactions: Nausea, vomiting, and/or abdominal discomfort; vasodilative phenomena, 
such as flushing, generalized or localized sensations of warmth, headache (sometimes throbbing), and 
sweating; orthostatic hypotension, lightheadedness, and weakness of short duration; supraventricular 
tachycardia and paipitation; transient hyperglycemia in nondiabetic patients; transient retention of 
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In hospitalized patients 
when there’s pressure 
for immediate control 


nitrogenous wastes; nonanginal “tightness in the chest"; warmth or pain along the injected vein; cellulitis 
without sloughing and/or phlebitis at the site of extravasation; anorexia and alteration of taste; ileus; 
bradycardia; back pain; chest discomfort; dyspnea, choking sensation; apprehension or anxiety, malaise, 
and blurred vision occurred on single occasions; parotid swelling, salivation, lacrimation; ringing in the 
ears; diarrhea and constipation; increased nocturia; euphoria. 


DRUG INTERACTIONS Since diazoxide is highly bound to serum protein, it may displace other substances 
or drugs which are also bound to protein, such as bilirubin or coumarin and its derivetives. These 
potential interactions must be considered when administering HYPERSTAT (diazoxide) I.V. Injection. The 
concomitant administration of diazoxide wit? thiazides or other commonly used potent diuretics may 
potentiate the hyperglycemic, hyperuricemic and antihypertensive effects of diazoxide. 


OVERDOSAGE Overdosage of HYPERSTAT (diazoxide) 1.V. Injection may cause an undesirable hypotension, 
Usually, this can be controlled with sympathomimetic agents, such as norepinephrine; tailure of the blood 
pressure to rise in response to such an agent suggests that the hypotension may have been caused by 
something other than diazoxide. Excessive hyperglycemia resulting from overdosage will respond to 
conventional therapy of hyperglycemia. 

Diazoxide may be removed from the blood by peritoneal dialysis or hemodialysis. 


ANIMAL PHARMACOLOGY AND TOXICOLOGY In studies involving a number of species, including the rat, 
cat, dog, and monkey, diazoxide has been shown to exert significant antihypertensive actions through its 
direct effect on peripheral arterioles, which neither impairs cardiac function nor seriously diminishes 
perfusion of kidneys. In addition, in each species tested, including the rat, daz, and monkey, diazoxide 
elicits hyperglycemia, increased serum-free fatty acids and decreased plasma insulir levels bya 
mechanism thought to involve both suppression of insulin release and enhanced catecholamine action. 

Although the data are not conclusive, reprcduction and teratology studies in several species of animals 
indicate that diazoxide, when administered during the critical period of embryo formation, may interfere 
with normal fetal development, possibly through altered glucose metabolism.Parturition was 
occasionally prolonged in animals treated at term. 


DOSAGE AND ADMINISTRATION HYPERSTAT I.V. Injection is administered undiluted and rapidly by 
intravenous injection to ensure maximal effect. It should only be given into a peripheral vein. Do not 
acminister it intramuscularly, subcutaneously, or into body cavities. Avoid extravasation of the drug into 
subcutaneous tissues. 

The response to HYPERSTAT L.V. Injection varies from patient to patient. Generally, blood pressure 
decreases within five minutes, often within ore to two minutes, to the lowest level ach:eved. The blood 
Pressure increases relatively rapidly in the next ten to 30 minutes, and then more slowly over the following 
two to 12 hours, nearly reaching but rarely exceeding the pretreatment level. The response to successive 
injections is frequently better than that to the initial injection. 

Treatment of hypertensive emergencies with HYPERSTAT I.V. Injection should be limited to a few days and a 
regimen of oral antihypertensive medications should be instituted as soon as possible. 

With the patient recumbent, the contents of one 20 ml ampule containing 300 mg. af HYPERSTAT I.V. 
Injection are administered intravenously in 30 seconds or less. Dilution and administration by infusion or 
slaw injection may fail to reduce the blood pressure or may produce an exceedingly short response. 

Specific dosage is required in children or in unusually large or small patients. This dosage may be 
calculated on the basis of 5 mag./kg. body weight (0.3 ml./kg.) (See Warnings). 

å second administration of HYPERSTAT LV. Injection may be required for a satisfactory reduction in blood 
pressure, if the first injection fails to give an adequate response within 30 minutes. 

Repeated administration of HYPERSTAT | V. Injection at intervals of four to 24 hours usually will maintain 
the blood pressure below pretreatment levels until a regimen of oral antihypertensive medication becomes 
effective. The interval between injections may be adjusted by the duration of the resporse to each injection. 
It is usually unnecessary to continue treatmen: with HYPERSTAT I.V. Injection far more than four to five days. 

Following the use of HYPERSTAT I.V. Injection, the blood Pressure should be monitorec closely until it has 
stabilized. Thereafter, measurements taken hourly during the balance of the effect will indicate any unusual 
response. A further decrease in blood pressure at 30 minutes or more after injection should be investigated 
for causes other than the action of HYPERSTAT I.V. Injection. It is preferable that the patient remain 
recumbent for half an hour after injection. in ambulatory patients, the blood pressure should be measured 
wita the patient standing before surveillance is ended. 

Since repeated administration of HYPERSTAT LV. Injection can lead to sodium and water retention, 
administration of a diuretic may be necessary both for maximal blood pressurereduction and to avoid 
congestive failure. 


HOW SUPPLIED HYPERSTAT I.V. Injection is suaplied in a 20 ml. ampule containing diazoxide 300 mg. in a 
clear, colorless aqueous solution; box of one ampule. 
Protect from light and freezing. 


Store away from heat. DECEMBER 1972 


20 ml. 
in 30 seconds 
for direct action 








Schering Corporation 
Bloomfield, N. J. 07003 
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* Indications: Based on a review of this drug 
by the National Academy of Sciences—Na- 
tional Research Council and/or other infor- 
mation, FDA has classified the indication as 
follows: 

“Probably” effective: When taken by the 
sublingual route, Isordil Sublingual is indi- 
cated for the treatment of acute anginal 
attacks and for prophylaxis in situations 
likely to provoke such attacks. 

Final classification of the less-than-effective 
indications requires further investigation. 


Rest 
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TPR (dynes sec cm-5) 


100 


100 200 300 400 500 600 
0; Cons (ml /min/M?) 


Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may 
occur. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- ' 
hance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information 
and/or professional samples? 
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To “switch off’ the aldosterone factor in 


congestive heart failure 


Aldactone 


brand of 


spironolactone 25-mg. tablets 


the only specific 
aldosterone antagonist... 
basic in all diuretic therapy 


Three waysto use Aldactone in 
congestive heart failure 


1. As the only diuretic 

m Often sufficient alone. 

= E Produces gradual, sustained diuresis by 
blocking aldosterone action in the distal 
renal tubule. 

B Avoids potassium loss. 


2. As the basic daily diuretic with an "add-on" 
alternate-day-diuretic ("A.D.D." schedule) 
= Can be administered daily as basic 
therapy with the additional agent 
(furosemide or ethacrynic acid) given 
every second or third day. 

= Aldactone plus "A.D.D." schedule 
minimizes potassium deficiency and 
potentiates effect of "add-on" diuretic.” 

m Avoids acute volume depletion and 
aldosterone rebound.’ 


3. Asa daily diuretic in combination with 
a daily dose of a thiazide 

= Permits daily additive diuretic effect 
while maintaining potassium balance. 


Indications—Essential hypertension; edema or ascites of congestive heart fail- 
ure, cirrhosis of the liver and the nephrotic syndrome; idiopathic edema. Some 
patients with malignant effusions may benefit from Aldactone (spironolactone), 
particularly when given with a thiazide diuretic. 

Contraindications —Acute renal insufficiency, rapidly progressing impairment of 
renal function, anuria and hyperkalemia. 

Warnings—Potassium supplementation may cause hyperkalemia and is not in- 
dicated unless a glucocorticoid is also given. Discontinue potassium supplemen- 
tation if hyperkalemia develops. Usage of any drug in women of childbearing age 
requires that the potential benefits of the drug be weighed against its possible 
hazards to the mother and fetus. 

Precautions—Patients should be checked chal since electrolyte imbalance 
may occur. Although usually insignificant, hyperkalemia may be serious when 
renal impairment exists; deaths have occurred. Hyponatremia, manifested by dry- 
ness of the mouth, thirst, lethargy and drowsiness, together with a low serum 
sodium may be caused or aggravated, especially when Aldactone is combined with 
other diuretics. Elevation of BUN may occur, especially when pretreatment hyper- 
azotemia exists. Mild acidosis may occur. Reduce the dosage of other antihyper- 
tensive drugs, particularly the ganglionic blocking agents, by at least 50 percent 
when adding Aldactone since it may potentiate their action. 

Adverse Reactions—Drowsiness, lethargy, headache, diarrhea and other gastro- 
intestinal symptoms, maculopapular or erythematous cutaneous eruptions, urti- 
caria, mental confusion, drug fever, ataxia, gynecomastia, inability to achieve or 
maintain erection, mild androgenic effects, including hirsutism, irregular menses 
and deepening voice. Adverse reactions are infrequent and usually reversible. 

and Administration—For essential hypertension in adults the daily 
dosage is 50 to 100 mg. in divided doses. Aldactone may be combined with a 
thiazide diuretic if necessary. Continue treatment for two weeks or longer since 
an adequate response may not occur sooner. Adjust subsequent dosage according 
to response of patient. 

For edema, ascites or effusions in adults initial daily dosage is 100 mg. in 
divided doses. Continue medication for at least five days to termine diuretic 
response; add a thiozide or organic mercurial if adequate diuretic response hos 
not occurred. Aldactone dosage should not be changed when other therapy is 
added. A daily dosage of Aldactone considerably greater than 75 mg. may be given 
if necessary. 

A glucocorticoid, such as 15 to 20 mg. of prednisone daily, may be desirable 
for patients with extremely resistant edema which does not respond adequately to 
Aldactone and a conventional diuretic. Observe the usual precautions applicable 
to glucocorticoid therapy; supplemental potassium will usually be necessary. Such 
patients frequently have an associated hyponatremia—restriction of fluid intake to 
1 liter per day or administration of mannitol or urea may be necessary (these 
measures are contraindicated in patients with uremia or severely impaired renal 
function). Mannitol is contraindicated in patients with congestive heart failure, and 
urea is contraindicated with a history or signs of hepatic coma unless the patient 
is receiving antibiotics orally to "'sterilize" the gastrointestinal tract. 

Glucocorticoids should probably be given first to patients with nephrosis since 
Aldactone, although useful for diuresis, will not directly affect the basic pathologic 
process. 

For children the daily dosage should provide 1.5 mg. of Aldactone per pound 
of body weight. 

References: 1. Coodley, E.: Consultant 12:106-107, 109, 111, 113, 115 (July) 
1972. 2. Thorn, G. W., ond Lauler, D. P.: Am. J. Med. 53:673-684 (Nov.) 1972. 
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)| Approximately 900 pages, 150 illustrations. 
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Yorke Medical Books 
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New York, New York 10019 


Send me, postage paid, ^ copies of 
Laragh's Hypertension Manual: Mechanisms, 
Methods & Management at the Special Pre- 
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Edited by John H. Laragh, M.D., of the 
College of Physicians and Surgeons, 
Columbia-Presbyterian in New York. 

A classic treatise for understanding, 
diagnosing anc treating hypertensior 


Chapters by: 


C] John Laragh cn The Renin System in Cau- 
sation and on Evaluation of Hypertensive 
Patients. 








O Sir George Pickering on Definitions, Natu- 
ral Histories and Consequences. 

O Louis Tobian cn Experimental Mechanisms 

O Arthur Guyton on Control Mechanisms 

O Edward Freis on Why, When, and How to 
Treat. 

O Edward Biglieri on Diagnosis of Adrenocor- 
tical Hypertension 

O Harriet Dustan on Hemodynamic 
Mechanisms 

Cj Jay Cohn on Hypertension and the Heart 

O Hans Brunner on Renin as a Risk Factor 

Partial list of contributors: 

John H. Laragh J. C. Hunt 

Sir George Pickering F. R. Buhler 

E. A. Lew E. G. Biglieri 

E. D. Freis D. R. LaBarthe 

H. R. Brunner K. Engelman 

A. C. Guyton J. E. Sealey 

L. Tobian, Jr. C. R. Ayers 

H. P. Dustan J. A. Wilber 

J. N. Cohn J. Koch-Weser 

V. DeQuattro P. Kincaid-Smith 

J. Giese F. A. Finnerty 

A. R. Christlieb E. D. Vaughan 

A. F. Lever 


Dr. Laragh's Hypertension Manual will un- 
doubtedly become the standard reference 
work in Hypertension. It is now being offered 
at a special pre-publication price of $28.00. 
After October 1973, the price will be $30.00. 
Use the attached card to place your order. This 
is the first in a series of Yorke Medical Books— 
from the publishers of The American Journal 
of Cardiology, The American Journal of Medi- 
cine, The American Journal of Surgery, and 
Cutis. 


Even Sherlock Holmes 
would envy the deductive 
ability of this unique 
cardiac care product. 

The Medisystems™ Cardiac 
Analyzer. A complete 
arrhythmia detection 
system for the ICU/CCU. 
Conventional cardiac 
monitoring products are 
limited to detecting only 
ventricular arrhythmias. 
The Medisystems™ 
Cardiac Analyzer is an 
unprecedented innovation . 
designed to detect and 
analyze all arrhythmias 
and conduction defects. 


How does it work? 

The Medisystems™ Cardiac 
Analyzer contains an 
electronic processor 
which automatically and 
continuously evaluates 
the heart's electrical 
activity. When an 
abnormality is detected, 
an audible alarm is 
sounded and a series of 
indicator lamps show 


Unique features 


eliminate repetitive 









The Medisystems™ Hospital 
Cardiac Analyzer is 
available in single units 
(Model 300HS) for the 
individual patient or in 
console form (Model 400HC) 
for multiple patients. 
Versatility permits 
transmission of patient 
signals by telemetry or 
hard-wiring. 

For additional information 

or literature, phone or write: 


ai». MEDISYSTEMS™ 


which normal ECG and false alarms. i from Mediscience 
parameters have been- required for installation The Automatic Edit Technology Corp. 
exceeded. A self-contained is a table or counter and reduces annoying 25 Lees Avenue 

strip recorder then prints Installation is simple, 110 volt electrical repetitive alarms from Collingswood, N.J. 08108 
out the data stored inthe inexpensive and fast. service. Costly recurring arrhythmias. (609) 858-8811 

unit’s Electronic Memory Elementary? Just about. elaborate construction The equipment also (P.S. If Dr. Watson answers, 
Bank..Case solved. In fact, all that's is unnecessary. discriminates artifacts. hang up and dial again.) 
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Keeps low-sodium patients 
from cheating themselves. 


Most salt substitutes have an unpleasant metallic aftertaste. 
Not Adolph's. It really seasons like salt. It's granulated, too. Comes 
in a shaker bottle. So it looks and sprinkles like salt. The flavor won't 
fade in cooking, either. And it contains mono-potassium glutamate 
to enhance the natural flavor of food. 

Adolph's Salt Substitute contains less than 1 mg. of sodium per 
teaspoon, and it's a valuable source of supplemental potassium. 

It's sold at food stores in two varieties — V 

Regular: Potassium chloride, glutamic acid, mono-potas- Wdolphs. 





sium glutamate, silicon dioxide, tartaric acid, potassium 

iodide .01%. 

Seasoned: Potassium chioride, sugar, spices, mono-potas- SALT 
sium glutamate, glutamic acid, silicon dioxide, tartaric acid, SUBSTITUTE 
vegetable oil. 


For free physician’s samples, write to Adolph's Ltd., P.O. Box 


828, Dept. SM, Burbank, California, 91503. 








ASA 


for clinical 
applications 


€ Designed for clinical O.R. 
or cath lab use 


€ Easily applied handle- 
type probe 


€ Patient safety assured 
through isolation circuitry 


€ Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 





Biotronex La 


for 
clinical 
applications 


* Convenient, handle-ty pe 
probe with positive 
capture slide 


* Designed for O.R. and 
cath lab use 


© For rapid analysis of 
flow through exposed 
blood vessels 


9 Use with Biotronex 
clinical blood flowmeter 





FLOW 
PROBES 


bypass '* 
applications 


® Use with heart-lung 
machine, artificial kidney 
or similar systems 


* Iron core construction 
provides high sensitivity 
and accuracy 

@ Operates with BLI 


research and clinical 
blood flowmeters 


@ Available in sizes to fit 
most tubing 





boratory, BC. — ois Brookville Road Silver Spring, Maryland 20910 Phone: 301/588-6400 
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For Mazola facts and figures, write: Nutrition Informatio! < 
Also available free for patients beginning a restricted 


A special offer for new subscribers 
to the world renowned "Green Journal" 


THE AMERICAN JOURNAL OF MEDICINE 


14 issues for the price of a regular one 
year (12 issues) subscription 


Editor 
Arthur J. Antenucci, M.D. 


Associate Editor 
William J. Grace, M.D. 


Recognition of the esteem the "Green Jour- 
nal" has achieved in the physician's continu- 
ing education is attested to by its circulation 
of 28,000, by far the largest cf any independ- 
ent, internal medicine journal. 


Take advantage of this special introductory 
offer now. Use order form below. 





THE AMERICAN JOURNAL OF MEDICINE 
666 Fifth Avenue, New York, N.Y. 10019 


Enter my subscription to THE AMERICAN JOURNAL 
OF MEDICINE for 14 issues effective with the cur- 
rent issue—but | pay only $18.00, the one year 
(12 issues) rate. 

(Canada, $19.00; Foreign, $25.00) 


O Payment enclosed o Bili me 


Name 





Address 





City State Zip Code 


My Specialty is: 





A Yorke Medical Journal—Dun.Donnelley Publishing Corp. 


The unique ? 


Kato Powder 


potassium chloride supplement 
with the natural 
tomato juice flavor 


Description: Spray-dried tomato powder containing 20 mEq 
potassium (equivalent to 1.5 Gm KCl) per measured dose with natural 
and synthetic flavors, spices and colors. Benzoic acid and potassium 
benzoate added as preservatives. When reconstituted as directed, makes 
a pleasantly flavored, low sodium tomato juice drink 

Indications: The prevention or correction of potassium deficit, 
particularly when accompanied by hypochloremic alkalosis in conjunc- 
tion with thiazide diuretic therapy, in digitalis intoxication, or as the 
result of long-term corticosteroid therapy, low dietary intake of potas- 
sium, Or excessive vomiting or diarrhea. 

Contraindications: Potassium is contraindicated in severe renal 
impairment involving oliguria, anuria or azotemia; in untreated Addi- 
son's disease, adynamia episodica hereditaria, acute dehydration, heat 
cramps, hyperkalemia from any cause 

Precautions: Kato Powder is a concentrate and should be taken only 
after reconstituting with water as directed. Do not use in patients with 
low urinary output or renal decompensation. Administer with caution; 
it is impossible accurately to assess the extent of potassium depletion, or 
the daily dose required. Excessive dosage may result in potassium intoxi- 
cation. Frequent checks of the clinical status of the patient, ECG and/or 


- plasma potassium level should be made. High plasma concentrations 


of potassium ion may cause death through cardiac depression, arrhyth- 
mias or arrest. Use with caution in patients with cardiac disease. 
Adverse Reactions: Vomiting, diarrhea, nausea, and abdominal 
discomfort may occur. Gross overdosage may producc signs and symp- 
toms of potassium intoxication: mental confusion, listlessness, pares- 
thesia of the extremities, wcakness and heaviness of legs, flaccid 
paralysis, hyperkalemia, ECG abnormalities, fall in blood pressure, 
cardiac arrhythmias and heart block. The characteristic changes in the 
ECG are disappearance of the P wave, widening and slurring of QRS 
complex, changes of the S-T segment, tall pcaked T waves, etc. 
Toxicity: Potassium intoxication may result from overdosage of 
potassium or from therapeutic dosage in conditions stated under 
“Contraindications’’ Hyperkalemia, when detected, must be treated 
immediately because lethal levels can be reached in a few hours. 
Treatment of Hyperkalemia: |. Dextrose solution 10% or 25% 
containing 10 units of crystalline insulin per 20 Gm dextrose, given I.V. 
in a dose of 300cc to 500cc in an hour. 2. Adsorption and exchange of 
potassium using sodium or ammonium cycle cation exchange resin, 
orally or as retention enema. 3. Hemodialysis or peritoneal dialysis. 

4. Elimination of potassium-containing foods and medicaments. 
Warning: Digitalis toxicity can be precipitated by lowering the plasma 
potassium concentration too rapidly in digitalized patients 
Administration and Dosage: Mix with water to make a pleasant 
tomato juice drink. The unit dose packet and the dose-measure supplicd 
in the can each provide 20 mEq of potassium. Usual adult dose—1 packet 
or | measure of Kato Powder mixed with about 2 ounces of water 

twice daily—supplies 40 mEq potassium per day. Take with meals or 
follow with '% glass of water. Larger doses may be required, but should 
be administered under close supervision because of the possibility of 
potassium intoxication. 

How Supplied: 





8 oz can (40 doses) with 20 mEq dose-measure. 


Ingram Pharmaceutical Company / San Francisco, Ca 94111 
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Kato Powder is KCl 
blended with natural 
tomato powder and subtle 
spices. Mixed with a mere 
2 ounces of cold water, 

it provides a dose of 
potassium chloride in a 
good tasting low sodium 
tomato juice drink. 
Refreshingly different. 
Patients take it and like it! 
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«assured tablet content uniformity” 


predictable patient response... 
«proven biologic availability" 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
has developed. 

Precautions: |f the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diséases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
1s an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those: occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

j lf necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 5% dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI — 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 5% dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5 mg. (green) scored, in bottles of 100 and 1,000. 
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The occurrence, prognosis and characteristics of persons with non- 
fatal unrecognized myocardial infarction were studied prospectively 
in a population of 5,127 men and women followed up biennially for 
18 years. 

Of 259 electrocardiographicaly documented myocardial infarc- 
tions, 60 (23 percent) were discovered only by routine electrocar- 
diogram at the time of biennial examination. Of these unrecognized 
infarctions, 32 (53 percent) were actually silent. In the other 47 per- 
cent of cases, the patients gave a history of interim symptoms 
judged to be compatible with acute infarction. In addition, of the 32 
patients judged to have a silent infarction, 22 reported interim ill- 
nesses that could have been compatible with myocardial infarction. 
Only 10 of the 60 patients (17 percent) reported no interim illnesses 
or symptoms. Of the 28 patients with symptomatic infarction, 6 (21 
percent) did not visit their physician despite severe symptoms; 20 
gave a history of interim chest pain, 1 a history of epigastric pain 
and 7 a history of severe dyspnea. Patients who subsequently had 
unrecognized myocardial infarction typically visited physicians infre- 
quently. 

Unrecognized myocardial infarction was distinctly rare in patients 
with prior angina pectoris. Patients with prior diabetes or high blood 
pressure appeared more likely to have unrecognized infarction. 
Unrecognized myocardial infarction appears to be as prevalent in the 
1970's as it was in the 1950's. The reasons for this prevalence and 
possible solutions to the problem are discussed. 


In the total clinical spectrum of myocardial infarction there is a 
group of infarctions that go unrecognized by both patient and physi- 
cian. In Framingham, Mass., where a population of men and women 
have been followed up prospectively with biennial cardiovascular ex- 
aminations and routine periodic electrocardiograms, there has been a 
unique opportunity to analyze the natural history of this subclinical 


> \manifestation of coronary heart disease. 
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Because of the striking prevalence of unrecognized 
myocardial infarction in Framingham, and the dis- 
turbing prognosis suggested by the 43 cases dis- 
covered during the first 14 years of the study,!:? the 
problem was reexamined after 4 additional years of 
follow-up study. Seventeen new cases were discovered 
during this 4 year period, and the data were subjected 
to detailed clinical analysis in an effort to discover 
why these infarctions go unrecognized. 


Methods 


The subjects of the study are 60 patients with unrecog- 
nized myocardial infarction documented by electrocardio- 
gram and a like number of age-matched control subjects 
derived from 18 years of follow-up study of 5,127 men and 
women, aged 30 to 62 at entry and initially free of coro- 
nary heart disease. The 60 patients are a subsample of a 
group of 259 patients with electrocardiographically docu- 
. mented myocardial infarction occurring during the 
18 year follow-up study. The details of follow-up methods, 
the diagnostic criteria for myocardial infarction and ex- 
amples of electrocardiographic evidence accepted have been 
published elsewhere.!-9 Essentially, these cases have been 
selected from a group of patients with unequivocal Q wave 
changes indicating infarction. They do not include cases 
of myocardial infarction diagnosed by other means, coro- 
nary insufficiency or out-of-hospital death. 

An unrecognized myocardial infarction was designated 
as such when a routine biennial electrocardiogram demon- 
strated (in comparison to previous tracings) unequivocal 
evidence that myocardial infarction had occurred during 
the previous 2 years although the history indicated that 
neither the patient nor his physician had entertained the 
possibility of a heart attack. i 

Assessment for a histery of myocardial infarction was 
routinely made in a structured interview without knowl- 
edge of the electrocardiographic findings. After electrocar- 
diographic evidence of an interim infarction had been dis- 
covered, the subject was not reinterviewed for a history of 
infarction (in order to avoid suggesting symptoms). Elec- 
trocardiograms were interpreted without knowledge of the 
history. 

Patients with unrecognized myocardial infarction were 
elassified as having “symptomatic” or “silent” infarction 
on the basis of whether or not they reported an illness 
compatible with acute myocardial infarction during the 2 
years before the biennial examination at which the infarc- 
tion was discovered. This information was obtained from 
the history recorded at the time of that biennial examina- 
tion. Patients were included in the group with symptom- 
atic infarction only when they reported a distinct illness 
with onset in the previous 2 years, and only when such an 
illness was thought to be of a kind that could represent 
acute infarction. Patients with vague complaints and 
those whose symptoms had been reported on previous ex- 
aminations were considered to have silent infarction. A 
panel of 3 investigators determined whether a history was 
compatible with myocardial infarction. To test the speci- 
ficity of such a determination, the interim histories from a 
series of age-matched control subjects were reviewed in a 
blinded manner at the same time. 

Whether or not a subject visited a physician, and for 
what reasons, was routinely recorded in the interim histo- 
ry taken at the time of each biennial examination. By re- 
view of these histories it was possible to determine the 
likelihood of a subject’s visiting a physician during a 2 
year interval between examinations, thus providing a 
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measure of a group’s tendency to seek medical advice. 
This determination was made at an early examination 
(biennial examination 3) at a time when both patients 
and control subjects were presumably free of coronary 
heart disease. The records of patients and control subjects 
were reviewed—again in a blinded manner—to determine 
whether a physician had been visited between examina- 
tions 2 and 3. Patients whose unrecognized myocardial in- 
farction was discovered before examination 3, and their 
corresponding control subjects, were excluded from this 
determination. Patients and corresponding control 
subjects who did not take examination 3 were also exclud- 
ed. 

Autopsy examination of the heart in all subjects who 
died in the course of the study might provide a more com- 
plete estimate of the incidence of unrecognized infarc- 
tions. Consistent with most studies of autopsy material, a 
high proportion (about 1 in 3) of myocardial infarctions 
demonstrated at necropsy were unrecognized during life. 
However, in our study only about 35 percent of subjects 
who died underwent autopsy, and some of the remote in- 
farctions may have antedated the subject’s entry into the 
study. 


Results 


During the first 18 years of surveillance of the 
Framingham cohort, 259 patients presented with 
myocardial infarction—documented by at least elec- 
trocardiographic evidence—as the initial manifesta- 
tion of coronary heart disease other than angina pec- 
toris. Unrecognized infarction comprised nearly a 
fourth (23 percent) of these electrocardiographically 
documented infarctions. The proportion of unrecog- 
nized infarctions did not appear to vary with age or 
the electrocardiographie location of the infarct. 
When compared to recognized infarction, the unrec- 
ognized infarction would presumably be milder and 
have a better prognosis. This was not the case. When 
patients with unrecognized myocardial infarction 
were compared with those with recognized infarction 
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FIGURE 1. Excess of symptomatic patients in group with infarc- 
tion over control group is significant (P <0.05). Interim histories 
of patients vs. age-matched control subjects were reviewed bya 
panel of 3 investigators for illness compatible with acute myocar- 
dial infarction. 
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TABLE | 


Symptoms Associated with Symptomatic Type of 
Unrecognized Myocardial Infarction: 21 Men and Women, 
Framingham Study 


T MUR MEM ALL nn 


Symptom no. of Cases 
TED ge) ORNATUS PEE tuber ee es 
Chest pain t 20 
Atypical 10 
Classic myocardial infarction* 3 
New angina pectoris} T 
Epigastric pain 1 
Dyspnea BE 
Only 1 
Acute pulmonary edema 1 
Congestive heart failure 
without pulmonary edema 5 
Total 28 


E Cu L L a ui Ue 

* Defined as pain of more than 15 minutes’ duration thought 
to be indicative of coronary artery disease by 2 independent 
observers. 

+ Defined as chest discomfort of brief duration, brought on by 
exertion and relieved by rest and thought to represent angina 
pectoris by2 independent observers. 

į Two postoperative. 


who had survived 1 year (and therefore were on 
equal footing with the unrecognized group), subse- 
quent survival rates were found to be the same. 
These findings have been published in more detail 
elsewhere.? 

Incidence: The proportion of myocardial infarc- 
tions that go unrecognized has not changed through 
the years. After 8 years of follow-up study, 15 of 73 
(20.5 percent) electrocardiographically documented 
infarctions were unrecognized.! After 14 years of fol- 
low-up study, unrecognized myocardial infarction 
accounted for 43 of 187 (23.0 percent) electrocardi- 
ographically documented infarctions.* Between the 
14 and 18 year follow-up periods, 17 of 72 (23.6 per- 
cent) infarctions were unrecognized. Although the 
proportion of unrecognized infarctions appears to be 
increasing, chi square analysis of the difference be- 
tween these groups yields extremely low numbers for 
x2—thereby indicating that the populations are es- 
sentially the same. 

Fifty-three percent of patients with electrocardi- 
ographically documented unrecognized myocardial 
infarction reported no interim illness that could be 
attributed to their infarct; that is, their infarct was 
clinically silent (Fig. 1). The remaining patients de- 
scribed an illness that may well have been the clini- 
cal equivalent of the electrocardiographic findings. 
These patients comprised the symptomatic group. 


*In reviewing the 14 year follow-up data 1 case was thought 
not to represent an unequivocal Q wave myocardial infarction 
and was deleted from the series. Since this was originally clas- 
sified as an unrecognized myocardial infarction, the correct 14 
year prevalence rate is 43/187, rather than the published 44/ 
188.2 


Symptomatic group: Of the 28 patients in the 
symptomatic group, 20 reported chest pain, 1 epigas- 
tric pain and 7 dyspnea (Table I). This is a symptom 
spectrum not unlike that found in typical unrecog- 
nized myocardial infarction. Only 3 patients gave a 
history classic for myocardial infarction. As expected 
(Table I), angina pectoris and congestive heart fail- 
ure of new onset were not uncommon harbingers of 
unrecognized myocardial infarction (although, as 
discussed later, the fraction of infarctions that go 
unrecognized is lower in persons with known angi- 
na). Six of 28 patients in the symptomatic group 
never visited a physician, although they reported an 
interim illness severe enough to be judged compat- 
ible with acute myocardial infarction. Since 27 per- 
cent of an apparently healthy control population 
(Fig. 1) reported similar illnesses, it is likely that not 
all the illnesses reported by the symptomatic group 
actually represented infarction. 

Silent group: Of the 32 patients in the group with 
silent infarction, 22 reported symptoms or illnesses 
that could have conceivably represented infarction, 
but the symptoms were either too vague or too 
chronic in nature to permit inclusion of these pa- 
tients in the group with symptomatic infarction. 
Eight patients in the group with silent infarction had 
apparently uncomplicated major surgery during the 
2 years before discovery of their infarction. 

Visits to physician before discovery of myocar- 
dial infarction: Thirty percent of the subjects with 
electrocardiographically documented unrecognized 
myocardial infarction made no visit to a physician 
during the 2 years preceding the examination at 
which the electrocardiogram first showed an infarc- 
tion (Table II). There was no significant difference in 
the proportion of patients reporting such a visit in 
the groups with symptomatic and silent infarction. 

A tabulation was made of the likelihood of a 
subject's visiting a physician in the 2 year interval 
between routine examinations, at a time when the 
subject was presumably free of coronary heart dis- 


TABLE Il 


Patient Visits to a Physician During the 2 Years Before the 
Discovery of the Electrocardiographically Documented 
Myocardial Infarction: 60 Men and Women, Framingham 
Study 


[DNE ar H 


Physician No Physician 
Visit* Visitt Total 
a eS Se eh ne S E 
Symptomatic 22 (79%) 6 (21%) 28 
Silent 20 (63%) 12 (37%) 32 
Total 42 (70%) 18 (30%) 60 


HERUM V ae ee Pa eS a. 

* Number of patients reporting at least 1 visit to their physician 
during the interim before the infarction. 

+ Number of patients reporting no visit to their physician 
during the interim before the infarction. 

The difference in visits between patients with symptomatic 
and silentinfarction was not significant (P <0. 10). 


July 1973 The American Journal of CARDIOLOGY Volume32  *3 


UNRECOGNIZED MYOCARDIAL INFARCTION—MARGOLIS ET AL. 


TABLE III 


Likelihood of Subject’s Visiting a Physician During Interim 
Between Biennial Examinations 
A M UN M WRITER NUN eH ot etui 
Patients with 
Unrecognized Infarction 





Physician No Physician 


Visit Visit Total 
VIP UM 18 EX EL e VERS AD Dine SL enu AC On M MPO 
Pobtrols Physician visit 18 14 32 
No physician visit 2 7 9 
Total 20 21 41 


TII mo EE Ee) OS Sa ENTIRE eS eee 
1. Patient's report of visits to physician at third biennial exam. 
2. Excludes cases of unrecognized myocardial infarction (and 
their corresponding control subjects) whose electrocardio- 
graphically documented myocardial infarction occurred before 
examination 3, and those who did not take that examination. 
3. McNemar test of association: x? = 7.56 (0.005 < P< 0.01). 


ease. A paired comparison of cases and controls was 
then made. Subjects who subsequently had an unrec- 
ognized myocardial infarction appeared to visit 
their physicians less often than other people of simi- 
lar age and sex, and the difference was statistically 
significant (McNemar test: x? = 7.56, 0.005 < P< 
0.01) (Table III). This trend is particularly striking 
since persons who subsequently have an infarction 
would be expected to visit their physicians more 
often because of associated diabetes and high blood 
pressure, conditions usually associated with routine 
visits to a physician. 

Comparison of Tables II and III gives the impres- 
sion that patients with unrecognized myocardial in- 
farction may have visited their physician no more 
often during the 2 years before the discovery of their 
infarction than they would have been expected to do 


TABLE IV 


Physician Visits by Patients with Electrocardiographicaily 
Documented Unrecognized Myecardial Infarction: Interim 
When Free of Coronary Heart Disease vs. Interim Before 
Discovery of Myocardial Infarction 
Sg See CA CD ee oS ee Pe US MN E S 
Between Examinations 
2 and 3 


No 
Physician Physician 
Visit Visit Total 





In interim before 


discovery of Physician visit 15 17 32 
i ud No physician visit 8 6 14 
infarction 

Total 23 23 46 


Ln NEC LIE UM UL uc Re er S SE A 
1. Using patients’ reports of visits to a physician at 3rd bi- 
ennial examination, and at examination at which myocardial 
infarction was discovered. 
2. Excludes persons whose electrocardiographically docu- 


mented myocardial infarction occurred before examination 35 


and patients and corresponding control subjects who did not 
take examination 3. 1 
3. McNemartest of association: x? = 2.56 (0.20 < P < 0.10). 
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TABLE V 


Proportion of Electrocardiographically Documented 

Myocardial Infarctions Preceded by Angina Pectoris: 

Men and Women, Framingham Study 

OA AENEA e WEIL et Bee Se ee ee 
Infarction 


Myocardial Infarction Preceded by Angina Pectoris* 





Type no. no. 96 

XL EL Ranieri Mr MY i. abes c xp ERA. oot) 
Unrecognized 60 2 3 
Recognized 199 48 24 
Total 259 50 19 


* Differences significant (P <0.005). 


during any 2 year interval. To test this hypothesis, a 
paired comparison was made using each patient as 
his own control. Patient reports of visits to a physi- 
cian between biennial examinations 2 and 3 were 
compared to reports of interim visits to a physician 
reported at the biennial examination at which the 
infarction was discovered (Table IV). 

Although Table IV appears to indicate that those 
patients who differed in their physician visits be- 
tween the indicated examinations were more than 
twice as likely to visit their physician in the exami- 
nation interval before the discovery of their infarc- 
tion (17 vs. 8), this difference does not reach statisti- 
cal significance. Therefore, the data can be taken as 
being consistent with the hypothesis that these pa- 
tients are no more likely to visit a physician during 
the interval when stricken with their myocardial in- 
farction than during a randomly chosen interval. 

Prevalence of angina in unrecognized myocar- 
dial infarction: As a possible measure of sensitivity 
to ischemic pain, people with unrecognized infarc- 
tions were compared to a group of patients with rec- 
ognized infarction for the occurrence of angina pec- 
toris. When these groups are compared for the preva- 
lence of angina before the occurrence of infarction 
(Table V), it is clear that antecedent angina is rare 
in patients who subsequently have unrecognized 
myocardial infarction and that this deficit of angina 
is highly significant. However, when the same com- 
parison is made for the incidence of angina after in- 
farction (Table VI), the difference between groups 
with unrecognized and recognized infarction is less 
pronounced and no longer statistically significant. 

Risk factors: An earlier report? noted that cer- 
tain risk factors—diabetes, hypertension and a pre- 
viously abnormal electrocardiogram— were associ- 
ated with a higher than expected incidence of unrec- 
ognized myocardial infarction. However, these 
trends did not reach statistical significance. This was 
attributed to the small numbers of patients studied. 
Because patients with coronary risk factors would be 
a group likely to have closer medical follow-up, in- 
cluding closer electrocardiographic surveillance, the 
increased proportion of unrecognized infarctions ap- 
peared to be particularly noteworthy. For this reason 
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TABLE VI 


Proportion of Electrocardiographically Documented 
Myocardial Infarctions Followed by Angina Pectoris: 
Men and Women, Framingham Study* 














Type of Myocardial Infarction Followed by Angina Pectoris* 
no. no. % 
Unrecognized 56 16 29 
Recognized 115 52 45 
Total 171 68 40 





 Eighty-eight persons with electrocardiographically docu- 
mented myocardial infarction died or had prior angina and were 
excluded from the analysis. 

+ Differences not significant (0.25 > P >0.10). 


the data were reexamined with the benefit of the ad- 
ditional cases provided by 4 more years of follow-up 
study. These analyses are summarized in Tables VII 
to IX. In the case of prior electrocardiographic status 
the 2 groups appear to be essentially homogeneous, 
that is, prior electrocardiographic abnormality does 
not appear to affect the recognition of infarction. Pa- 
tients with a prior history of diabetes or high blood 
pressure continue to have an excess of unrecognized 
infarction. However, this trend is still not statistical- 
ly significant. 


Discussion 


Previous estimates of the occurrence of unrecog- 
nized myocardial infarction have ranged between 0 
and 60 percent. Most of these studies have been 
based upon autopsy material or retrospective analy- 
ses of electrocardiograms in hospital populations.9-19 
These are primarily prevalence studies. Incidence 
studies of the problem have been performed in psy- 
chiatric institutions where patients are less prone 
than the general population to report symptoms.11.1? 

A prospective longitudinal epidemiologic study of 
the general population is ideally suited to examine 
the natural history of unrecognized myocardial in- 


TABLE VII 


Proportion of Electrocardiographically Documented 
Myocardial Infarctions Unrecognized According to Prior 
Electrocardiographic Status: Men and Women, 
Framingham Study 


i MÀ 


Total ; ; 

: Proportion of Myocardial 

ECG Status : Myocardial Infarctions Unrecognizedt 

Before Myocardial Infarctions pees Sl n E 
Infarction* (no.) no. 96 

ni Par Co c Lum CASE Sn LR ee 

Normal 188 42 22 
Abnormal 71 18 25 
Total 259 60 23 


———————————— 


* Abnormal status includes intraventricular block, left ven- 
tricular hypertrophy, and nonspecific abnormality. Normal 
status also contains some other minor abnormality. 

+ Differences not statistically significant (P 20.50). 
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TABLE VIII 


Proportion of Electrocardiographically Documented 

Myocardial Infarctions Unrecognized According to 

Antecedent Diabetic Status: Men and Women, 

Framingham Study 

BN M V ous OMNE ee ee ILE ee sl 
Proportion of Myocardial 
Infarctions Unrecognized* 


Antecedent Diabetic Status no. no. 96 
QUÉ DM EDEGNMOT.. IT. UP o2 ro I I UE Lec ER. — e 

Diabetic 18 7 39 

Nondiabetic 241 53 22 

Total 259 60 23 





* Differences not statistically significant (0.25 > P 70.10). 


farction, since it avoids the biases inherent in preva- 
lence studies and in incidence studies of selected 
populations. The incidence herein reported agrees 
closely with that reported in other population stud- 
jes.13.14 

Incidence and prognosis: Previous reports?:? have 
emphasized the high incidence of unrecognized myo- 
cardial infarction and its poor prognosis. Interesting- 
ly, the proportion of electrocardiographically docu- 
mented infarctions that go unrecognized is identical 
(23 percent) after 18 years of follow-up study to that 
noted in the 8 and 14 year follow-up data. This 
would suggest that despite the more widespread use 
of electrocardiography and an apparent increased 
physician awareness of the problem of unrecognized 
myocardial infarction, the incidence of this entity is 
the same as it was in 1950. 

The frequency of unrecognized myocardial infarc- 
tion reported here actually underestimates the true 
incidence of unrecognized myocardial infarction. The 
series includes only cases with electrocardiographic 
evidence of myocardial infarction which persisted at 
least until the time of the subject's clinic visit (an 
average of about 1 year). The series does not include 
the sizable proportion of patients whose electrocar- 


TABLE IX 


Proportion of Electrocardiographically Documented 
Myocardial Infarctions Unrecognized According to 
Antecedent Blood Pressure Status 





Proportion of 





uus Myocardial Infarctions 
Unrecognized 

Infarctions DS PUE; 

Antecedent Blood Pressure Status (no.) no. 96 
Hypertensive* : 

(160/95 mm Hg) 130 37 28 
Nonhypertensive 129 23 18 
Total 259 60 23 





* Hypertensive on any examination before infarction. 
+ Excess of unrecognized infarctions among hypertensive 
patients was not statistically significant (0.25 > P>0.10). 
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diogram became nondiagnostic in the period after 
their event.15-20 However, there is evidence that the 
group of patients whose electrocardiogram reverts 
toward normal after infarction are at a considerably 
lower risk of reinfarction and death than the cohort 
that retains an abnormal electrocardiographic pat- 
tern 21.22 

Also lacking from the series are cases whose unrec- 
ognized infarction resulted in out-of-hospital death. 
Two recent studies?3-24 suggest that even when such 
deaths are clinically “sudden,” nearly half have been 
caused by an infarction of more than 6 hours’ dura- 
tion. When sudden death was defined as a reliable 
history of symptoms of less than 1 hour’s duration, 
47 percent of 183 such cases had histologic evidence 
of recent myocardial infarction at autopsy.23 

Despite the frequency of unrecognized myocardial 
infarction, only about half the cases are actually si- 
lent. Even in the “silent” group, many cases may 
have been atypically symptomatic. It is particularly 
noteworthy that 8 patients in the silent group had 
presumably uncomplicated major surgery during the 
2 years before discovery of the infarction. When rou- 
tine preoperative and postoperative electrocardio- 
grams are performed, it has been shown that the rate 
of occurrence of silent myocardial infarction during or 
after presumably uncomplicated surgery, although 
small, is finite.25-29 

The actual incidence of truly silent myocardial in- 
farction remains in doubt. The methods used to dis- 
tinguish the symptomatic and silent groups were im- 
perfect, as demonstrated by the high proportion of 
"symptomatic" cases in the control group. Alterna- 
tively, the symptoms reported by many subjects in 
the silent group may have been those of infarction. 
Therefore, the proportion of truly silent myocardial 
infarctions herein reported must be regarded as only 
an approximation. 

Sensitivity to pain: prevalence of angina pecto- 
ris: It has been suggested that decreased sensitivity 
to pain may be an important factor in unrecognized 
myocardial infarction.!5.30 This has been given as 
one explanation for the probably increased incidence 
of unrecognized myocardial infarction in patients 
with diabetes.39 The presence or absence of angina 
pectoris in a patient with coronary disease is possibly 


an index of pain sensitivity. That the subjects with 
unrecognized myocardial infarction had a strikingly 
low prevalence of angina before discovery of the in- 
farction would support this hypothesis. That these 
subjects had a decreased incidence of angina even 
after discovery of the infarction (which was routinely 
reported to their physician) would further support 
this hypothesis. However, the deficit of angina in 
unrecognized myocardial infarction is definitely less 
striking after than before the infarction (Tables V 
and VI). And, if the statistics are to be taken at face 
value, the deficit is no longer present. Since the pa- 
tient and his physician were aware of the existence of 
coronary disease after the infarction, factors other 
than sensitivity to pain may be operative. 

Failure to seek medical attention: Subjects with 
unrecognized myocardial infarction appear to be 
among those who avoid doctors. They tended to have 
fewer routine physician visits (even though they 
would be expected to have more because of associ- 
ated diabetes and high blood pressure) than people 
of similar age and sex, and many failed to go to a 
physician despite symptoms judged severe enough to 
be compatible with acute myocardial infarction. One 
can only speculate on the reasons why people with 
unrecognized myocardial infarction fail to seek medi- 
cal attention. The mechanisms are probably similar 
to those that cause patients with recognized myocar- 
dial infarction to delay in reaching the hospital.31-34 
Denial probably plays an important role in both 
groups.33 One third of subjects in our series failed to 
visit a physician during the 2 years in which their in- 
farction must have occurred. This finding implies 
that failure to visit a physician is as important a fac- 
tor as any in failure to recognize myocardial infarc- 
tion and one that must be overcome before a defini- 
tive approach to early coronary care can be institut- 
ed. 

Our study makes clear that the number of patients 
with undetected myocardial infarction has not de- 
creased with time. It is equally clear that that num- 
ber could be substantially reduced by taking fre- 
quent electrocardiograms for vague or suspicious 
symptoms. Frequent electrocardiographic surveil- 
lance is desirable in persons with atherogenic precur- 
sors such as hypertension and diabetes. 
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Initial hemodynamics were studied in 50 patients with acute myocar- 
dial infarction classified according to anterior or inferior location. 
Twenty-two had anterior transmural infarction (indicated by Q wave 
changes), 12 had anterior necrosis (S-T and T wave changes plus 
increases in serum enzymes), 11 had inferior transmural infarction 
and 5 inferior necrosis. When initial left ventricular filling pressure, 
stroke index, heart rate and stroke work index were considered to- 
gether in all patients, there was a significant difference (P <0.05) 
between patients with anterior infarction and those with inferior in- 
farction. Left ventricular filling pressure and heart rate were higher 
and stroke index and stroke work index lower in patients with anteri- 
or infarction. These hemodynamic abnormalities in patients with an- 
terior infarction were reflected clinically by more frequent ventricular 
gallops and a higher hospital mortality rate. In clinically uncompli- 
cated acute myocardial infarction, pulmonary arterial end-diastolic 
pressure ranged from 8 to 27 mm Hg. Stroke index and stroke work 
index correlated best with bedside classification and were lower in 
patients with a poorer clinical condition. 


Although coronary care units have provided immediate and effective 
treatment for electrical instability associated with acute myocardial 
infarction,-3 hemodynamic abnormalities secondary to the acute 
ventricular dysfunction exist and still account for significant mortal- 
ity. Electrocardiographic localization of the acute infarction has 
aided clinicians in assessing the relative severity and prognosis soon 
after the event.*^ However, some observers have reported similar 
mortality rates in acute anterior and acute inferior infarction,9-? and 
others have found a higher mortality rate in acute anterior infarc- 
tion.191? Loeb et al.13 observed cardiogenic shock more frequently in 
patients with anterior infarction. 

A better understanding of ventricular performance after acute an- 
terior or inferior infarction would be important both therapeutically 
and prognostically. In this investigation left ventricular hemodynam- 


„ics were measured in 50 patients with acute myocardial infarction, 


and these data were correlated with the site of infarction and clinical 
status of each group of patients. The indication for cardiac catheter- 
ization with hemodynamic measurements was clinical evidence of 
congestive heart failure (ventricular filling gallop or pulmonary rales 
persistent after coughing) or cardiogenic shock. In addition, 10 pa- 
tients with clinically uncomplicated infarction were studied to deter- 
mine the hemodynamic disturbances in this group of patients. 14 


Methods 
Case Material 


Clinical observations and hemodynamic measurements were made im 50 
patients with acute myocardial infarction admitted to the Myocardial In- 
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farction Research Unit (MIRU) of the University Hospital 
in Birmingham. The study group consisted of 33 male and 
17 female patients, ranging in age from 29 to 74 years. 
The diagnosis of acute transmural myocardial infarction 
was based on a typical history, the development of 0.04 
second Q waves in the electrocardiogram and serial evolu- 
tion of serum enzymes. The classification anterior myo- 
cardial infarction included both anteroseptal (Q waves in 
leads V4, through V3) and anterolateral infarction (Q 
waves in some combination of leads V; through Vg or 
leads I and aVL). The criterion for inferior or diaphrag- 
matic myocardial infarction was Q waves in leads II, III 
and aVF 15 The classification was acute myocardial necrosis 
rather than acute transmural infarction if the history and 
clinical findings compatible with acute myocardial infarc- 
tion were accompanied by serial evolution of serum en- 
zymes in the absence of pathologic Q wave development. 
The site of the myocardial necrosis was determined by se- 
rial S-T segment elevation or T wave changes (usually in- 
version), or both, in the leads described for location of 
transmural infarction. For example, a patient with preex- 
isting Q waves in leads II, III and aVF with recent ST-T 
wave changes in leads V2 through V4 would be classified 
as having acute anterior necrosis. Twenty-two patients 
had anterior transmural infarction and 12 anterior necro- 
sis; 11 had inferior transmural infarction and 5 inferior 
necrosis. One patient with an anterior transmural infarc- 
tion was studied during 2 episodes of cardiogenic shock. In 
8 of 15 patients who died, postmortem examinations were 
performed. Six patients had infarctions as shown by Q 
wave changes and 5 had transmural infarction at autopsy 
which was reflected in the appropriate leads referring to the 
clinically determined location; 1 patient had patchy in- 
volvement that was confluent. Two had the diagnosis of 
myocardial necrosis and at autopsy had only patchy dis- 
tribution of scarring, primarily in the areas reflected elec- 
trocardiographically. 


Hemodynamic Measurements 


Informed consent was obtained from the patient or a re- 
sponsible family member, or both, after an explanation of 
the procedure in accordance with the Declaration of Hel- 
sinki. Cardiac catheters were positioned as described pre- 
viously.!9$ Fifty milligrams of Xylocaine® was given 
before the right or left ventricle was entered. The pulmo- 
nary artery was catheterized by experienced investigators 
using a standard radiopaque right heart catheter in 40 pa- 
tients before availability of the flow-directed balloon- 
tipped catheter. In 10 patients studied later in the series a 
Swan-Ganz balloon catheter was used.!? Left ventricular 
filling pressure was measured as the pulmonary arterial 
end-diastolic pressure in 45 patients and as left ventricu- 
lar end-diastolic pressure in 15 patients. In the latter pa- 
tients, the arterial catheter was advanced into the left 
ventricle with a flexible wire guide under fluoroscopy. In 
12 patients pulmonary arterial end-diastolic and left ven- 
tricular end-diastolic pressures were measured simulta- 
neously. All hemodynamic measurements were initial 
baseline determinations. In no instance had digitalis or 
volume expansion been utilized before measurements were 
made. Sympathomimetic therapy for cardiogenic shock 
was not withheld before hemodynamic study when it was 
thought clinically indicated, but none of the patients 
studied were receiving sympathomimetic amines at the 
time of these baseline studies. Similarly, in a few in- 
stances a diuretic agent had been administered in the 
emergency department when it was thought clinically in- 
dicated. 


Cardiac output determinations were performed by the 
dye-dilution technique with injection into the central ve- 
nous or pulmonary arterial catheter with sampling from 
the left ventricle or central aorta. In 6 patients the indica- 
tor was injected into the pulmonary artery with sampling 
from the left ventricle. In all other patients a mixing cham- 
ber was present proximal to the sampling site. Duplicate 
cardiac output determinations in 38 patients in this study 
demonstrated an average difference of 7.0 + 9.0 percent 
(median difference 4.5 percent). Cardiac output and stroke 
volume were corrected for body surface area and the respec- 
tive indexes obtained. Stroke index (SI) was calculated in 
milliliters per beat per square meter of body surface area as 
cardiac index (CI) divided by heart rate. 

Stroke work index (SWI) was calculated in gram-meters 
by the formula: 


SWI = SI x (MSP - LVEDP or PAEDP) X 0.0136 


where MSP = mean systolic pressure in millimeters of 
mercury = 0.8 (aortic systolic —aortic diastolic) + aortic 
diastolic pressure. This formula for mean systolic pressure 
was experimentally confirmed by planimetry of 3 aortic 
pulse wave forms in 11 instances in 10 patients. The cal- 
culated value correlated with the planimetered value for 
mean systolic pressure with a correlation coefficient of r = 
0.994. LVEDP or PAEDP = left ventricular or pulmonary 
arterial end-diastolic pressure in millimeters of mercury. 

Left ventricular minute work index was the product of 
stroke work index and heart rate: 


LVMWI = (SWI x HR)/1,000 


where LVMWI = left ventricular minute work index in 
kilogram-meters, SWI = stroke work index in gram-me- 
ters and HR = heart rate per minute. 


Clinical Classification 


Patients were classified clinically on bedside examina- 
tion according to the myocardial infarction classification 
of Killip and Kimball.? Patients considered to have un- 
complicated infarction (grade 1) did not demonstrate pul- 
monary rales after coughing or a ventricular filling gallop. 
Patients considered to have mild or moderate congestive 
heart failure (grade 2) exhibited basilar pulmonary rales 
persistent after coughing or a ventricular filling gallop, or 
both, detected by one of the investigators. Pulmonary 
edema (grade 3) was defined as the presence of moist rales 
over more than half of the lung fields. Shock associated 
with myocardial infarction (grade 4) was diagnosed clini- 
cally when there was evidence of severely decreased pe- 
ripheral perfusion with cool clammy skin, weak pulse, 
mental obtundation, oliguria and a systolic blood pressure 
of less than 90 mm Hg or 80 mm Hg less than the previ- 
ous value in the presence of the other findings. The onset 
of pain requiring medical attention was considered the 
clinical onset of the myocardial infarction in this study. 
Statistical results were calculated by discriminant func- 
tion analysis on an IBM 360 computer. 


Results 


Initial left ventricular hemodynamics in 50 pa- 
tients with acute myocardial infarction were ana- 
lyzed, and 1 patient was restudied because of deteri- 
oration later during the same hospitalization. The 
hemodynamic data are presented in Table I. Initial 
hemodynamic measurements in patients with anteris 
or infarction or necrosis were made an average of 
23.8 + 17.1 hours (standard deviation) after onset of 
infarction, and in those with inferior infarction or 
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SWI 
68 
40 
46 
61 
45 
26 
36 
14 
30 





SI 
68 
28 
43 
42 
30 
20 
29 
13 
32 
30 


Cl 
4.33 
1.79 
3.14 
2.54 
2.58 
on 
2.51 
1.40 
2.72 
3.08 


64 
64 
73 
60 
85 
127 
87 
106 
84 
103 


Mean 

Aortic 
62 
101 
87 
97 
98 
104 
84 
89 
79 


Pressures (mm Hg) 
Mean 
RA 


transmural. 





or 
PAED 
23 
12 
17 
16 
20 


LVED 
inferior; LVED = left ventricular end-diastolic; N = myocardial necrosis; PAED 


Died in 
Hospital 
No 
Yes 
No 
No 
No 
No 
No 
Yes 
No 
No 


Filling 
Gallop 
No 
No 
No 
No 
No 
No 
No 
No 
Yes 
No 


Ventricular 
SWI = stroke work index (g-m); T 


Hours 

After 

Onset 
16 
10 
42 
24 
21 
22 


Previous 
Myocardial 
No 
No 
No 
No 
Yes 
No 
No 
No 
Yes 
Yes 
2); HR = heart rate (beats/min); Inf 


Infarction 


Grade 


Site 


Lesion 





Type 
"m 
T 
N 


(continued) 
Age (yr) 
& Sex 
64F 
67F 
39F 


no. 
48 
49 
50 


Case 
Ant = anterior; Cl = cardiac index (liters/min per m 


pulmonary arterial end-diastolic; RA — right atrial; SI — stroke index (ml); 


Summary of Cases 


TABLE I 


necrosis an average of 19.6 + 13.9 hours after infarc- 
tion; the difference was not significant. No patient 
whose initial hemodynamic measurements were 
made more than 68 hours after the onset of pain was 
included. 

Anterior vs. inferior infarction: The combined 
observations of initial left ventricular filling pressure, 
stroke index, heart rate and stroke work index, as 
well as presence of transmural myocardial infarction 
or necrosis and the previous history of myocardial in- 
farction, resulted in a significant difference between 
patients with anterior infarction and those with in- 
ferior infarction (P <0.05). Patients with anterior 
transmural infarction and anterior necrosis had sig- 
nificantly greater left ventricular filling pressure (P 
<0.05) and lower stroke index (P <0.05) than those 
with inferior transmural infarction and inferior 
necrosis (Fig. 1 and 2). Although the average heart 
rate was faster (97.7 + 21.3 as opposed to 86.4 + 19.9 
beats/min) and the stroke work index lower (33.4 + 
18.8 and 41.8 + 15.2 g-m) in the group with anterior 
infarction than in the group with inferior infarction, 
neither value reached statistical significance at the 
0.05 level. 

Infarction vs. necrosis: Patients with anterior 
transmural infarction had significantly greater left 
ventricular filling pressure than those with anterior 
myocardial necrosis (26.9 + 9.1 and 17.3 + 15.8 mm 
Hg) (P «0.05) as well as a faster heart rate (104.6 + 
19.9 and 84.6 + 19.8 beats/min) (P <0.05). Although 
not significant at the 0.05 level, the stroke index and 
the stroke work index were lower in those with ante- 
rior transmural infarction. In patients with inferior 
transmural infarction the heart rate was slower than 
in patients with inferior myocardial necrosis (P 
«0.05). Otherwise no analagous differences were 
present between patients with inferior transmural in- 
farction and those with necrosis. 

Among the patients with transmural infarction, 
the hemodynamic indexes, location of the infarction 
and the occurrence of a previous infarction produced 
a highly significant difference between those with 
anterior and those with inferior infarction (P 
«0.001). In patients with anterior myocardial infarc- 
tion, the left ventricular filling pressure and heart 
rate were higher (P «0.001 and P «0.01, respective- 
ly), and stroke index (P «0.001) and stroke work in- 
dex (P «0.01) lower than in those with inferior trans- 
mural infarction. In patients with myocardial necro- 
sis as opposed to transmural infarction, no differences 
between anterior and inferior location of the necrosis 
were detected. 

Patients without previous infarction: Patients 
with transmural infarction but with no previous in- 
farction were similarly studied in order to eliminate 
the effects of a former insult to ventricular function. 
The 12 patients whose first infarction was anterior 
were compared to the 10 patients whose first infarc- 
tion was inferior. In this subset of patients without , 
previous infarction, those with anterior location of 
the infarction had greater depression of left ventricu- 
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FIGURE 1. Relation of left ventricular filling pressure to location 
of infarction. Anterior transmural infarction and anterior necrosis 
resulted in significantly greater left ventricular filling pressure 
than inferior transmural infarction and necrosis. 


lar function than those with inferior location of in- 
farction when left ventricular filling pressure, heart 
rate, stroke index and stroke work index were con- 
sidered together (P «0.01). Left ventricular filling 
pressure was greater (28.2 + 10.3 versus 15.9 + 5.2 
mm Hg) (P <0.01), heart rate was higher (105.2 + 
18.3 as opposed to 79.0 + 18.5 beats/min) (P <0.01), 
stroke index lower (22.7 + 5.1 versus 36.9 + 13.9 ml) 
(P <0.01) and stroke work index lower (30.9 + 12.5 
versus 46.2 + 14.5 g-m) (P <0.02) in patients with 
anterior infarction as opposed to those with inferior 
infarction. 

Effects of clinical classification: Left ventricular 
filling pressure ranged considerably over the clinical 
classification of severity in the 33 patients with 
transmural infarction (Fig. 3). Among patients with 
uncomplicated transmural infarction the left ventric- 
ular filling pressure ranged from 13 to 27 mm Hg in 
those with anterior infarction and from 8 to 23 mm 
Hg in those with inferior infarction. Among patients 
with infarction complicated by mild to moderate 
congestive failure this pressure ranged from 17 to 44 
mm Hg in those with anterior and from 8 to 21 mm Hg 
in those with inferior infarction. Left ventricular 
pressure was 24 mm Hg in the single patient with 
anterior infarction and pulmonary edema. Shock 
associated with myocardial infarction was seen only 
in patients with anterior myocardial infarction, and 
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FIGURE 2. Relation of stroke index :o location of infarction. 
Stroke index was significantly lower in anterior transmural in- 
farction and anterior necrosis than in inferior transmural infarc- 
tion and necrosis. 


initial left ventricular filling pressure ranged from 2 
to 54 mm Hg in patients with this syndrome. Four of 
9 of the patients with shock died. 

Hemodynamic variations according to bedside 
clinical classification when all patients were consid- 
ered showed a stroke index of 35.5 + 14.8 ml in 
grade 1, 26.7 + 9.6 ml in grade 2 and 17.7 + 9.2 ml 
in grade 4. Only 1 patient was studied during pulmo- 
nary edema (grade 3). These differences were statis- 
tically significant between grades 1 and 2, grades 2 
and 4 and grades 1 and 4 at a level of P «0.05. 
Stroke work index also was lower in the poorer clini- 
cal classifications, significantly lower in grade 4 than 
grade 1 (P «0.01) and in grade 4 than grade 2 (P 
<0.05). Left ventricular filling pressure was greater 
and heart rate faster in poorer clinical classifications, 
but these differences were not statistically signifi- 
cant. When the hemodynamic variables were exam- 
ined together with and without information con- 
cerning location of infarction, history of previous in- 
farction and whether there was transmural infarction 
or necrosis, there were significant differences be- 
tween grade 4 and grade 1 (P «0.05). 

Survivors vs. patients who died: In patients who 
survived hospitalization, left ventricular filling pres- 
sure averaged 18.3 + 9.2 mm Hg; in those who died 
it was 28.5 + 11.8 mm Hg (P «0.01). Heart rate 
averaged 88.7 + 18.8 beats/min in those who sur- 
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vived and 106.0 + 22.3 beats/min in those who died 
(P <0.02). In survivors stroke index averaged 30.7 + 
11.5 ml and in those who died, 18.7 + 8.1 ml (P 
<0.001). Stroke work index was 41.1 + 17.2 g-m and 
24.9 + 15.0 g-m (P <0.01) in those who survived and 
those who died, respectively. 

Hospital mortality rate was 45.5 percent (10 of 22) 
among patients with anterior transmural infarction 
and 16.7 percent (2 of 12) among patients with ante- 
rior necrosis. Six of these 12 died with left ventricu- 
lar failure, 1 after a cerebral vascular accident and 4 
with ventricular arrhythmias; 1 patient, who was not 
being monitored, died suddenly on the ward. Pa- 
tients with inferior transmural infarction had a hos- 
pital mortality rate of 18.2 percent (2 of 11) and 
those with inferior necrosis a hospital mortality rate 
of 20 percent (1 of 5). Of the latter 3, 2 died with left 
ventricular failure and 1 with a ventricular arrhyth- 
mia. 

Ventricular gallop and left ventricular filling 
pressure: The mean left ventricular filling pressure 
for all patients having a transmural infarction with- 
out a ventricular filling gallop was 20.4 + 8.6 mm 
Hg; in the group with a ventricular filling gallop it 
averaged 27.5 + 10.1 mm Hg (P <0.05) (Fig. 4). 


TRANSMURAL 


LEFT VENTRICULAR FILLING PRESSURE 





DEMA 

FIGURE 3. Initial left ventricular filling pressure in the 4 clinical 
classes of patients with acute transmural myocardial infarction. 
Patients with clinically uncomplicated infarction exhibited left 
ventricular filling pressures ranging from 8 to 27 mm Hg. Pa- 
tients with clinically mild to moderate left ventricular failure had 
pressures of 8 to 44 mm Hg and all patients with shock had in- 
creased filling pressure. Four patients with inferior infarction 
demonstrated clinical evidence of left ventricular failure with 
normal filling pressure. 


Ventricular filling gallops were audible in 11 of 22 
patients (50 percent) with anterior transmural in- 
farction and in 6 of 12 patients (50 percent) with an- 
terior necrosis. In patients with inferior transmural 
infarction, only 1 of 11 patients (9 percent) had a 
ventricular filling gallop, and in those with inferior 
necrosis 1 of 5 patients (20 percent) had this finding. 

Mean right atrial pressure was related to left ven- 
tricular filling pressure in 18 patients (correlation 
coefficient r = 0.61) (Fig. 5). However, in the 8 pa- 
tients with a right atrial pressure of 6 mm Hg or less, 
all had increased left ventricular filling pressures of 
16 mm Hg or greater. Five patients had a very high 
level of left ventricular filling pressure (30 mm Hg or 
higher), but in 2 of these the mean right atrial pres- 
sures were only 6 and 8 mm Hg, respectively. Both of 
the latter patients had anterior transmural infarc- 
tion. 

When left ventricular minute work was equal to or 
less than 2.0 kg-m, 7 of 10 patients (70 percent) died. 
Of the patients who died in the hospital, 5 of 15 
(33.3 percent) had left ventricular minute work 
values greater than 3.0 kg-m. 

No other hemodynamic measurements, including 
arterial systolic pressure, mean aortic pressure, total 
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FIGURE 4. In patients with transmural infarction, those with a 
ventricular gallop tended to have greater left ventricular filling 
pressure than those without a gallop (P <0.05). 
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LEFT VENTRICULAR FILLING PRESSURE mm Hg 
FIGURE 5. Single measurement of mean right atrial pressure 
and left ventricular filling pressure. Although there is an overall 
correlation (r = 0.61), mean right atrial pressure is an unreli- 
able indicator of left ventricular filling pressure. 


peripheral vascular resistance, cardiac index or left 
ventricular minute work index, contributed to sepa- 
ration of anterior and inferior myocardial infarction. 


Discussion 


Several aspects concerning the hemodynamic mea- 
surements of patients in this study require comment. 
Precise accuracy of the cardiac output using dye- 
dilution methods is not possible in the low ranges of 
output. However, delineation of a reduced output in 
contrast to a normal or near normal cardiac output 
is feasible and it is these overall ranges which are 
compared in this study. Central injection and sam- 
pling sites for the indicator as used in this study 
tend to improve the accuracy of measurement. 

The level of pulmonary arterial end-diastolic pres- 
sure was measured on the plateau before the rise in 
systolic pulmonary arterial pressure and this value 
was equated with the post a wave left ventricular 
end-diastolic pressure at the z point or at the onset 
of the rapid rise of left ventricular pressure.18 In the 
absence of pulmonary vascular disease, pulmonary 
arterial end-diastolic pressure is a valid measure of 
left ventricular filling pressure.!9-?! In our patients 
the pulmonary end-diastolic pressure in acute myo- 
cardial infarction has reliably reflected the left ven- 
tricular end-diastolic pressure (r = 0.86) (Fig. 6).16 
When the 2 pressures were not equal, the pulmonary 
arterial end-diastolic pressure underestimated the 
left ventricular end-diastolic pressure.2° If the pulmo- 
nary arterial end-diastolic pressure is increased, our 
data indicate that left ventricular end-diastolic pres- 
sure is almost certainly increased. Moreover, the for- 
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mer pressure probably more closely reflects pulmo- 
nary capillary pressure, and thus the danger of pul- 
monary edema, than the latter. The correspondence 
of these pressures in 12 patients with acute myocardi- 
al infarction existed for heart rates of less than 125 
beats/min.?? [n 1 patient during infusion of low mo- 
lecular weight dextran the 2 pressures were equal at a 
level of 11 to 25 mm Hg. In another patient with pump 
perfusion failure the pressures remained within 4 mm 
Hg of each other at a level of 34 to 53 mm Hg. As a 
means of safely monitoring left ventricular filling 
pressure in acute myocardial infarction, use of the 
value for pulmonary arterial end-diastolic pressure 
probably provides acceptable accuracy at heart rates 
of less than 125 beats/min although further eval- 
uation is desirable. 

Depression of left ventricular function in ante- 
rior infarction: In the present study patients with 
transmural anterior myocardial infarction demon- 
strated not only greater depression of ventricular 
function than those with transmural inferior infarc- 
tion but also a higher hospital mortality rate. This 
was true also in the subset of patients without previ- 
ous infarction. Since most of our patients had clini- 
cal congestive heart failure or shock, they do not rep- 
resent a randomly selected group but rather one 
weighted with patients with more complicated dis- 
ease. The depression of left ventricular function in 
acute transmural anterior infarction is manifested as 
a higher heart rate and lower stroke and stroke work 
indexes. Anterior infarction results primarily from 
occlusion of the left anterior descending coronary ar- 
tery. Although there are anatomic variations in ven- 
tricular blood supply, a greater portion of left ven- 
tricular myocardium is usually infarcted in occlusion 
of the left anterior descending than in occlusion of 
the right coronary artery, which is more likely to re- 
sult in posterior or diaphragmatic infarction.12 
Patients with an anterior transmural myocar- 
dial infarction had much greater depression of left 
ventricular function than those with anterior necro- 
sis according to the same hemodynamic measure- 
ments. Left ventricular minute work—incorporating 
left ventricular systolic pressure, left ventricular end- 
diastolic pressure and cardiac index—of less than 3.0 
kg-m/min has been reported to predict death with 
95 percent accuracy.23 In our study, left ventricular 
minute work of less than 2.0 kg-m/min was associ- 
ated with only a 70 percent mortality rate (7 of 10 
patients) in all groups. 

Clinical classification of hemodynamic severity: 
The clinical bedside classification of hemodynamic 
severity in acute myocardial infarction is presumably 
closely related to the performance of the left ventri- 
cle and in particular to its filling pressure. In uncom- 
plicated cases the left ventricular filling pressure 
may be as far outside the usual normal limits as the 
27 mm Hg observed in our study. Furthermore, in 
cases complicated by mild to moderate left ventricu- 
lar failure the left ventricular filling pressure may be 
normal. (In our study mild to moderate left ventricu- 
lar failure [grade 2] was diagnosed on the basis of 
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basilar rales or a ventricular gallop, or both.) The 
normal pressure in these cases may be related to re- 
cent diuresis or other fluid loss resulting in reduced 
intravascular volume and left ventricular filling pres- 
sure. Delayed alveolar clearance of fluid after a re- 
duction in left ventricular end-diastolic pressure 
would result in persistence of moist rales heard clini- 
cally and considered to be indicative of congestive 
heart failure. Rales were present more frequently than 
gallops in patients with inferior infarction or necro- 
sis and resulted in grade 2 classification. In our study 
the level of left ventricular filling pressure was lower 
in patients with inferior transmural infarction than in 
those with anterior infarction despite clinical evi- 
dence of left ventricular failure in both groups. We 
surmise that this finding is related to greater left 
ventricular dysfunction in anterior than in inferior 
infarction. Patients with shock associated with a 
transmural infarction generally had a high level of 
left ventricular filling pressure, although 1 patient 
had clinical shock with a markedly reduced filling 
pressure related to volume depletion. 

When the entire series was considered, stroke 
index and stroke work index produced the best cor- 
relations with clinical classification, each being lower 
` in poorer clinical conditions. Although left ventricu- 
lar filling pressure was progressively greater with 
higher classification, values between clinical groups 
were not significantly different. Similarly, other in- 
vestigators?*.25 have found that these same measure- 
ments characterize clinical status in patients with 
acute myocardial infarction. Although there is hemo- 
dynamic correlation with the clinical classification, 
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FIGURE 6. Pulmonary arterial end- 
diastolic pressure (PAEDP) pro- 
vides an estimate of left ventricular 
end-diastolic pressure (LVEDP) 
through a wide range of pressures 
in 12 patients (r = 0.86). Each 
symbol represents a separate pa- 
tient. The solid line represents the 
regression equation; the dashed 
line is the line of identity. 
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hemodynamic characterization has greater patho- 
physiologic and prognostic value in acute myocardial 
infarction. When all patients are considered, hospital 
survivors had significantly lower values for left ven- 
tricular filling pressure and heart rate and higher 
values for stroke index and stroke work index on 
initial hemodynamic measurements. 

Ventricular filling gallops and left ventricular 
filling pressures: In our investigation ventricular 
filling gallops were associated with increased left 
ventricular filling pressure in patients with acute 
myocardial infarction. In myocardial disease the 
end-diastolic volume can be increased as a result of 
an increased end-systolic volume, and the left ven- 
tricular gallop is associated with a relatively reduced 
filling rate.26 Coronary artery disease can produce 
both localized and generalized defects in myocardial 
performance and, with the development of dilatation 
and hypertrophy, can present as a diffuse myocardial 
disease.27 In our experience the presence of a filling 
gallop in a patient with acute myocardial infarction 
indicates depression of left ventricular function and 
identifies those patients whose management may be 
facilitated by hemodynamic monitoring. 

Although there was a significant correlation be- 
tween initial mean right atrial pressure and left ven- 
tricular filling pressure (r = 0.61), the scatter of the 
data is large, and thus a single determination of 
mean right atrial pressure provides an unreliable in- 
dicator of pulmonary arterial or left ventricular end- 
diastolic pressure in any given patient. With 
transmural infarction patients with left ventricular 
failure and shock tended to have greater left ventric- 
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ular filling pressure than patients with uncomplicat- 
ed infarction (Fig. 3). A similar relation did not hold 
for right atrial pressure. Thus, the left ventricular 
filling pressure was a better indicator than right atri- 
al pressure of the clinical condition of patients with 
transmural infarction. 


Acknowledgment 


We are grateful to Mr. John Burdeshaw and Mr. Frank 
Harrell for statistical advice and to Mrs. Kay Neel and 
Mrs. Brenda Farmer for secretarial aid. We appreciate the 
expert technical assistance of* Mr. Chuck Boyd, Mr. Mal- 
colm Patchell, Mr. Randy Hill and Mr. John McCuiston. 


References 


1. Lown B, Fakhro AM, Hood WB Jr, et al: The coronary care 
unit—new perspectives and directions. JAMA 199:188-198, 
1967 

2. Killip T III, Kimball JT: Treatment of myocardial infarction in 
coronary care unit—a two year experience with 250 pa- 
tients. Amer J Cardiol 20:457-464, 1967 

3. James TN: The coronary circulation and conduction system 
in acute myocardial infarction. Progr Cardiovasc Dis 
10:410-449, 1968 

4. Beard OW, Hipp HR, Robins M, et al: Initial myocardial in- 
farction among 503 veterans—five year survival. Amer J 
Med 28:871-883, 1960 

5. Stock E: Prognosis of myocardial infarction in a coronary 
care unit. Med J Aust 2:377-382, 1967 

6. Rosenbaum FF, Levine SA: Prognostic value of various clin- 
ical and electrocardiographic features of acute myocardial 
infarction. |. Immediate prognosis. Arch Intern Med (Chica- 
go) 68:913-944, 1941 

7. Mintz SS, Katz LN: Recent myocardial infarction—an analy- 
sis of five hundred and seventy-two cases. Arch Intern Med 
(Chicago) 80:205-236, 1947 

8. Billings FT Jr, Kalstone BM, Spencer JL, et al: Prognosis of 
acute myocardial infarction. Amer J Med 7:356-370, 1949 

9. Doscher N, Poindexter CA: Myocardial infarction without 
anticoagulant therapy—ceaths, emboli and analysis of fac- 
tors influencing mortality. Amer J Med 8:623-633, 1950 

10. Wood FC, Bellet S, McMillan TM, et al: Electrocardiograph- 
ic study of coronary occlusion. Arch Intern Med (Chicago) 
52:752-784, 1933 

11. Vander Veer JB, Brown LE Jr: The diagnosis and prognosis 
of coronary occlusion—the electrocardiogram as an aid. 
Penn Med J 39: 303-309, 1936 

12. Norris RM, Brandth PWT. Caughey DE, et al: A new coro- 
nary prognostic index. Lancet 1:274-278, 1969 

13. Loeb HS, Pietras RJ, Tobin JR Jr, et al: Hypovolemia in 
shock due to acute myocardial infarction. Circulation 
40:653-659, 1969 

14. Hunt D, Potanin C, Pombo J, et al: Left ventricular function 
in clinically uncomplicated myocardial infarction. Clin Res 
18:313, 1970 


18 July 1973 The American Journal of CARDIOLOGY Volume 32 
e 


15. Estes EH: Electrocardiography and vectorcardiography. In, 
The Heart, Arteries and Veins, second edition (Hurst JW, 
Logue B, ed). New York, McGraw Hill, 1970, p 313-315 

16. Russell RO Jr, Rackley CE, Pombo J, et al: Effects of in- 
creasing left ventricular filling pressure in patients with 
acute myocardial infarction. J Clin Invest 49:1539-1550, 
1970 

17. Swan HJC, Ganz W, Forrester J, et al: Cardiac catheteriza- 
tion with a flow-directed balloon-tipped catheter. New Eng J 
Med 283:447-451, 1970 

18. Schlant RC: Normal physiology of the cardiovascular Sys- 
tem. In Ref 15, p 88 

19. Kaltman AJ, Herbert WH, Conroy RJ, et al: The gradient in 
pressure across the pulmonary vascular bed during dias- 
tole. Circulation 34:377-384, 1966 

20. Falicov RE, Resnekov L: Relationship of the pulmonary ar- 
tery end-diastolic pressure to the left ventricular end-dia- 
stolic and mean filling pressures in patients with and with- 
out left ventricular dysfunction. Circulation 52:65-73, 1970 

21. Jenkins BS, Bradley RD, Branthwaite MA: Evaluation of pul- 
monary artery end-diastolic pressure as an indirect estimate 
of left atrial mean pressure. Circulation 52:75-78, 1970 

22. Bouchard RJ, Gault JH, Ross J Jr: Evaluation of pulmonary 
arterial end-diastolic pressure as an estimate of left ventric- 
ular end-diastolic pressure in patients with normal and ab- 
normal left ventricular performance. Circulation 54:1072- 
1079, 1971 

23. Scheidt S, Fillmore S, Ascheim R, et al: Objective assess- 
ment of prognosis after acute myocardial infarction. Circula- 
tion 42: suppl III: 196, 1970 

24. Ramo BW, Myers N, Wallace AG, et al: Hemodynamic find- 
ings in 123 patients with acute myocardial infarction on ad- 
mission. Circulation 52:567-577, 1970 

25. Hamosh P, Cohn JN: Left ventricular function in acute myo- 
cardial infarction. J Clin Invest 50:523-533, 1971 

26. Porter CM, Baxley WA, Eddleman EE Jr, et al: Left ventric- 
ular dimensions and dynamics of filling in patients with gal- 
lop heart sounds. Amer J Med 50:721-727, 1971 

27. Rackley CE, Dear HD, Baxley WA, et al: Left ventricular 
chamber volume, mass and function in severe coronary ar- 
tery disease. Circulation 41:605-613, 1970 


Dynamic Changes in the ST-T Segment During Sleep in 
ischemic Heart Disease 


SHLOMO STERN, MD, FACC 
DAN TZIVONI, MD 


Jerusalem, Israel 


From the Cardiology Service, Cardiac Station 
for Diagnosis and Follow-up and Department 
of Medicine A, Hadassah University Hospital 
and Hebrew University-Hadassah Medical 
School, Jerusalem, Israel. This investigation 
was supported by a grant from Nessim David 
Gaon of Geneva, Switzerland. Manuscript 
accepted January 19, 1973. 

Address for reprints: Shlomo Stern, MD, 
The Cardiology Service, Hadassah University 
Hospital, P.O. Box 499, Jerusalem, Israel. 


The electrocardiographic pattern during sleep was recorded in 140 
patients with chronic ischemic heart disease by the Holter continu- 
ous recording system. Among the 97 patients who had fixed abnor- 
mal ST-T changes during the day, the severity of the pathologic pat- 
tern decreased during sleep in 39, remained unchanged in 35 and 
became more marked in 23 patients. The deterioration of ST-T 
changes in the latter group lasted for several hours and only rarely 
was accompanied by chest pain that awakened the patient. 

Improvement in myocardial oxygen balance during sleep may ex- 
plain the improvement observed in the first group, whereas greater 
obstruction of the coronary vessels may result in the fixed pattern of 
the ST- T segment observed in the second group. No satisfactory ex- 
planation was found for the deterioration of the ischemic pattern ob- 
served in the third group. 


Changes in cardiovascular function during sleep, primarily a de- 
crease in heart rate and systolic blood pressure, have been described 
by Katsch and Ransdorf! and Boas et al.2.3 Previous reports of elec- - 
trocardiographic changes during sleep were limited to observations of 
P-R and Q-T intervals,*:5 and did not discuss nocturnal changes in 
the ST-T segment, probably because continuous 24 hour recordings 
were not obtainable until the development of a reliable system such 
as that of Holter.9-8 

This report describes our findings in 140 patients with ischemic 
heart disease whose electrocardiograms were studied by continuous 
24 hour recording. This procedure enabled us to compare the diurnal 
and nocturnal ST-T segment patterns and to determine whether the 
electrocardiogram remains constant during sleep in these patients. In 
a previous study? of patients with normal electrocardiograms, we 
found no changes during sleep. 


Materials and Methods 


One-hundred and forty patients (90 men and 50 women) with ischemic 
heart disease were studied. The diagnosis was based on one or more of the 
following criteria: history of myocardial infarction, typical anginal pain, 
electrocardiographic changes at rest or positive exercise test. The ages of 
the patients ranged between 40 and 71 years (average age 52 years). No pa- 
tient had congestive heart failure or was receiving digitalis, and none was 
given any drugs on the day of monitoring. In most cases the electrocardio- 
gram was recorded while the patient performed normal, everyday activities. 
A few patients were hospitalized, but none was bedridden. Forty-two nor- 
mal subjects with no clinical or electrocardiographic evidence of cardiovas- 
cular disease were also studied. 

The Electrocardiocorder 350 E (Avionics), which includes a magnetic 
tape recorder with rechargeable batteries, was used. The batteries and tape 
were replaced after 12 hours. Three nonpolarizable compressed pellet silvere 
silver chloride electrodes (Mannen-Greatbatch) were attached to the chest, 
which was shaved in all male patients. The exploring electrode was placed 
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in the conventional V5 position, the ground electrode was 
attached to the manubrium sterni and the negative elec- 
trode was placed at the right sternal border in the fourth 
intercostal space. The electrocardiographic complexes ob- 
tained in this manner resembled those of lead Vs, which is 
considered the most sensitive lead for demonstrating 
ST-T changes.!? Control tracings were recorded with the 
patient in the erect and supine positions. After 24 hours of 
recording, all subjects were interviewed about cardiac 
symptoms. 

The magnetic tapes were interpreted with the aid of the 
Electrocardioscanner (Avionics) and ambiguous sections 
of the tape were transferred to standard electrocardio- 
-graphic paper for detailed interpretation. An improved 
technique enabled immediate printout.11 The recording 
System was tested for accuracy in reproduction of the 
- ST- T segment and was found to be reliable.12 The data 
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FIGURE 2. Electrocardiograms obtained during the day (top 
*panel) (recorded during precordial pain) and during undisturbed 
Sleep (bottom panel). 
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FIGURE 1. Electrocardiograms ob- 
tained during a typical part of the 


ter panel) and during sleep (bot- 
| y tom panel). 


described were derived in each instance from the printout 
of the electrocardiogram, and visual scanning was not 
used for a final diagnosis. 


Results 

The 42 normal subjects had no ST-T changes dur- 
ing the day or night. Of the 140 patients with isch- 
emic heart disease, 22 had normal ST-T patterns 
during the day, 21 had transient changes and 97 had 
permanent pathologic ST-T segments during the 
day. Changes during sleep—either improvement or 
deterioration—were observed in 76 of the 140 pa- 
tients studied. 

Normal ST-T pattern throughout sleep: This 
pattern was observed in all 22 patients who had nor- 
mal ST-T segments during the day and in 7 of the 
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FIGURE 3. Electrocardiograms obtained during the day, show- 
ing permanent ST-T changes (top panel), and during sleep 
(bottom panel), showing more marked ST-segment depression 
and T wave inversion. 
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patients who had transient ST-T changes during the 
day on exertion. 

Fixed pathologic ST-T pattern throughout 
sleep: In 35 patients the persistent pathologic ST-T 
pattern observed during the day remained un- 
changed during sleep. 

Deterioration of the ST-T pattern during sleep: 
Fourteen patients who had transient ST-T changes 
during the day only on exertion had more pro- 
nounced and more prolonged ST-T changes during 
sleep (Fig. 1). Similarly, more marked ST-T depres- 
sions and further inversion of T waves were observed 
during sleep in 23 of those patients who also had 
permanent ischemic ST-T changes during the day. 
In 20 of these patients there was further ST-T seg- 
ment depression together with inversion of T waves 
(Fig. 2 and 3); in 3 patients the deterioration during 
sleep was expressed in T wave inversion alone (Fig. 
4). The deterioration in the ST-T pattern in these 
patients lasted for 1 to 3 hours and in some patients 
for as long as 5 hours. Only 2 patients were awak- 
ened by precordial pain; the others slept apparently 
undisturbed and did not recall nightmares or other 
stressful factors the next morning. The ischemic 
changes observed were not limited to a particular pe- 
riod of the night and appeared with similar frequen- 
cy during the different hours of sleep. They were not 
accompanied by excessive bradycardia and, since 
they usually lasted several hours, they were appar- 
ently not related to a particular stage of sleep, such 
as the phase of rapid eye movement, for example. 

Improved ST-T pattern during sleep: In 39 pa- 
tients there was improvement in the ST-T pattern, 
and in 11 of this group the pattern returned to nor- 
mal (Fig. 5). 


Discussion 


The abnormal ST-T segment of patients with non- 
active chronic ischemic heart disease is not expect- 
ed to change unless there is anginal pain or some 
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ing flattening of T wave (top panel), and during sleep (bottom 
panel), showing T wave inversion. 











form of emotional or physical stress.13 Certainly the 
pattern would not be expected to change during 
sleep. However, in our study, the pattern was un- 
changed at night in only 35 percent of patients. 

In 40 percent of the patients with fixed ST-T seg- 
ment changes during the day, the severity of the 
changes decreased during sleep. In these patients the 
balance between oxygen supply and oxygen require- 
ment of the myocardium during sleep may have 
shifted in favor of the former. This improved balance 
may have resulted from a smaller decrease in coro- 
nary than in systemic blood flow during sleep. The 
level of coronary blood flow depends mainly on the 
level of diastolic pressure!^ which changes little dur- 
ing sleep. On the other hand, the level of systemic flow 
shows a greater reduction during sleep since it is pri- 
marily affected by systolic and arterial mean pres- 
sures. Consequently, the myocardium, with a de- 
creased load due to reduced demand, receives a rela- 
tively higher portion of the cardiac output, reflected 
in the electrocardiogram by improvement in the 
ST-T pattern. A certain analogy can be drawn be- 
tween patients with labile hypertension whose blood 
pressure approaches normal during sleep and who 
therefore have a better prognosis and our patients 
with labile ST-T patterns. In the latter group, the 
course of ischemic disease may be milder than in pa- 
tients with fixed abnormal ST-T patterns, whose 
oxygen balance may not improve during sleep be- 
cause there is greater obstruction of the coronary 
vessels. 

The 25 patients with deterioration in the ST-T 
pattern during sleep are of particular interest. Al- 
though nocturnal angina often occurs during the 
later stages of ischemic heart disease the patient 
usually awakens during such attacks. In this group 
only 2 patients awakened because of chest pain at 
the time of the ST-T changes; in the other 23 pa- 
tients the prolonged ST-T changes occurred during 
undisturbed sleep. In some of the patients the noc- 
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turnal electrocardiographic changes were even more 
pronounced than changes accompanied by chest pain 
during the day. This finding may indicate the in- 
creased pain threshold during sleep or dissociation 
between ischemic changes in the electrocardiogram 
and cardiac pain. 

The mechanism leading to pronounced nocturnal 
ST-T changes is still unclear. We cannot ascribe the 
changes to dreaming, and they probably are not re- 
lated to the depth of sleep or sleep phases, such as 


the relatively short rapid eye movement phase, since 
they persisted for several hours and were not con- 
fined to a particular period of the night. Tachycardia 
or excessive bradycardia did not accompany the 
changes, and the slower heart rate prevailing during 
sleep continued during the ischemic period. 
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To evaluate several types of cardiovascular stress tests adaptable to 
the cardiac catheterization laboratory, modified ventricular function 
curves were constructed in 60 selected patients with a chest pain 
syndrome by plotting left ventricular stroke work index (SWI) against 
left ventricular end-diastolic pressure (EDP). After infusion of angio- 
graphic contrast medium, all normal control subjects exhibited an 
ascending ventricular function curve (A[ASWI/ AEDP]>0.1). Nine 
of the 10 patients with coronary artery disease and abnormal resting 
dynamics had a flat or depressed ventricular function curve. Twenty- 
six of the 37 patients with coronary artery disease and normal rest- 
ing dynamics also had a depressed ventricular function curve. Nine 
normal subjects, when challenged by both static and dynamic exer- 
cise, exhibited an ascending ventricular function curve similar to the 
response to angiographic contrast medium. When 21 patients with 
coronary artery disease and normal dynamics underwent stress, flat 
or depressed ventricular function curves were seen in 71 percent of 
patients after infusion of angiographic contrast medium, 48 percent 
of the patients after static exercise, and 38 percent of patients after 
dynamic exercise. No patient with a normal response to the contrast 
medium had an abnormal response to either form of submaximal 
exercise. Thus, the combined hypervolemic and myocardial depres- 
sant effects of angiographic contrast medium serve as a convenient 
and reliable intervention to elicit left ventricular dysfunction in pa- 
tients with coronary artery disease and normal ventricular function at 
rest. 


Cardiovascular stress precipitates left ventricular dysfunction in 
many patients with cardiac disease who have normal ventricular 
function at rest. A variety of stress tests have been employed during 
cardiac catheterization procedures to elicit evidence of such dysfunc- 
tion. These include dynamic exercise,!-? static (isometric) exercise,? 4 
atrial pacing,? infusion of angiotensin? and infusion of angio- 
graphic contrast agents.5 1! These tests vary in the amount of dis- 
comfort they cause the patient, as well as in the consistency of 
hemodynamic response, ease of performance and ability to differen- 
tiate normal control subjects from patients with obstructive coronary 
artery disease. In the present study we assessed the comparative 
value of several types of cardiovascular stress tests with emphasis on 
the response to a commonly used angiographic contrast medium. 


Materials and Methods 


Patient selection: The following criteria were used to select patients for 
this study: presence of a chest pain syndrome severe or frequent enough to 
warrant referral for coronary arteriography without concomitant rheumatic? 
pericardial, congenital or hypertensive (diastolic blood pressure 100 mm Hg 
or greater) disease. In addition, no patient was receiving digitalis. Patients 
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using propranolol had stopped taking the drug 36 to 48 
hours before catheterization. Forty-seven patients had 
coronary artery disease, and 13 had normal coronary arte- 
ries, as demonstrated by coronary arteriography. 

Radiologic and electrocardiographic data: Standard 
diagnostic criteria were used to determine radiologic evi- 
dence of left ventricular enlargement and electrocardio- 
graphic evidence of prior transmural myocardial infarc- 
tion.1? 

Catheterization and angiographic procedures: All pa- 
tients were evaluated by cardiac catheterization proce- 
dures similar to those reported previously.13 Left ventric- 
ular end-diastolic pressure (LVEDP) was measured at 
high sensitivity and averaged over a minimum of 5 beats 
(normal value 12 mm Hg or less). Cardiac output was de- 
termined by the indocyanine green indicator-dilution 
technique (normal value 2.5 liters/min per m? or greater). 
Left ventricular stroke work index (LVSWI gram-meters 
per beat per square meter of body surface area) was cal- 
culated as follows: 


LVSWI = (LVsm - LVEDP) x SI x 1.36/100 


where LVsm - left ventricular systolic mean pressure 
(millimeters of mercury) and SI - stroke index (millili- 
ters per beat per square meter of body surface area). Two 
points (at rest and during stress) were plotted as compo- 
nents of a modified ventricular function curve. 

Left ventricular volume and ejection fraction were cal- 
culated from end-diastolic and end-systolic angiographic 
Silhouettes in the right anterior oblique projection.14 
Values for volume and ejection fraction in the 13 patients 
with normal coronary arteriograms and normal resting 
hemodynamics were used as the standard of reference, 
that is, normal end-diastolic volume — 97 ml/m? + 30 (2 
standard deviations) and normal ejection fraction = 66 
percent + 15 (2 standard deviations). 

Left cineventriculograms were also evaluated by the 
method of Herman et al.,13 and the term "asynergy" was 
used to define any significant abnormality of left ventricu- 
lar wall motion. 

High-quality selective coronary cinearteriograms were 
obtained on 16 mm film with use of either 6 inch dual 
field General Electric or Siemens image intensifier X-ray 
systems. Stenosis of 75 percent or more of a vessel lumen 
was considered evidence of obstructive coronary artery 
disease. 

Stress tests: The study is divided into 2 sections. 

la. Effects of angiographic contrast medium on left ven- 
tricular function: All 60 patients were studied as follows: 
Stroke index and ventricular pressure were determined at 
rest and stroke work index was calculated. A left cineven- 
triculogram was then obtained using 40 to 50 ml of a radi- 
opaque contrast agent (75 or 76 percent meglumine sodi- 
um diazotroate) injected at a rate of 15 ml/sec into the 
left ventricle. Between 2 and 3 minutes after injection, 
values for ventricular pressure and cardiac output were 
again recorded and stroke work index was calculated. 
Identical calibration factors were obtained using dye blanks 
with and without 1 percent solutions of contrast medium, 
thereby demonstrating that the amount of contrast medium 
used in the study did not artifactually affect the output 
values. 

lb. Effects of an isosmotic, isovolumic injection on left 
ventricular function: Ten of the patients mentioned also 
underwent stress with 40 to 50 ml of a 31.5 percent glu- 

*cose solution containing 1,755 milliosmoles/liter (identical 
to that of a similar volume of angiographic contrast medi- 


um). The glucose solution was also injected into the left 
ventricle at a rate of 15 ml/sec. In addition to resting 
values, pressure and cardiac output data were also record- 
ed between 2 and 3 minutes after the infusion of glucose. 
After a 15 minute rest period, values for pressure and car- 
diac output were again recorded and left ventriculography 
was performed in the manner described previously. 

2. Comparative study of 3 stresses (angiographic con- 
trast medium, and submaximal static and dynamic exer- 
cise): Thirty of the 60 patients comprised this study group. 
Patients performed static exercise by using a C.H. Stoelting 
Company hand dynamometer and maintaining 50 percent 
of maximal tension for 2 minutes. Values for pressures and 
output were then recorded. After a 15 minute rest period, 
dynamic exercise was performed by having the patients ex- 
ercise with active leg movements against resistance (simi- 
lar to bicycle pedaling) for an average of 3 to 5 minutes 
until a heart rate of approximately 100 beats/min was 
achieved. This state was maintained for 3 minutes, and 
left ventricular pressure and cardiac output data were 
then recorded. After the dynamic exercise, the patients 
were allowed to rest for 15 minutes until the left ventricu- 
lar pressure, heart rate and cardiac cutput had returned to 
control values. None of the 30 patients required nitroglycer- 
in after either type of exercise, although several experienced 
transient episodes of chest pain. After the second rest pe- 
riod had been completed, the left cineventriculogram was 
obtained as described. 


Results 


Classification of Patient Groups by Resting 
Hemodynamics 


All 13 patients with a normal coronary arteriogram 
had normal values for left ventricular end-diastolic 
pressure (mean 8.3 mm Hg) and cardiac index. In 
addition, all had a left ventricular end-diastolic vol- 
ume of less than 125 ml/m? and a systolic ejection 
fraction greater than 50 percent. As described under 
Materials and Methods, these values represent the 
respective upper and lower limits of normal in our 
study. 

Ten of the 47 patients with coronary artery disease 
were considered to have abnormal left ventricular 
function at rest. All 10 had an end-diastolic pressure 
greater than 12 mm Hg (mean 20.2): all had an ab- 
normal end-diastolic volume and cardiac index; and 
7 had an abnormal ejection fraction. The remaining 
37 patients with coronary artery disease had nor- 
mal left ventricular function. All 37 had an end-di- 
astolic pressure of 12 mm Hg or less (mean 10.0); 34 
had a normal end-diastolic volume, 31 a normal car- 
diac index, and 35 a normal ejection fraction. 


Responses to Stress 


la. Effect of angiographic contrast medium 
(Fig. 1): After infusion of contrast medium, all 13 
patients with a normal coronary arteriogram had an 
ascending ventricular function curve ( A[ASWI/AEDP] 
> 0.1). Twelve of these patients had a slope (A) 
greater than 1.0 and the remaining patient had a 
slope of 0.6. The mean slope and standard error of 
the mean for these 13 patients was 5.2 4 0.3. (Stroke 
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FIGURE 1. Modified ventricular function curves in 60 patients 
with a chest pain syndrome. After infusion of angiographic con- 
trast medium, the slope of the ventricular function curve was 
significantly greater (P <0.001) in the 13 patients with a normal 
coronary arteriogram (NCA) than in the 10 patients with coronary 
artery disease and abnormal resting hemodynamics (CAD8bn!) 
or the 37 patients with coronary artery disease and normal resting 
hemodynamics (CAD?!). 


work index rose from 42.9 + 3.0 to 53.3 + 3.4, and 
left ventricular end-diastolic pressure increased from 
83 + 1.5 to 10.3 + 1.7 mm Hg.) Only 2 patients had 
increases of 5 mm Hg or greater in left ventricular 
end-diastolic pressure. 

Nine of the 10 patients with coronary artery dis- 
ease and abnormal resting hemodynamics had a flat 
or depressed ventricular function curve (A <0.1); the 
remaining subject had a slope of 0.3. The mean slope 
for this group was —0.6 + 0.3. (Stroke work index fell 
from 27.5 + 2.4 to 23.8 + 2.2, and left ventricular 
end-diastolic pressure increased from 20.2 + 2.3 to 
26.4 + 2.8 mm Hg.) 

Of the 37 patients with coronary artery disease 
and normal resting hemodynamics, 11 had an as- 
cending response (including 5 with a slope between 
0.1 and 1.0). The mean slope for this group was —0.6 
+ 0.5. (Stroke work index fell from 45.5 + 2.7 to 42.0 
+ 2.3, and left ventricular end-diastolic pressure in- 
creased from 10.0 + 1.8 to 15.8 + 1.9.) 

1b. Effects of an isosmotic, isovolumic injection 
(Table I): Both hypertonic glucose infusion and an- 
giographic contrast medium resulted in an ascending 
ventricular function curve in the 2 normal control 
subjects as well as 1 patient with coronary artery 
disease. Hypertonic glucose elicited a flat response in 


only 3 of the other 7 patients with coronary artery 


disease, whereas angiographic contrast medium re- 
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sulted in a flat or depressed ventricular function curve 
in all 7. 

2. Comparative study of 3 stresses (angiograph- 
ic contrast medium, submaximal static and dy- 
namic exercise): Thirty patients from the original 
study group were observed. Nine had a normal coro- 
nary arteriogram, and 21 had coronary artery disease. 
All had normal left ventricular function at rest, with 
mean values for left ventricular end-diastolic pressure 
of 9.8 and 8.2 mm Hg, respectively, for those with and 
without coronary artery disease. 

Left ventricular end-diastolic pressure: The mean 
value for left ventricular end-diastolic pressure dur- 
ing each of the 3 types of stress tests was significant- 
ly higher in the patients with coronary artery disease 
than in those with a normal coronary arteriogram 
(Fig. 2A). However, only end-diastolic pressures of 
15 mm Hg or more were consistently associated with 
coronary disease. At lesser values there was consider- 
able overlap. Similarly, the degree of change in end- 
diastolic pressures between control and stress states 
was also of limited value (Fig. 2B). Although 
changes of 5 mm Hg or more were usually associated 
with coronary artery disease, there was again overlap 
at lesser values. 

Left ventricular stroke work index: Values for 
stroke work index were similar in both groups at rest 
(Fig. 3); the mean value was 42.4 + 2.9 in patients 
with a normal coronary arteriogram, and 45.2 + 2.5 
in patients with coronary artery disease (P value not 
significant, unpaired t test). After 3 types of cardio- 
vascular stress tests, stroke work increased signifi- 
cantly (paired t test) in patients with a normal coro- 
nary arteriogram as follows: 53.8 + 3.4 after infusion 


TABLE I 


Hemodynamic Effects of Angiographic Contrast Medium 

(ACM) Compared to Effects of Hypertonic Glucose and 

Static and Dynamic Exercise 

Riu cue ESS cu Ee EE TEE Oa 
Combinations of 


Ventricular Function Curves 
no. of 


Pa- Dynamic Static 
tients Glucose ACM Exercise Exercise 


oe WEES SOL Se, 





Hypertonic 
glucose (10) 
NCA (2) 2 t 1 
CAD (8) 1 1 1 
4 1 | 
3 Y " es 
Exercise (30) 9 t t t 
NCA (9) 6 t t t 
CAD (21) 7 { i } 
5 { t t 
3 i 1 { 


... = not performed; 4 = ascending curve; | = flat or de- 
pressed curve; CAD = coronary artery disease; NCA = normal * 
coronary arteriogram. 
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LVEDP\mmHg) 


in patients with a normal coronary arteriogram (NCA) and in pa- 
had normal resting hemodynamics. A, left ventricular end-diastolic 


LVEDP (mmHg) 
FIGURE 2. A comparison of 3 types of cardiovascular stress tests 
tients with coronary artery disease (CAD). Both groups of patients 


pressure (LVEDP) during stress testing. B, differences between left ventricular end-diastolic pressure in the resting and stress state. 
Statistically significant differences (P <0.05) were observed between the 2 groups of patients after all 3 types of stress, but there was 
individual overlap at lesser values in both A and B. X 


of angiographic contrast medium, 57.3 + 5.3 after 
handgrip and 61.1 + 4.3 after leg exercise. By con- 
trast, values in the patients with coronary artery dis- 
ease showed no significant changes: 41.2 + 2.2 after 
contrast medium, 47.0 + 2.6 after handgrip, and 52.3 
x 3.1 after leg exercise. 

Ventricular function curves (ASWI/AEDP): All 9 
patients with a normal coronary arteriogram had an 
ascending ventricular function curve with a slope 
greater than 1.0 after all 3 forms of stress tests (Fig. 
3). The mean slope after infusion of contrast medium 
was 6.0 + 1.0, after handgrip exercise 7.4 + 1.2, and 
after leg exercise 8.9 + 1.6. 

After infusion of contrast medium, 6 patients with 
coronary artery disease had an ascending response 
(including 2 with a slope between 0.1 and 1.0), and 
15 (71 percent) had a slope of zero or less. The mean 
slope was —0.6 + 0.4. After handgrip exercise, 11 pa- 
tients had an ascending response (including 2 pa- 
tients with a slope between 0.1 and 1.0), and 10 pa- 
tients (48 percent) had a slope of zero or less. The 
mean slope was 0.3 + 0.5. After leg exercise, 14 pa- 
tients had an ascending response (including 3 pa- 
tients with a slope between 0.1 and 1.0), and only 7 
(38 percent) had a slope of zero or less. The mean 
slope was 1.4 + 0.7. 

Table I lists the various combinations of ventricu- 
lar function curves. None of the 6 patients with an 


24 


ascending response to contrast medium had a flat or 
depressed response to either type of exercise, al- 
though the converse was not true. 

Because of the rest periods, additive effects of the 3 
stresses were not observed; that is, patients tested 
with contrast medium only had nearly identical mean 
slopes and percentages of abnormal curves as those 
tested with both exercise and ventriculography. 


Normal and Abnormal Responses to Contrast Medium 
in Patients with Coronary Disease and Grossly 
Abnormal Resting Hemodynamics (Table 11) 


The 11 patients with coronary artery disease who 
had an ascending response to infusion of angiograph- 
ic contrast medium had a higher frequency of single 
vessel disease and collateral vessel formation than 
the 26 patients with a flat or Gepressed response. 
However, the difference was not statistically signifi- 
cant (chi-square test). All other measures of left 
ventricular function by clinical or resting hemody- 
namic criteria did not differentiate between the 
group with normal and abnormal responses. How- 
ever, a flat or depressed ventricular function curve 
was present in the 2 patients who had a reduced ejec- 
tion fraction, 2 of 3 patients with increased end-dia- 
stolic volume, and 4 of 6 patients with a low cardiac 
index. 
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FIGURE 3. Comparison of ventricular function curves in 3 types 
of stress in 30 patients: The group of patients with a normal coro- 
nary arteriogram (NCA) responded with an ascending ventricular 
function curves to all 3 types of cardiovascular stress [infusion of 
angiographic contrast medium, dynamic leg exercise, and static 
(Handgrip) exercise], but there were no statistically significant 
differences in À (ASWI/AEDP). By contrast, the group of pa- 
tients with coronary artery disease and normal resting hemody- 
namics (CAD?!) had an ascending ventricular function curve after 
dynamic exercise, a depressed curve after infusion of contrast 
medium and an intermediate response to static exercise, al- 
though P values were not significant. LVEDP = left ventricular 
end-diastolic pressure; LVSWI = left ventricular stroke work 
index. 


Discussion 


Cardiovascular stress tests used in our study in- 
cluded response to angiographic contrast medium, 
static (handgrip) exercise and dynamic (active leg) 
exercise. Atrial pacing was not employed because of 
the well recognized problem of accurately interpret- 
ing end-diastolic pressure at a very rapid heart rate. 
Angiotensin infusion was not used in order to avoid 
the multiple actions of pharmacologic interventions, 
and because the mechanism of this agent may be 
similar to that of the handgrip test.15 This latter 
procedure is an easily performed static exercise that 
evokes a marked pressor response, often accompa- 
nied by an increase in cardiac output. Patients with 
normal ventricles have been reported to show little 
increase in end-diastolic pressure despite the in- 
crease in systemic pressure. Patients with primary or 
secondary forms of myocardial disease often show 
exaggerated responses in end-diastolic pressure.?.4.19 
Dynamic exercise may result in increased venous re- 
turn and increased ventricular filling pressures in pa- 
tients with coronary artery disease. The response of 
end-diastolic pressure in normal subjects has been 
reported to range from 12! to as high as 24 mm Hg? 
Angiographic contrast medium has been shown to 
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decrease peripheral vascular resistance, increase 
blood volume and have depressant effects on the 
myocardium.8-11.16.17 This combination may result 
in reduction of the first derivative of left ventricular 
pressure (dP/dt), systemic hypotension and in- 
creased pulmonary and left ventricular filling pres- 
sures. These effects are most marked within several 
minutes of intraarterial or intraventricular injections 
of large amounts of dye.?:11.16 Normal subjects have 
been reported to show little hemodynamic depression 
after dye infusion for either ventriculography or coro- 
nary arteriography, whereas those with myocardial 
disease often exhibit the abnormal responses.9-11 

In our study, all 3 types of stress tests had little 
adverse effect on cardiac dynamics in nonhyperten- 
sive symptomatic patients with normal coronary 
arteriograms and normal hemodynamics at rest (Fig. 
3). Whatever the origin of the chest pain syndrome in 
these patients, left ventricular function appeared to 
be normal both at rest and after stress in our series 
of subjects. We realize that the criteria used to define 
normal left ventricular function, particularly after 
stress, are arbitrary since there is no absolute yard- 
stick that defines normality. However, the relation be- 
tween stroke work index and end-diastolic pressure 
is particularly useful in characterizing responses to 
stress. Thus, even though normal. subjects mày oc- 
casionally have a marked increase in left ventricular 
end-diastolic pressure after stress, left ventricular 
stroke work also increases, usually in proportion to 
the increase in left ventricular end-diastolic pressure. 
These modified ventricular function curves have been 
shown to be as accurate in differentiating normal 
from abnormal ventricular function as other more 
sophisticated and difficult-to-obtain indexes, such as 
Viax.* Stress tests based on the Frank-Starling 
principle can elicit evidence of ventricular dysfunc- 
tion (that is, a flat or depressed ventricular function 
curve), not only in those persons with marked eleva- 
tions in the level of end-diastolic pressure, but in 


TABLE II 


Correlations Between Results of Angiographic Contrast 
Medium (ACM) Stress Tests, and Clinical and Catheterization 
Findings in 37 Patients With Coronary Artery Disease 





Responses to ACM 











11 Patients 26 Patients 
With With Flat or 
Clinical and Catheterization Findings Ascending VFC Depressed VFC 
Prior myocardial infarction (20) 6 14 
Left ventricular enlargement (6) 2 4 
One-vessel disease (12) 5 7 
Collateral vessel formation (28) 10 18 
Resting values* 
End-diastolic volume index (ml) 100+ 8 107+ 9 
Ejection fraction (96) : 60 + 3 57 2:2 
Cardiac index (liters/min per m?) 2.9+0.4 2.84 0.6 





VFC — ventricular function curve. 
* — mean c standard error of the mean. 
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those with lesser elevations who also show subnormal 
or reduced responses in stroke work index. Thus, pa- 
tients with coronary artery disease and normal 
hemodynamics at rest often had a flat or depressed 
_function curve, particularly after infusion of angio- 
graphic contrast medium. These modified curves are 
interpreted as reflecting a shift within a family of 
curves, rather than as ascending or descending 
limbs of the same curve. However, the abnormal 
nature of this type of response is further con- 
firmed by the similar type of ventricular func- 
tion curve recorded after ventriculography in 9 
of 10 patients with coronary artery disease and ob- 
vious left ventricular dysfunction at rest. Ventricular 
function curves that exhibited only minimally as- 
cending slopes (between 0.1 and 1.0) were seen in 5 
other patients (4 with coronary disease) and proba- 
bly represent an intermediate stage between normal 
and frankly abnormal function, since the increase in 
stroke work is accompanied by an exaggerated re- 
sponse of end-diastolic pressure. Because left ven- 
tricular end-diastolic pressure is not necessarily re- 
lated to end-diastolic volume, it is not clear whether 
the intermediate and abnormal ventricular function 
curves are manifestations of transient heart failure or 
reduced ventricular compliance, or both. 

Certain differences between the subgroups of pa- 
tients with coronary artery disease with and without 
&bnormal ventricular function curves (and with 
grossly normal resting hemodynamics) are worth com- 
menting on. Although the frequency of prior myocar- 
dial infarction, left ventricular asynergy and left ven- 
tricular enlargement and resting indexes of hemody- 
namic function were similar in both groups, the 11 
patients with normal responses to dye usually had 
less advanced coronary artery disease (Table II). 


Implications of study: The results of our study 
indicate that the hemodynamic response to angio- 
graphic contrast medium is a test of ventricular 
function. In a group of patients with coronary artery 
disease and essentially normal ventricular function 
at rest, this test elicited evidence of ventricular dys- 
function more frequently than handgrip or leg exer- 
cises. Although it is probable that more vigorous leg 
exercise might have resulted in a higher frequency of 
abnormal ventricular function curves (and anginal 
symptoms) in the patients with coronary artery dis- 
ease, the aim of the study was not to produce angi- 
na, but rather to select a stress test that was easy to 
perform in the catheterization laboratory, caused 
minimal discomfort to the patient and yielded con- 
sistent hemodynamic results. 

The angiographic contrast medium stress test, 
even more than the simple handgrip test, appeared to 
fulfill these requirements best, particularly since in- 
troduction of a standard amount of contrast agent is 
essential to the diagnostic procedure. The action of 
the contrast medium in our study was not due solely 
to its hyperosmotic effect, as evidenced by the differ- 
ent response elicited by an isosmotic, isovolumic 
infusion of glucose (Table I) in some patients. On the 
basis of these differences and reports from other in- 
vestigators showing reductions in dP/dt,!? we infer 
that the contrast medium potentiated latent dys- 
function through its myocardial depressant effect as 
well as by augmentation of the Starling effect. 
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Intraventricular conduction time (H-V interval) was recorded during 
antegrade conduction in 16 patients with various intraventricular 
conduction abnormalities who showed second degree or complete 
heart block. In 9 patients the block was localized distal to the His 
bundle potential (H) by His bundle electrography. The remaining 7 
patients had shown block before the study. The H-V interval during 
antegrade conduction was prolonged in 15. Atrial pacing was per- 
formed in 6 patients during 1:1 A-V conduction. In 3 patients sec- 
ond degree atrioventricular (A-V) block developed distal to the H 
potential. In 2 of these patients, complete hear! block had been 
noted earlier, and in 1 it developed 3 months after the study. The re- 
maining 3 patients showed 1:1 A-V conduction during atrial pacing, 
even though each had earlier shown complete heart block. We con- 
clude that the majority of patients with bundle branch block who ex- 
perience heart block have a prolonged H-V interval during ante- 
grade conduction. Atrial pacing performed during 1:1 A-V conduc- 
tion may or may not produce block distal to the H potential. 


Clinical and electrocardiographic studies have shown that the major- 
ity of patients demonstrate some form of bundle branch block before 
the onset of high grade or complete heart block.!- Diffuse fibrosis of 
the bundle branches has been noted on pathologic examination of 
the conduction system in such patients.*!1? Recent studies utilizing 
His bundle electrography have shown that in most patients with 
chronic complete heart block the block is distal to the His bundle 
potential; that is, in the bundle branches or, rarely, in the His bun- 
dle.1113 At present there is no way to predict in which patient with 
bundle branch block complete heart block will develop.!* Although a 
prolonged intraventricular conduction time (H- V interval) is thought 
to indicate delay in the functioning bundle, an increased risk of heart 
block has not been demonstrated in such cases. 

Sixteen patients with various intraventricular conduction abnor- 
malities and spontaneous second degree or complete heart block are 
described (Table I). The H-V interval recorded during supraven- 
tricular conduction was prolonged in 15 patients. Atrial pacing at 
various rates was performed in several cases. The prognostic value of 
the H-V interval and the role of atrial pacing are discussed. 


Methods 


His bundle electrograms were recorded by the method described by 
Scherlag et al.15 A no. 6 bipolar electrode catheter with an interelectrode 
distance of 1 cm was passed percutaneously by way of a femoral vein and 
advanced until the tip was across the tricuspid valve. His bundle electro- 
grams were recorded on an Electronics for Medicine multichannel recorder 
at a frequency response of 40 to 500 Hz and at paper speeds of 75 and 150 
mm/sec. One or more leads of the peripheral electrocardiogram were re- 
corded simultaneously. Atrial pacing was performed with a second catheter 
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TABLE I 
Summary of 16 Cases 


re TE i Se es S 





Interval 
Case Age (yr) QRS A-H H-V 
no. &Sex Configuration P-R(sec) (msec) (msec) 
1 76F RBBB, LAH 0.24-0.28 140 80-120 
2 82M RBBB, LAH 0.22 90 100 
3 90F RBBB 0.17-0.20 100 60-90 
4 78M RBBB, LAH 0.18 100 60 
5 81M RBBB, LAH 0.16 80 75 
6 65M RBBB, LAH 0.22 60 125 
7 98F LBBB 0.17 70 70 
: RBBB, LPH 
8  55F RBBB, LAH 0.20-0.28 90 110-190 
9 54F RBBB, LAH 0.23 150 60 
10 88M RBBB 0.22 140 65 
11 75M RBBB, LPH 0.20 100 85 
12 71F RBBB 0.20 90 70 
13. 75M RBBB, LAH 0.21 85 85 
14 48M RBBB, LAH 0.21 90 100 
RBBB, LPH 0.18 85 80 
15  .86F RBBB 0.16 100 50 
16 75F RBBB, LAH 0.16 80 75 


AP 130/min; 2:1 block distal to H 


AP 100/min; Mobitz type II block 
distal to H 


AP 118/min; 2:1 A-V block distal 
to H 


AP 150/min; 1:1 A-V conduction 


AP 150/min; 1:1 A-V conduction 


AP 150/min; 1:1 A-V conduction 


Effect of Atrial Pacing Type and Site of Block 

High grede and complete heart 
block before and during study. 
Block localized distal to H 

CHB 3 months after initial 
study. Block localized distal 
to H 

Wenckebach block during study. 
Block localized distal to H 

Transient complete heart block 
before study 

Mobitz type Il second degree 
block before study 

Transient CHB before study 


2:1 and high grade block during 
study. Block localized distal 
to H 

Wenckebach and high grade 
block during study. Block 
localized distal to H 

Transient high grade and CHB 
before study 

Mobitz type Il block during 
study. block localized distal 
to H 

Transient CHB before study 
(during prostate surgery) 

Transient CHB before study 

2:1 A-V block during study. 
Block localized distal to H 

Transient high grade and 
complete A-V block during 
study. Block localized distal 
to H 


2:1 A-V block during study. 
Block localized at A-V node 
and distal to H 

Transient CHB before study 


AP — atrial pacing; A-V — atrioventricular; CHB — complete heart block; H = His potential; LAH = left anterior hemiblock; LBBB = 
left bundle branch block; LPH = left posterior hemiblock; RBBB = right bundle branch block. 


positioned against the lateral wall of the right atrium. His 
bundle pacing was attempted in several patients. 
Measurements: The following intervals were measured: 
The A-H interval, which includes intranodal conduction 
time, was measured from the onset of the atrial depolar- 
ization (A) to the onset of the His bundle depolarization 
(H). The H-V interval, which includes conduction time 
through the His bundle and the bundle branches, was 
measured from the onset of the His bundle deflection (H) 
to the onset of the ventricular depolarization either on the 
intracardiac electrogram or on the peripheral electrocardi- 
ogram, whichever came earlier. The normal range of the 
A-H and H-V intervals in our laboratory was determined 
from 12 patients with a normal P-R interval and QRS 
configuration who were receiving no medication. In these 
patients the A-H interval ranged from 70 to 140 msec and 
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the H-V interval from 35 to 55 msec. These values are 
similar to those reported by others.19-17 

Patient material: The 16 patients described here are 
among the 170 patients with various conduction abnor- 
malities studied in our laboratory during the past 18 
months. Fifteen patients were hospitalized because of syn- 
cope. Their ages ranged from 48 to 98 years. Eight pa- 
tients were male and 8 female. None had acute myocar- 
dial infarction. Nine patients had right bundle branch 
block and left anterior hemiblock. Four patients had only 
right bundle branch block. One had right bundle branch 
block and left posterior hemiblock. One had left bundle 
branch block alternating with right bundle branch block 
and left posterior hemiblock, and another had right bun- 
dle branch block with alternating left anterior and poste- 
rior hemiblock. Atrial pacing at various rates was per- 
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FIGURE 1. Case 14. The 12 lead electrocardiogram (top) has a pattern of right bundle branch block and left anterior hemiblock. The 
rhythm strip shows complete A-V block with an idioventricular rate of about 36/min. His bundle electrograms in the upper panel 


show sinus rhythm with 1:1 A-V conduction. High grade block 
The last QRS complex in the lower panel is a ventricular escape be 


formed in 6 patients during supraventricular conduction. 
His bundle pacing attempted in several patients invari- 
ably resulted in depolarization of the adjacent myocar- 
dium. Five patients were studied more than once. 


Results 


The H-V interval was recorded in all 16 patients 
during supraventricular conduction and ranged from 
50 to 190 msec. In 15 patients it was prolonged and 
ranged from 60 to 190 msec. In the remaining patient 
it measured 50 msec. 

Two patients (Cases 3 and 8) showed Wenckebach 
type of second degree A-V block, and in each in- 
stance the delay occurred distal to the His bundle 
potential. In 9 patients (Cases 1 to 3, 7, 8, 10 and 13 
to 15) the block (second degree, high grade or com- 
plete) was localized distal to the His bundle poten- 
tial by His bundle electrography. The remaining 7 
patients showed Mobitz type II or complete heart 
block on the electrocardiogram only; 1:1 A-V con- 
duction had returned in each of these 7 patients at 
the time of His bundle recordings. However, the con- 
figuration of the idioventricular complexes suggested 
that the site of the block was distal to the main His 
bundle. 

Atrial pacing produced Mobitz type II block distal 
to the H potential in 3 patients (Cases 2, 4 and 6). 


is present in the lower panel. Block occurs distal to the H potential. 
at. Paper speed 150 mm/sec; time lines 1 second. 


Patients 4 and 6 had earlier shown transient com- 
plete heart block, whereas Patient 2 had complete 
heart block 3 months after the study. In 3 other pa- 
tients (Cases 11, 14 and 16), atrial pacing failed to 
produce block distal to the His bundle, although all 
3 patients had previously shown complete heart 
block. One patient with a normal H-V interval had 
block at the A-V node and distal to the His bundle 
potential on different occasions. The only patient 
who was asymptomatic (Case 11) showed transient 
complete heart block during prostate surgery. 


Illustrative case descriptions: Figure 1 is from Patient 
14, who was admitted because of an episode of syncope 
while watching television at home. The 12 lead electrocar- 
diogram recorded in the emergency room shows a pattern 
of right bundle branch block and left anterior hemiblock. 
The rhythm strip recorded soon after admission shows 
complete A-V block. His bundle electrograms recorded 
during pacemaker insertion show many nonconducted 
beats. The block is distal to the His bundle potential. 
Two days after admission 1:1 A-V conduction returned. 
However, the QRS configuration had changed to right 
bundle branch block with left posterior hemiblock. Atrial 
pacing at a rate of 150/min at this time failed to produce 
block distal to the His bundle. á ? 

Figure 2 is from Patient 8, who w 
multiple syncopal episodes. The a 
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FIGURE 2. Case 8. The electrocardiogram (top) shows a pattern of right bundle branch block and left anterior hemiblock. The rhythm 
strip shows a Wenckebach type of second degree A-V block. In the His bundle electrogram the A-H interval remains constant, but the 


H-V interval varies and the block occurs distal to the H potential. Paper speed 75 mm/sec; time lines 1 second. 


gram shows a pattern of right bundle branch block with 
left anterior hemiblock. The A-V conduction pattern 
shows block of the Wenckebach type. His bundle electro- 
grams obtained at the time of admission show a progres- 
sive increase in the H-V interval prior to dropped beats. 
'The A-H interval remains unchanged. This kind of block 
has previously been noted by others.18-19 Intravenous ad- 
ministration of atropine decreased the A-H interval, but 
the Wenckebach type of block distal to the H potential 
persisted. 


Discussion 


Progression of bifascicular block to complete heart 
block has been well established by several electrocar- 
diographic and clinical studies.1-6 The reported inci- 
dence of high grade or complete heart block in pa- 
tients with right bundle branch block and left ante- 
rior hemiblock ranges from 6 to 13 percent, whereas 
heart block may develop in 62 percent of patients 
with right bundle branch block and left posterior 
hemiblock.?.3.5 It is presently not possible to predict 
in which patient with bundle branch block heart 
block will develop.14 

A prolonged H-V interval in a patient with bundle 
branch block indicates delay in the functioning bun- 
dle and has been found in 72 percent of patients with 
right bundle branch block and left anterior hemi- 
block, 100 percent of patients with right bundle 
branch block and left posterior hemiblock and 50 to 
100 percent of patients with complete left bundle 
branch block.29-23 Although a prolonged H-V inter- 
val is consistent with trifascicular disease, a direct 
correlation with the risk of heart block is not pres- 
, ently available. 

In the present series second degree block devel- 
oped distal to the H potential during atrial pacing in 
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3 patients. All had prolonged H-V intervals. In 2, 
transient complete heart block had occurred earlier, 
and in the third, complete heart block developed 
subsequently. Three additional patients who had 
shown complete heart block earlier did not have 
block during atrial pacing. In the series of Narula 
and Samet,?? 4 patients had block distal to the H 
potential during pacing, and all had a prolonged 
H-V interval. Rosen et al.!? described 3 patients 
with left bundle branch block who had block distal 
to the H potential during atrial pacing. The H-V in- 
terval was prolonged in all. None of the 24 patients 
described by Haft et al.?! had block distal to the H 
potential during pacing. We have not seen any pa- 
tient with a normal H-V interval who had block dis- 
tal to the H potential during atrial pacing. In pa- 
tients with a prolonged H-V interval, block distal to 
the H potential may occasionally develop during 
pacing. The role of atrial pacing as a stress test to 
the conduction system in patients with a normal 
H-V interval seems to be of little or no value at pres- 
ent. 

The finding of a prolonged H-V interval in 15 of 16 
patients in our series is in agreement with the results 
of Narula and Samet?? and Ranganathan et al.19 
Among 123 patients with various intraventricular 
conduction abnormalities described by Narula and 
Samet,?° 19 had shown spontaneous Mobitz type II 
or complete A-V block, and all 19 had a prolonged 
H-V interval. In a relatively small series of 4 pa- 
tients with Mobitz type II block distal to the His 
bundle potential, Ranganathan et al.!? found a pro- 
longed H-V interval in all. Rosen et al.22 described a 
patient with left bundle branch block who had 
complete heart block 1 to 1% years after the initial 





study. The H-V interval was prolonged in this pa- 
tient also. In contrast, Kranz and Haft?* found a 
prolonged H-V interval in only 1 of the 5 patients 
who showed Mobitz type II or complete heart block. 
Clinical implications: The results of our studies 
and those of others!9.29 suggest that the majority of 
patients with bundle branch block in whom heart 
block develops have a prolonged H-V interval during 
antegrade conduction. However, this does not mean 
that all patients with a prolonged H-V interval will 
have heart block or that patients with a normal H-V 
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interval are excluded from the risk of complete heart 
block. In a patient with a normal H-V interval, a 
prolonged H-V interval may gradually develop after 
months or years because of the progression of fibrosis 
in the functioning conduction system. Serial electro- 
physiologic studies of the conduction system would 
be necessary to prove this hypothesis. We believe 
that patients with a prolonged H-V interval have a 
higher risk of experiencing heart block. A long-term 
follow-up study of such patients is necessary to con- 
firm this assumption. 
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A squirrel monkey with naturally occurring Wolff-Parkinson-White 
syndrome was studied electrophysiologically anc anatomically. Two 
sites of preexcitation were found, one in the right ventricle, the other 
in the left ventricle. Induced premature atrial beats revealed func- 
tional dissociation of preexcitation; at one point block occurred in 
one pathway and not in the other. The anatomic features were stud- 
ied from 7 serial sections. Each section contained a plane through 
the entire heart, allowing visualization of the interrelations between 
the normal atrioventricular (A-V) node, His-Purkinje system, A-V 
ring and valves and 2 accessory connections that corresponded in 
location to the 2 areas of preexcitation. 

Atrial and ventricular activation were studied in 7 subjects with 
Wolff-Parkinson-White syndrome and various static forms of either 
right or left ventricular preexcitation. Whereas patients with right 
ventricular preexcitation demonstrated predominantly anomalous ex- 
citation and long QRS duration, those with left ventricular preexcita- 
tion demonstrated a greater component of norma! depolarization and 
less QRS duration. This finding appeared to be related to variation in 
the distance and activation times between the atrial pacemaker and 
the location of the right or left accessory tracts. Other findings dem- 
onstrated that dynamic changes in QRS configuration, varying be- 
tween more and less preexcitation, occurred as a result of changes 
in atrial activation and the relative input times to the normal and 
accessory A-V connections. The data indicate several probable 
mechanisms for the static and dynamic variability of the electrocar- 
diogram that is characteristic of the Wolff-Parkinson-White syn- 
drome. 


The Wolff-Parkinson-White syndrome has been related to preexcita- 
tion of the outer ventricular walls in recent direct activation stud- 
ies.1-3 Although there are several postulated mechanisms of this 
syndrome,*-6 data? in a dog with naturally occurring Wolff-Parkin- 
son-White syndrome established that at least one mechanism for focal 
preexcitation was an accessory muscular connection of the type de- 
scribed by Kent,*.8 which had a conduction velocity similar to that of 
the regular myocardium. This study also demonstrated the functional 
significance of the accessory bundle in the development and persis- 
tence of arrhythmias in the Wolff-Parkinson-White syndrome. Be- 
cause of the possibility of surgical division of an accessory connection 
to eliminate serious arrhythmias, there is a need to understand more 
precisely the anatomic-electrophysiologic bases of preexcitation. 
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RIGHT POSTERIO - LATERAL 


FIGURE 1. Epicardial activation sequence 

and electrocardiogram of squirrel monkey 

with Wolff-Parkinson-White conduction. Note 

the electrocardiographic evidence of Wolff- 
Parkinson-White conduction and the bilateral — amy 
regions of right and left ventricular preexci- 
tation demonstrated by the epicardial se- 400 msec 
quence map. 


An interesting, perplexing feature of this syndrome 
has been the large number of electrocardiographic 
variations encountered. There is a spectrum of elec- 
trocardiographic types which have been variously 
classified. These static differences have been postula- 
ted to be related to the different locations of the ab- 
normal atrioventricular (A-V) connections, presum- 
ably resulting in different patterns of ventricular 
activation. However, the present classifications are 
frequently confusing and redundant primarily be- 
cause the electrocardiographic types have not been 
related directly to a specific pattern of ventricular 
activation or to the precise location of an accessory 
bundle. In addition to the static variations in the 
electrocardiograms of different subjects, dynamic 
changes in the electrocardiograms of individual pa- 
tients with Wolff-Parkinson-White syndrome are 
frequently noted. These can vary from an almost 
normal QRS configuration at one time to markedly 
aberrant complexes suggesting predominant pre- 
excitation at another time. The basis for the dynamic 
variation of QRS in Wolff-Parkinson-White syndrome 
has received little attention. Recent experience with 
this type of conduction in several human subjects 
and a squirrel monkey with naturally occurring pre- 
excitation has resulted in new data that may explain 
some of the static and dynamic electrocardiographic 
variations. 


Methods 


Activation studies: Bipolar and unipolar potentials 
were recorded from the epicardium in all subjects. All sig- 
nals were recorded through field-effect transistor input 
amplifiers with an input impedance of 10 ohms"; the sig- 
nals were recorded on magnetic analog tape at a frequency 
response of 0.1 to 1,250 Hz. In selected subjects, atrial po- 
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tentials were recorded in addition to the ventricular acti- 
vation data. The time of the peak of the bipolar potentials 
and the intrinsic deflection of the unipolar signals record- 
ed from various epicardial sites relative to a fixed time 
reference bipolar signal were used to construct sequence 
maps of epicardial activation. 

Isochronous time maps of the activation sequence were 
constructed by connecting points of equal activation 
times. These methods were used to record data in a squir- 
rel monkey (Saimiri sciureus) with spontaneous Wolff- 
Parkinson-White syndrome and in 7 human subjects with 
this syndrome. 

Anatomic methods: In a squirrel monkey with sponta- 
neous preexcitation, the heart was removed at the end of 
the physiologic studies and immediately perfused with 
buffered formaldehyde fixative. After subsequent fixation, 
serial sections of 7 u thickness were mounted on a film 
strip according to the technique of Pickett and Sommer? 
and stained with Masson trichrome. 

Similar electrophysiologic-anatomic studies were per- 
formed in 2 squirrel monkeys with a normal electrocardio- 
gram. 


Results 


Observations in Squirrel Monkey 


Relation between sites of preexcitation and 
electrocardiogram: The sequence of epicardial acti- 
vation and the electrocardiogram of the squirrel 
monkey are demonstrated in Figure 1. The electro- 
cardiogram shows the characteristic features of the 
preexcitation: short P-R interval, absent P-R seg- 
ment, delta wave and abnormal QRS complex. 
Preexcitation began at the left anterior A- V margin; 
4 msec later a second focus of preexcitation occurred 
at the right A-V margin. The 2 wavefronts spread 
medially on the anterior and posterior surfaces of the 
heart and collided centrally. The 2 sites of preexcita- 


July 1973 The American Journal of CARDIOLOGY Volume 32 33 





WOLFF-PARKINSON-WHITE SYNDROME—BOINEAU ET AL. 


Bilot. Pre-excit. 


Block-Left Accessory Path. 





tion correlated precisely with the anatomic locations 
of the 2 accessory A-V connections (see Fig. 3). 
Functional dissociation in bilateral preexcita- 
tion: The differential effect of variously timed pre- 
mature atrial stimuli on the activation over the 2 
accessory tracts and normal A-V conduction system 
in the squirrel monkey is shown in Figure 2. In the 
left panel, the sequence of ventricular activation is 
illustrated during atrial stimulation near the sinus 
node at a basic cycle length of 233 msec. A sequence 
map of depolarization wavefronts is schematically il- 
lustrated for a plane at mid-ventricular level from 
the local activation times of points A through G at 
the perimeter. Below the map, the lead II electrocar- 
diogram and the bipolar potentials for 3 of the 7 
locations are indicated. The peaks of the bipolar 
electrograms recorded from A and G fall early and D 
falls late in the QRS complex of lead II. Thus, there 
was bilateral preexcitation and a base to apex spread 
of the depolarization (compare with Fig. 1). In the 
center panel a premature atrial stimulus is delivered 
after a cycle length of 123 msec. The tracing below, 
recorded from G, occurs relatively late in the QRS 
complex of the premature beat compared to its tim- 
ing during the normal beat. Construction of the map 
above from the activation times of all 7 electrodes (A 
through G) indicates that preexcitation was blocked 
completely in the left accessory pathway and was 
prolonged by 25 msec over the right connection. The 
right panel shows that an earlier atrial premature 
stimulus with a cycle length of 112 msec resulted in 
block in both accessory connections, and ventricular 
e activation occurred only over the normal A-V path- 
way. The peaks of the bipolar signals all occur near 


Bila! Accessory Block 





FIGURE 2. Functional dissociation and block 
in bilateral preexcitation in the squirrel mon- 
key in response to premature atrial stimuli of 
variable interval. Three different examples of 
A-V conduction are illustrated in the left, 
center and right frames. Above is a schemat- 
ic representation of the activation sequence 
and below, the lead |! electrocardiogram 
and bipolar potentials used to construct the 


sequence maps for each frame. Seven com- 
TTA de S plexes were recorded from the mid-perime- 


ter of the heart (A through G), and 3 of 
these (A, D, G) are shown below. SA = atri- 
al stimulus artifact. (See text.) 


the peak of the QRS complex in the electrocardio- 
gram, thus indicating a more synchronous depolar- 
ization, characteristic of the normal sequence of acti- 
vation as shown on the map. Thus, appropriately 
timed premature atrial stimulation resulted in 
functional dissociation of the bilateral preexcita- 
tion, a finding that suggests there are different char- 
acteristics of the refractory period in the 2 accessory 
conduction systems. 

This nonuniformity in the refractory period of 
multiple connections may have diagnostic implica- 
tions. If the electrocardiogram of patients with 
Wolff-Parkinson-White conduction shows one type of 
preexcitation pattern succeeding another, 2 acces- 
sory connections may exist. This phenomenon may 
also occur with premature atrial contractions or may 
be provoked by delivering premature atrial stimuli 
during intracavitary electrode studies. 

Anatomic basis of biventricular preexcitation: 
Figure 3D illustrates a section through the mid-por- 
tion of the heart of the squirrel monkey with Wolff- 
Parkinson-White conduction. The connection (ar- 
rows) between the right atrium and right ventricle is 
shown in Figure 3, A through C. A pseudopod of 
atrial fibers approaches the ventricle in Figure 3A. In 
Figure 3B, the interconnecting bundle is smaller and 
a distal portion of the accessory connection becomes 
apparent in the ventricle, and in Figure 3C is isolat- 
ed completely within the ventricle. Later sections 
demonstrated continuity between these isolated fi- 
bers and those of the ventricles. The accessory con- 
nection between the left atrium and left ventricle is 
shown in Figure 3F. In Figure 3E, the atrial mass 
adjacent to the aortic valve is above and the ventric- 
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A : i $3 * A LIMEN 4 t 
FIGURE 3. Anatomy of Wolff-Parkinson-White conduction and biventricular preexcitation in the squirrel monkey. D illustrates a cross 
section through the entire heart, and the arrows indicate the regions at the lateral A-V junctions where the accessory connections be- 
= tween the right atrium and right ventricle (A through C) and the left atrium and left ventricle (E and F) are shown at higher magnifica- 
tion (X40). In A through C note the irregular, sheathed course of the right accessory A-V connection (arrows). In E, immediately ad- 
jacent to the section in F, no accessory connection is present. In F, note the much larger and more direct left accessory connection * 
(see text). 





July 1973 The American Journal of CARDIOLOGY Volume 32 35 


WOLFF-PARKINSON-WHITE SYNDROME—BOINEAU ET AL. 








800 msec. 





V3 Yq V5 Vs 
FIGURE 4. Epicardial activation sequence and electrocardiogram in a patient with anterior right ventricular preexcitation. In Figures 4 
through 7, note the relation between the site of preexcitation, the overall pattern of epicardial activation and the type of electrocardiogram. 





800 msec. 
FIGURE 5. Epicardial activation sequence and electrocardiogram in a patient with posterior right ventricular preexcitation. The electro- 


cardiographic characteristics of this type of preexcitation are intermediate between those of anterior right ventricular preexcitation (Fig. 
4) and posterior left ventricular preexcitation (Fig. 6) and have some of the features of both. The lead V; complex resembles the lead V; 
complex in the patient with anterior right ventricular preexcitation (Fig. 4). 
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ular mass below and there is no accessory connection 
in this section, which is close to the section shown in 
Figure 3F. The great coronary vein is seen within the 
fat and fibrous tissue between the atrium and ventri- 
cle and there is no A-V connection present in Figure 
3E. In Figure 3F, several millimeters away, a large 
accessory A-V connection (arrows) is present adja- 
cent to the aorta and medial to the great coronary 
vein. Note the relative differences in the dimensions 
of the 2 accessory muscle bundles. Also, whereas the 
larger left-sided connection appears to connect di- 
rectly the most proximal parts of the atrium and 
ventricle, the smaller right-sided connection appears 
- more circuitous and funnel shaped— contained along 
its course in the ventricle within a fibrous sheath. 
The actual connection between this accessory tract 
and the right ventricle occurred near the subendo- 
cardium. The left-sided connection in the monkey 
was quite anterior compared to the sites of left ven- 
tricular preexcitation in the patients (Fig. 4 to 7). 


Clinical Observations 


Anterior right ventricular preexcitation: Find- 
ings in a patient with anterior, right ventricular 
preexcitation are illustrated in Figure 4. The onset of 
preexciting depolarization is located adjacent to the 
anterior A-V groove in the right ventricle with uni- 
form spread away from this point. The duration of 
the ventricular activation is greater than 140 msec. 
There was no evidence of epicardial collision (fusion) 
of activation. Previous studies in a dog with preex- 
citation indicated that, even though epicardial evi- 
dence for ventricular fusion was lacking, it may be 


AVR 


FIGURE 6. Epicardial activation sequence AVL 
and electrocardiogram in a patient with 
posterior left ventricular preexcitation. In 
comparing the electrocardiogram of this 
type of preexcitation with that of posterior AVF 
right ventricular preexcitation (Fig. 5), note 

the similarity between the limb leads (| 

through aVF), that is, Q waves in leads |l, 2mv 
III and aVF. Also note the difference in lead 

Vi. 





WOLFF-PARKINSON-WHITE SYNDROME—BOINEAU ET AL. 


present with collision of activity from the normal 
and accessory A-V pathways occurring deep within 
the subendocardial-intramural regions of the heart. 
In Figure 4, electrocardiographic leads I and II ex- 
hibit a positive delta wave, which approximates the 
axis of spread of initial excitation in this subject. 
Thus, initial activity is oriented along the right to 
left axis and produces a biphasic delta in lead V1. 
Since the anterior surface of the heart completes 
most of its depolarization before the lateral and pos- 
terior aspect of the ventricles, the predominant de- 
flection in lead V4 is negative, whereas it is positive 
in lead Ve. 

Posterior right ventricular preexcitation: Find- 
ings in a patient with posterior, right ventricular 
preexcitation are illustrated in Figure 5. The onset of 
preexcitation occurs at the posterior A-V margin 
near the posterior septum. The last region to be ex- 
cited was located anteriorly in the outflow tract or 
conus of the right ventricle. Again, there was no evi- 
dence of epicardial collision, with activation seeming 
to spread entirely from the preexcited focus. Since 
activation of part of the inferior surface of the heart 
was completed before that of the anterior and more 
superior region, a relative sink or negative field oc- 
curred inferiorly, resulting in the negative forces in 
leads II, III and aVF characteristic of this type of 
preexcitation. The electrocardiogram in lead V4 re- 
sembled that of patients with anterior right ventric- 
ular preexcitation (Fig. 4). However, unlike patients 
with anterior right ventricular preexcitation, the 2 
patients with posterior right ventricular preexcita- 
tion demonstrated predominantly positive potentials 
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in lead V2 thus indicating an earlier precordial tran- 
sition between the positive and negative fields during 
the period of maximal QRS potential. 

Posterior left ventricular preexcitation: The 
epicardial activation sequence and electrocardiogram 
of a patient with posterior left ventricular preexcita- 
tion are illustrated in Figure 6. The region of earliest 
activation is located at the A-V groove posteriorly on 
the left ventricle. In contrast to findings in patients 
with right ventricular preexcitation, the map demon- 
strates collision of posterior (preexciting) and anteri- 
or (normal) wavefronts between 50 to 70 msec. Ante- 
rior right ventricular breakthrough is indicated by 
the time zone bounded by the 50 msec circle. Thus, 
in comparison to the patients with anterior and pos- 
terior right ventricular preexcitation, this subject 
demonstrated epicardial collision of anomalous and 
normal wavefronts. The electrocardiogram manifests 
Q waves in leads II, III and aVF as did the electro- 
cardiogram of the patient with posterior right ven- 
tricular preexcitation (Fig. 5). However, lead V4 in 
Figure 6 demonstrates predominantly positive 
potentials. 

Lateral left ventricular preexcitation: The epi- 
cardial activation sequence and electrocardiogram in 
* a patient with lateral left ventricular preexcitation 





FIGURE 7. Epicardial ventricular 
activation sequence and electro- 
cardiogram in a patient with /ateral 
left ventricular preexcitation. A was 
recorded during sinus rhythm and 
B, during left atrial pacing adjacent 
to the accessory connection. Dur- 
ing sinus rhythm (A), preexcitation 
occurred only 30 msec before ap- 
pearance of evidence of epicardial 
activation over the normal pathway 
(that is, the 30 to 40 msec time 
zone in the right ventricle). The re- 
sult of the early fusion produced 
minimal electrocardiographic evi- 
dence of  Wolff-Parkinson-White 
conduction (short delta wave and 
QRS duration). Pacing the left atri- 
um near the accessory connection 
(B) at a rate of 160/min resulted 
in totally anomalous excitation with 
marked prolongation of ventricular 
activation time. 


are demonstrated in Figure 7. The activation se- 
quence for normal sinus rhythm is shown in Figure 
7A and that during pacing from the left atrium is 
shown in Figure 7B. The electrocardiogram in Figure 
7B was recorded during pacing from the coronary 
sinus vein as close to the lateral border of the heart 
as was possible during the catheterization procedure. 
In Figure 7A, the earliest region of ventricular acti- 
vation began at the left lateral border of the heart 
adjacent to the A-V groove and 40 msec later activa- 
tion reached the right ventricular epicardium over 
the normal pathway. Thus, epicardial fusion of the 2 
wavefronts occurred between 40 and 50 msec in this 
subject. This fusion resulted in minimal preexcita- 
tion as can be seen by comparing the upper electro- 
cardiogram, recorded during sinus rhythm, with the 
lower electrocardiogram recorded during left-sided 
pacing adjacent to the input of the accessory connec- 
tion. In Figure 7A, the initial breakthrough of preex- 
citation generated the Q wave in leads I and aVL 
and the R wave in lead III, which resembled normal, 
early QRS forces. By pacing the atrium adjacent to 
the input region of the accessory pathway at a rate of 
160/min (Fig. 7B), epicardial activation was totally 
anomalous, and the ventricular activation time in- 
creased from 80 to 160 msec. 
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Comparison of Figures 4 through 7 shows a trend 
toward a decreasing ventricular activation time and 
QRS duration as the site of preexcitation varies from 
anterior right ventricle to lateral left ventricle. This 
trend is associated with evidence of epicardial fusion 
of wavefronts arriving over the normal and accessory 
connections in subjects with left ventricular preexci- 
tation and sinus rhythm. It is explained by the 
greater distance between the sinus node (denoted by 
S in Fig. 4 through 7) and the atrial input to the 
accessory tract in the left ventricular forms of preex- 
citation. The result is later anomalous activation, 
which allows more time for the impulse to spread 
over the normal pathway. Thus, it might be general- 
ly expected that patients with left ventricular preex- 
citation would have a shorter QRS duration than pa- 
tients with right ventricular preexcitation. This ob- 
servation could result in difficulties in diagnosis of 
preexcitation in some patients with left ventricular 
accessory connections and unusually long delay in 
left atrial activation time. 

Relation between variations in atrial activation 
and dynamic QRS changes: Figure 8 illustrates the 
effect of a spontaneous shift in atrial pacemaker and 
the resulting change in atrial activation on the de- 
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FIGURE 8. Effect of dynamic vari- 
ation in atrial activation on the 
form of the QRS complex in the 
Wolff-Parkinson-White syndrome. 
The data illustrate that a spontane- 
ous shift of the atrial pacemaker 
can alter the atrial activation se- 
quence and result in different de- 
grees of preexcitation in the same 
subject. The sequence of epicar- 
dial atrial activation and the 
electrocardiogram are illustrated 
for sinus rhythm in A and after an 
inferior shift in the pacemaker in 
B. In’ comparing the QRS com- 
plexes, note that there is less 
preexcitation in B than A. Also note 
the inverse relation between P 
wave duration and the degree of 
QRS aberrancy in the tracings in A 
and B. The Q wave in lead | and the 
R wave in lead IlI comprise the 
delta force in both A and B. 


gree of preexcitation and QRS configuration. The 3 
standard leads of the electrocardiogram, which were 
recorded at 2 different times preoperatively and 
which represent different patterns of atrial activa- 
tion, are indicated to the right. To the left is indicat- 
ed the sequence of activation of the atria determined 
at operation. A posterior view of the heart is repre- 
sented. Data were not recorded from the regions of 
the pulmonary veins and venae cavae; thus, iso- 
chrones are not represented for these structures. At 
operation and during normal rhythm, the subject 
showed at different times both of these forms of atri- 
al depolarization. Thus, maps of atrial activation 
were constructed for these 2 situations by grouping 
the data according to the 2 different configurations 
of the P-QRS complexes of the peripheral electrocar- 
diogram observed during the study. The data indi- 
cate that with relatively normal atrial conduction, 
preexcitation of the lateral left ventricle began 170 
msec after the onset of atrial activation (Figure 8A). 
Figure 8B shows an inferior shift of the atrial pace- 
maker with resultant delay in left atrial activation. 
There appeared to be slower activation across the 
superior interatrial band as the wavefronts spread 
from the site of the lower atrial pacemaker. Since 
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FIGURE 9. Relation between type 
of electrocardiogram and the site 
of preexcitation in the Wolff-Par- 
kinson-White syndrome. Types 1 
through 4 are based on direct data 
(see Fig 4 to 7); type 5 is an in- 
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this caused a delay in the input of atrial activation 
to the left-sided accessory connection, the time be- 
tween the onset of atrial activity and the onset of 
ventricular preexcitation is 10 msec later in Figure 
8B than in Figure 8A. The delay resulted in a rela- 
tively shorter time between the onset of preexcita- 
tion and the arrival of the impulse over the normal 
A-V pathway in Figure 8B. The association between 
changes in atrial activation and changes in the de- 
gree of preexcitation and form of QRS has been 
noted in other patients with preexcitation and occurs 
more often in patients with electrocardiograms typi- 
cal of left A-V connections. This type of change in 
the P-QRS complex is independent of changes in ac- 
tivation time (slowing) confined to either the normal 
or accessory A-V connections: as can be seen the 
accessory A-V conduction time is the same in Fig- 
ures 8A and 8B. Whatever other mechanisms exist 
for producing changes in the QRS complex in pa- 
tients with Wolff-Parkinson-White conduction, such 
as changing A-V nodal activation,!? it seems likely 
that beat to beat variation in atrial pacemaker loca- 
tion and the pattern of atrial excitation are factors in 
dynamic QRS changes. 


Discussion 


The anatomic basis of Wolff-Parkinson-White 
syndrome: The direct electrophysiologic data, 
demonstrating focal preexcitation in 7 human 
subjects and the data in 2 animals in which the his- 
tologic mechanism of preexcitation at 3 different 
sites was determined, argue convincingly for a lateral 
accessory connection composed of ordinary A-V 
muscle as a basis for typical stable Wolff-Parkinson- 


3 E 


terpolation based on the human 
and morkey data. Note the differ- 
ences in the direction of initial 
(delta) and principal QRS forces 
as well as differences in QRS du- 


ration in types 1 through 5. See 
Vo V3 Va V5 Ve text. 


ments against ascribing all of the clinical and elec- 
trocardiographic variations associated with the 
Wolff-Parkinson-White syndrome to one type of 
accessory A-V pathway. Observations on the variety 
of stable electrocardiographic forms encountered in 
this syndrome, the changes in the QRS complex 
noted at different times in the same subject, and the 
dynamic beat to beat variations known as concertina 
effect need to be explained. It is not now obvious 
how these variations can all be accounted for by sim- 
ilar accessory connections of ordinary A-V myocar- 
dium. Thus, additional pathways and mechanisms 
have been suggested to explain these variations. 

The anatomic possibilities suggested to explain 
preexcitation are: (1) Persistence of fetal A-V con- 
nections of ordinary A-V muscle around the outer 
A-V ring. These connections would appear to be 
remnants of the previous continuity between the 
atrium and ventricle which persisted beyond the tu- 
bular stage of fetal cardiac developments. Most of 
the human activation data as well as the limited an- 
atomic electrophysiologic correlations demonstrated 
in animals with Wolff-Parkinson-White syndrome 
have provided evidence for this type of accessory 
A-V connection. The lateral connections between 
the right atrium and right ventricle described by 
Kent,?:$ Wood et al.,!1 Lev et al.12 and Ohnell!3 are 
representative of this type of anomalous connection. 
(2) Similar connections of ordinary A-V muscle 
across the septum described by James.5 (3) Tracts 
that bypass the proximal A-V node and connect 
with distal junctional conducting tissue, also de- 
scribed by James? and Sherf and James.9 (4) Other 
connections; the significance of the abnornal fibers 


* White conduction. However, there are cogent argu- described by Mahaim and Clerc!4 is unknown. They 
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should not produce significant preexcitation since 
they originate from the conduction system beyond 
the region of slow propagation. More study is needed 
to determine other mechanisms of Wolff-Parkinson- 
White syndrome; however, the present direct corre- 
lations between activation and anatomic features 
convincingly implicate accessory connections of ordi- 
nary A-V muscle. Therefore, assuming one basic 
type of accessory connection, the next step is to de- 
termine the other factors operating to produce the 
spectrum of clinical-electrocardiographic variations 
in Wolff-Parkinson-White syndrome. The results of 
this study indicate that certain of the variations en- 
countered can be explained on the basis of a single 
accessory A-V connection of ordinary myocardium 
and depend on its location and variations in the pat- 
tern of atrial activation. 

Model of the relation between electrocardio- 
graphic type and the site of preexcitation: Among 
the variations in the Wolff-Parkinson-White syn- 
drome are the different electrocardiographic types. 
The model illustrated in Figure 9 is based on the 
data in Figures 4 to 7 and represents an attempt to 
redefine and update the electrocardiographic typing 
based on the site of the anomalous connection. The 
purpose of this information would be to predict the 
general location of the anomalous muscular bridge 
from the electrocardiogram. This has practical impli- 
cations for surgical procedures as well as for electro- 
pacing studies and for the isolation and study of 
tracts in pathologic material on which electrocardio- 
grams were obtained during life. The first 4 types of 
preexcitation are reasonably well substantiated by 
these data, but there are presently no human data 
on the fifth type. Therefore, type 5 represents an in- 
tuitive interpolation based on the existing anatomic- 
electrocardiographic relation shown in Figures 4 
through 7, Figure 9(1-4) and in the study of the 
monkey. The classification is incomplete, and the 5 
electrocardiographic types shown do not indicate 
that there may not be other forms of preexcitation 
(for example, in the septum); it is intended as a 
practical guide to interpretation of the electrocardio- 
gram in Wolff-Parkinson-White conduction on the 
basis of present data and should be updated as more 
information becomes available. 

This model assumes: (1) a single accessory A-V 
connection; and (2) no coexistent congenital or ac- 
quired cardiac abnormality. The presence of 2 (or 
more) accessory pathways or the presence of another 
cardiac abnormality (that is, hypertrophy, bundle 
branch block or hemiblock, or myocardial infarction) 
would add a superimposed effect on the electrocardi- 
ogram which would have to be considered in deter- 
mining the site of preexcitation. In the proposed 
model, consider that the initial force (or delta wave) 
is directed away from the site of preexcitation and 
the anomalous connection. The orientation of the 
peak QRS amplitude vector is related not only to the 
site of preexcitation, but also to the timing and de- 
gree of preexcitation (fusion). If all activation of the 
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ventricles was programmed over the anomalous con- 
nection, as in a premature ventricular contraction 
then the orientation of the peak QRS force would be 
similar to that of the initial or delta force, and both’ 
forces would be directed approximately 180° away 
from the site of preexcitation toward the unactivated 
or latest activated areas of the ventricles. This is the 
case in most patients with anterior right ventricular 
preexcitation Fig. 9-1). However, patients with left 
ventricular preexcitation have a later arrival time of 
the anomalous impulse, resulting in relatively less 
preexcitation and more activation over the normal 
pathway and shorter QRS duration, and frequently 
show discordance between the initial and principal 
QRS forces (Fig. 7A and 9-3 and 9-4). In these pa- 
tients, pacing the left atrium adjacent to the acces- 
sory connection may result in completely anomalous 
excitation with both initial and principal QRS forces 
directed away from the site of the anomalous con- 
nection (Fig. 7B). 

The electrocardiographic types in Figure 9 corre- 
spond to the following sites of preexcitation: (1) an- 
terior right ventricular preexcitation, (2) posterior 
right ventricular preexcitation, (3) posterior left ven- 
tricular preexcitation, and (4) lateral left ventricular 
preexcitation. We speculate that type 5 results from 
anterior left ventricular preexcitation. Confirmation 
of this relation awaits activation data in patients 
with this electrocardiographic type. Whatever the 
form of the electrocardiogram in type 5 preexcitation 
proves to be, it seems likely that there will be a 
human counterpart of the demonstration in the 
monkey of anomalous excitation at this site. The 
postulation of 5 regions of preexcitation is not in- 
tended to suggest that anomalous connections occur 
only at these locations; they are also likely to occur 
at locations between those indicated in Figure 9. 

In the regular alphabetic classification of preexci- 
tation, types B and A correspond to types 1 and 3 
respectively, in the present model. Whereas electro- 
cardiograms of types A and B generally indicate left 
or right ventricular preexcitation, respectively, there 
is no general agreement among electrocardiographers 
as to which precise electrocardiographic features 
constitute type A or B. Classic type A is character- 
ized by a predominant R wave in lead V; and Q 
waves in leads II, III and aVF. Thus, the form of pos- 
terior right ventricular preexcitation (type 2) has 
manifestations of types A and B. Also, whereas types 
3, 4 and 5 all demonstrate prominent initial positive 
potentials in lead V4 characteristic of left ventricular 
preexcitation, a more accurate localization of the re- 
gion of preexcitation, and thus the anomalous con- 
nection, is possible and this may have practical im- 
plications. 

Left ventricular preexcitation presents special 
problems in identification from the electrocardio- 
gram. Patients with left ventricular preexcitation 
may have a less prominent delta wave, a relatively 
shorter ventricular activation time and less QRS 
aberrancy. Figure 9 shows a wider QRS duration in 
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FIGURE 10. Model relating effects of changes in atrial activation to changes in the degree of ventricular preexcitation and fusion. This 
is a schematic representation of the interaction between (1) site of atrial pacemaker, (2) the resulting nonuniform pattern of atrial ac- 
fivation, (3) the /ocation of an accessory connection and (4) normal A-V conduction. Activation times (msec) are indicated numerically. 
The sequence of normal A-V activation is indicated by unstippled isochrones and anomalous excitation by stippled isochrones. The direc- 
tion of activation is indicated by the arrows and the times associated with the isochronous lines. * — locations of the atrial pacemaker. 
VaT = duration of ventricular activation (QRS). The conditions in G are postulated as a mechanism of the Lown-Ganong-Levine syndrome. 


See text. 


type 1 than in type 4. This is principally the result of 
the longer pathway between the sinus node and the 
input to the left-sided connection than exists between 
the node and an anterior right ventricular anomalous 
connection. Subjects with left ventricular pre- 
excitation exhibit more dynamic QRS changes prob- 
&bly because there is a greater delay in left as opposed 
to right atrial activation resulting from a shift of the 
pacemaker (see Fig. 8). In some patients with mini- 
mal left ventricular preexcitation, the delta wave 
is barely obvious in the standard leads and may 
appear to be a normal Q wave in lead aVL and 
lead I (Fig. 7 and 9-4), and preexcitation may not be 
suspected from the standard leads. In these patients, 
the delta wave may be confused with a slowly rising 
P-R segment base line and may be dismissed be- 
cause of what appears to be a normal qR complex in 
the lateral precordial leads (Fig. 7A). The pattern 
may appear to be a qRs complex superimposed on or 
occurring after the delta wave. In these subjects, left 
ventricular preexcitation can be confirmed by venous 
cardiac catheterization with pacing from the extreme 
left position of the coronary sinus vein, which in- 
creases the degree of preexcitation and produces 
more QRS aberrancy as previously indicated. Addi- 
tionally, in patients with posterior or posterolateral 
*left ventricular preexcitation, wedzing the catheter 
electrode into the coronary vein through the sinus 


may provide evidence of early activation near the left 
ventricular base, which would be abnormal. 

As shown by this model, the variation in electro- 
cardiographic type, including the direction of initial 
or delta forces, is related to the site of preexcitation. 
The direction of the peak QRS vector is determined 
by interaction between site of entry of the anomalous 
wavefront and the relative time of arrival of the 
anomalous and normal impulses in the ventricles. 

Model relating changes in atrial activation to 
variations in the degree of QRS aberrancy in 
Wolff-Parkinson-White conduction: Previous con- 
cepts of the mechanism of a changing QRS pattern, 
demonstrating various degrees of anomalous conduc- 
tion in an individual subject, have been limited to 
speculation as to: (1) changes in A-V nodal conduc- 
tion time, and (2) periodic block (delay or complete) 
in the accessory connection. 

Recent atrial and ventricular activation studies in 
a patient with Wolff-Parkinson-White conduction 
and variation in the degree of preexcitation and 
changing QRS configuration, have suggested a dy- 
namic relation between the pattern of atrial activa- 
tion and the degree of anomalous ventricular excita- 
tion in this syndrome. This relation is presented in 
the context of a model in Figure 10. The model deals 
specifically with the following points: (1) Differences 
in the degree of preexcitation in right versus left ven- 
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tricular anomalous conduction. (2) Differences in the 
degree of preexcitation in the same subject, which 
may occur in 2 forms: (a) fixed difference in the de- 
gree of preexcitation, that is, normal and anomalous 
excitation at different times (in different electrocar- 
diograms), and (b) dynamic beat by beat variation in 
the QRS complex known as “concertina” effect. (3) 
A possible mechanism of the Lown-Ganong-Levine 
syndrome.!? 

This model incorporates the data contained in Fig- 
ures 4 through 8 and is based on the following as- 
sumptions: (1) one accessory A-V connection; and (2) 
constant propagation times over the 2 A-V connec- 
tions. The normal A-V time is assumed to be 140 
msec from input to the A-V node to onset of ventric- 
ular activation. Accessory propagation time is as- 
sumed to be 40 msec, as shown in all examples of 
preexcitation in this figure. The model demonstrates 
interaction between the following variables: (a) loca- 
tion of an accessory connection; (b) site of the atrial 
pacemaker; (c) nonuniformity of atrial activation; 
and (d) activation over the normal A-V pathway. 
Different atrial input times to the normal and acces- 
sory A-V connections result from the interplay be- 
tween the 4 factors and determine the relative 
amounts of ventricular activation programmed over 
the accessory and normal A-V connections, and the 
degree of QRS aberrancy. 


Figure 10A is a schematic representation of normal 
A-V activation. The normally short QRS duration 
results from the symmetrical, rapid depolarization 
programmed over the Purkinje network. Figures 10B 
and 10D respectively demonstrate total anomalous 
right and left ventricular activation of the kind that 
may occur with a delay or block in normal A-V con- 
duction or as a consequence of atrial pacing adjacent 
to the input of either accessory connection. The typi- 
cal forms of right and left ventricular preexcitation 
in Figures 10C and 10E, which exhibit collision of 
anomalous and normal wavefronts and produce fu- 
sion beats in the electrocardiogram, are constructed 
by superimposing the respective anomalous excita- 
tion patterns in Figures 10B and 10D onto the nor- 
mal pattern in Figure 10A (that is, A + B = C and 
A + D = E). In Figures 10C and 10E, the differences 
in right and left ventricular accessory connections 
are compared. Anterior right ventricular preexcita- 
tion with a relatively short accessory input time re- 
sults in predominant activation programmed over 
the accessory connection. In contrast, left ventricular 
preexcitation with a longer input time to the acces- 
sory connection results in activation predominantly 
programmed over the normal pathway and is associ- 
ated with less anomalous conduction and a shorter 
QRS duration. This explains the tendency toward 
less anomalous conduction in left ventricular preex- 
citation as shown in the sequence of electrocardio- 
grams in Figures 4 through 7. 

The sequence of events shown in Figures 10E, 10F 
and 10G schematically demonstrates the effects of a 
shifting atrial pacemaker and changing atrial activa- 
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tion time on the QRS complex. The effect of chang- 
ing atrial activation on the QRS complex is demon- 
strated for left ventricular preexcitation which, be- 
cause of the greater distance between pacemaker and 
accessory tract input, is more pronounced. As indi- 
cated, not only is the input time between the pace- 
maker and the accessory connection increased, .but 
there is a decrease in the input time to the normal 
A-V bundle. Waldo et al.1® have shown that stimu- 
lation of certain low endocardial sites in the right 
atrium in patients undergoing operation produces a 
short P-R interval and upright P waves in leads II, 
III and aVF. This finding indicates that a short 
input time to the A-V node can occur in the pres- 
ence of positive P waves. In Figure 10G, the QRS 
complex would appear normal for the following rea- 
sons: (1) The simultaneous onset of normal activa- 
tion with that of anomalous excitation would result 
in the rapid development of large normal wavefronts 
which would effect the QRS complex more than the 
smaller wavefronts of preexcitation; (2) the leftward- 
anterior direction contributed by the anomalous left 
ventricular wavefront would produce an effect on the 
electrocardiogram somewhat similar to that of nor- 
mal left septal-endocardial activation. 

The short QRS duration of 60 msec, due to the 
conditions in Figure 10G, would probably not occur 
in life because the model is a 2-dimensional rep- 
resentation of a 3-dimensional event that in reality 
includes many other planes. Thus, unless the pre- 
excited region conformed exactly to the region of 
latest activation during normal spread of depolariza- 
tion, the QRS duration would be normal or only 
slightly abbreviated. Instead of an unusually short 
QRS duration, a change in the terminal QRS force 
amplitude would probably occur. The conditions il- 
lustrated in Figure 10 may have the characteristics 
of the P-QRS complex in the Lown-Ganong-Levine 
syndrome.!5 The patient with the Wolff-Parkinson- 
White syndrome whose data are shown in Figure 7 
has an identical twin brother with the Lown-Ganong- 
Levine syndrome. Thus, the latter syndrome could 
represent masked preexcitation due to an abbreviat- 
ed input time to the normal A-V pathway, and the 
presence of an accessory connection could account for 
the tachyarrhythmias as in Wolff-Parkinson-White 
syndrome. It is notable that the electrocardiograms 
of patients with the Lown-Ganong-Levine syndrome 
frequently do not manifest the s wave in leads I, Il, 
Vs and Ve, which in the normal electrocardiogram is 
related to terminal activation of the posterior, basal 
left ventricle. This finding could be due to the ab- 
sence of late activation of this region because of prior 
anomalous excitation, as in Figure 10G. A major 
clinical point is that anomalous excitation may be 
present but not obvious from inspection of the elec- 
trocardiogram. This situation is more apt to occur 
with a left ventricular connection and a location of 
the atrial pacemaker that results in a relatively short 
input time to the A-V node and a relatively long" 
input time to the accessory connection. 
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Finally, changes in the QRS pattern such as alter- 
nation between 2 forms of Wolff-Parkinson-White 
conduction may occur as a result of 2 accessory A-V 
connections such as those observed in the monkey. 


Conclusions 


1. Wolff-Parkinson-White syndrome is caused by 
electrical preexcitation of the ventricles, and one an- 
atomic basis for this is the persistence of accessory 
A-V connections of ordinary myocardium. 

2. Preexcitation can result from single or multiple 
accessory A-V connections and the functional char- 
acteristics of 2 accessory connections can be different 
causing alternation between 2 types of Wolff-Parkin- 
son-White conduction. 

3. At present 4 electrocardiographic types of 
Wolff-Parkinson-White syndrome can be related to 
the site of epicardial preexcitation. 

4. Right and left ventricular preexcitation may 
demonstrate differences in the degree of QRS ab- 
errancy (fusion) due to the differences in the input 
activation time between right-sided connections 
more proximal to the sinoatrial node and more dis- 
tant left-sided connections. 

5. Dynamic variations in the QRS complex and 
Wolff-Parkinson-White conduction can result from 


"Concertina" or beat by beat variation in QRS 
aberrancy can be explained in the context of the 
model by the exaggerated effects of a shifting pace- 
maker with a time course similar to that of a sinus 
arrhythmia. This phenomenon should be more con- 
spicuous if not more common in left ventricular 
preexcitation. Further evidence for this mechanism 
is the "normalization" of an electrocardiogram pre- 
viously exhibiting preexcitation observed in certain 
patients with a transient “low atrial" or junctional 
shift of the pacemaker.!? As indicated by this model, 
dynamic changes in the degree of preexcitation can 
occur as a result of changes in the relative input 
times to the 2 A-V connections in the Wolff-Parkin- 
son-White syndrome in the absence of delayed con- 
duction in either the normal or accessory connection 
per se. Rosenbaum et al.” first recognized the rela- 
tion between the location of the atrial pacemaker 
and the form of the ventricular complex in Wolff- 
Parkinson-White conduction. They postulated a 
change in the order of atrial activation and relative 
time of entrance of the atrial impulse into the 2 
pathways as the mechanism of this change in QRS 
from electrocardiographic potentials recorded from 
thoracic and esophageal leads. The present data ob- 
tained directly from the heart confirm their conclu- 


sion. 


The role of varying conduction time over the nor- 


mal A-V pathway on the QRS configuration was not 
evaluated; thus, no accurate statement can be made 
as to its relative importance in changing QRS config- 
uration in the Wolff-Parkinson-White syndrome from 
this study. Moore et al.!? have shown that varying 
A-V nodal conduction can change the QRS configu- 
ration in experimental Wolff-Parkinson-White con- 
duction. However, in view of the present data, it is 
not likely that such changes are related simply to 
variations in the conduction time confined specifical- 
ly to the A-V node or to the accessory tract, but to 
some more complex interaction such as that illus- 
trated by this model. 


beat to beat variations or a shift in the atrial 
pacemaker that alters the pattern of atrial activation 
and the relative input times to the normal and ac- 
cessory connections. 

6. One possible explanation for the Lown-Ganong- 
Levine syndrome is a left-sided connection with a 
fixed low atrial pacemaker resulting in a short input 
time to the A-V node, relatively earlier onset of nor- 
mal endocardial activation and later onset of anoma- 
lous excitation. 
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Functions of membrane-linked myocardial systems and morphology 
of the myocardial cell were examined in normal and acutely and 
chronically ischemic myocardium. Hemodynamic measurements of 
ischemic tissue showed depressed force development as well as de- 
creased (and variable) ventricular peak pressures. 

Mitochondrial respiratory function was reduced, with state 3 
(phosphorylating) respiration showing the most marked impairment. 
Losses in cytochromes c and a; were observed. Diminished mito- 
chondrial calcium uptake with subsequent release of the calcium 
taken up during continued respiratory activity was characteristic of 
severely ischemic tissue, that is, 7 days after ligation. Defects in the 
carnitine-mediated oxidation of palmitic acid in isolated mitochondria 
were severe between 1 and 8 days after ligation. Losses in tissue 
carnitine also occurred simultaneously with decreased mitochondrial 
carnitine palmityltransferase activity. During this period the oxidation 
of hexanoic acid was unaffected. 

The binding and release cycle of calcium was studied in sarco- 
plasmic reticulum (cardiac relaxing system) isolated from control 
tissues and from acutely and chronically ischemic heart. An early 
impairment in the release phase of calcium from an acutely isch- 
emic preparation occurred at times (12 to 60 minutes after ligation) 
when the other membrane-associated functions maintained normal 
integrity. In the chronically ischemic dog, there was marked impair- 
ment of calcium-binding variables in the first 2 weeks after ligation. 
This impairment occurred at times when both mitochondrial and so- 
dium, potassium adenosine triphosphatase (Na *,K*-ATPase) activi- 
ty levels were severely impaired. The Na^,K*-ATPase activity level 
was consistently lower than the control level by 7 days after ligation. 
However, there was no change in kinetic indexes or in the ouabain- 
binding characteristics in the functional enzyme remaining. Morpho- 
logic studies of tissue taken from left posterior papillary muscle 3 to 
8 days after ligation revealed significant and specific changes in ul- 
trastructure (disrupted Z and | bands, appearance of pseudo-N band 
and appearance of dense bodies in mitochondria); the greatest oc- 
currence of damaged cells occurred 7 to 8 days after ligation. 


The normally functioning heart is primarily an aerobic organ. Viabil- 
ity of the cardiac muscle cell depends for the most part on the integ- 
rity of several vital membrane systems. These include the cell mem- 
brane or sarcolemma and T (transverse tubular) system, the sarco- 
plasmic reticulum and mitochondria. The major source of energy for 
contraction comes from the oxidative metabolism of mitochondria in 
the myocardial cell. For this reason, the function of mitochondria in 
ischemic heart disease is of particular interest. Impairment of this 
important energy-producing mechanism through reduced oxygen or 
substrate supply, or both, could be a significant contributory cause 
in myocardial cell death. Although electron microscopic studiesi-7 
have revealed several ultrastructural changes in mitochondria during 
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various time courses of ischemic insult, very little 
has been reported?-8 about temporal changes in mi- 
tochondrial function during development of myocar- 
dial ischemia. 

Fatty acids are known to constitute the major 
metabolic fuel in the adult heart. The ability of the 
mitochondrion to oxidize long chain fatty acids for 
energy depends on a variety of interrelated mecha- 
nisms. These include activation of the fatty acid, 
penetration into the inner membrane and beta oxi- 
dation as well as metabolism through the tricarboxy- 
lic acid cycle and respiratory chain. In contrast to 
long chain fatty acids, fatty acids of 10 carbon units 
or less are dependent only on the latter 3 mecha- 
nisms for oxidation. Changes in oxidation of both 
long chain and short chain fatty acids in ischemic 
heart disease as a function of severity of disease were 
examined. The progression of the severity of the im- 
pairment of fatty acid oxidation as well as of the re- 
sponse to carnitine-stimulated oxidation was corre- 
lated with the ischemic changes. Mitochondrial car- 
nitine palmityltransferase activities in ischemic and 
normal myocardium were compared in an attempt to 
describe the progression of a specific defect involved 
in fatty acid oxidation. 

Important functions of the cell membrane include 
maintenance of ionic concentrations and participa- 
tion in the transport of numerous substrates and cat- 
ions. It is believed that a digitalis-sensitive, sodium, 
potassium adenosine triphosphatase enzyme system 
functions in an important capacity in this regard. 
Intracellular calcium is now thought to modulate 
contraction and relaxation and hence functions as a 
vital determinant of cardiac muscle “tone.” The 
sarcoplasmic reticulum, an intracellular tubular net- 
work, contains a complex enzymatic system that 
presumably can alternately bind and release and 
possibly transport calcium. Therefore, the sarcoplas- 
mic reticulum may represent a most important com- 
ponent of the cell in controlling calcium metabolism. 
The studies reported here were designed to examine, 
in an integrated manner, mitochondrial function, 
Na*,K*-ATPase, sarcoplasmic reticulum and myo- 
cardial ultrastructure in an acute and chronic model 
of ischemia. The term ‘“‘chronic ischemia” is an opera- 
tional one, referring only to dogs maintained for pro- 
longed periods after surgery. 


Materials and Methods 


Adult dogs (30 to 40 kg) of a special breed (75 percent 
Labrador and 25 percent hound) maintained by the Bay- 
lor Breeding Farm were used. The animals were initially 
anesthetized by intravenous administration of hexabarbi- 
tal (Brevital®, Eli Lilly & Co.), intubated with a cuffed, 
endotracheal tube and maintained with a mixture of air 
and halothane (Fluothane®, Ayerst Laboratories) by ven- 
tilation with a mechanical respirator. A left thoracotomy 
was performed using sterile surgical techniques, and the 
left circumflex coronary artery was totally ligated approxi- 
mately 1.5 to 2.0 cm from its origin. Normal and sham- 
operated dogs of the same species served as controls. 

Hemodynamic measurements: In each animal, Wal- 
ton-Brodie strain gauges were placed over the anterior and 
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lateral free walls of the left ventricle (Fig. 1). Experience 
has shown that the lateral wall strain gauge placed distal 
to the site of ligation of the circumflex artery was overly- 
ing an area of poor perfusion. The use of indocyanine 
green dye confirmed that this area was poorly perfused in 
several experiments. Left ventricular pressure, left ven- 
tricular end-diastolic pressure, central aortic pressure, the 
first derivative of rate of force development (dF/dt) (for 
both strain gauges) and electrocardiographic measure- 
ments were monitored in each dog. Recordings were made 
at a rapid paper speed (100 mm/sec) for control animals 
and for each intervention. In all experiments we initially 
set the Walton-Brodie strain gauges at equal deflections 
rather than attempt to calibrate the precise force exerted; 
the force data were analyzed with respect to the first de- 
rivative (dF/F), which in all cases was calibrated by 
hand-drawing the tangent to the maximal force slope. 
This value, dF/F, was independent of absolute force mea- 
surement and was used as an index of the force-velocity 
status of the area examined. In most experiments the re- 
sults of aortic occlusion for 15, 30 and 60 seconds were ex- 
amined to test the function of the ventricle as a whole. 

At various periods after ligation (1 to 112 days) and per- 
formance of cardiophysiologic measurements, the dogs 
were killed by exsanguination and their hearts were re- 
moved. The membrane systems described later were iso- 
lated from the ischemic and corresponding tissue regions 
of control dogs. The tissue used did not include the ob- 
vious scarred area, and histologic examination demon- 
strated intact cells. The area chosen represented involved 
adjacent cyanotic areas. We also processed right ventricu- 
lar and interventricular septal regions. 

Mitochondria: Mitochondria were isolated in a medium 
containing 0.18 M potassium chloride, 10 mM ethylenedi- 
aminetetraacetate (EDTA), 0.5 percent bovine serum al- 
bumin (Sigma, fraction V) at pH 7.2 by a previously de- 
scribed method.? During the “washing” procedure and 
final suspension of mitochondria, the EDTA concentration 
in the medium was reduced to 1 mM to facilitate calcium 
uptake studies. Mitochondrial oxidative phosphorylation 
was measured by a previously described polarographic 
technique.? 

Difference spectral analysis of the mitochondrial cyto- 
chromes was carried out on a Beckman DB-G split-beam 
spectrophotometer with the wavelength drive linked to 
the recorder chart drive. Mitochondria (1.5 mg/ml) were 
suspended in a 0.5 M Tris-phosphate buffer, pH 7.4, in 
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FIGURE 1. Model of occlusion- induced ischemia in dog heart. 
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the reference and experimental cuvettes. Potassium cya- 
nide and sodium dithionite (Na38504) were added to the 
experimental cuvette to reduce the mitochondrial respira- 
tory pigments; the suspensions (reduced-oxidized) were 
subsequently scanned. 

Rapid mitochondrial calcium uptake was measured by 
dual-beam spectrophotometry (Aminco Instrument) by 
using the calcium-sensitive dye murexide (ammonium 
purpurate, Matheson-Coleman-Bell). The assay medium 
consisted of: 70 mM sodium chloride, 8 mM potassium 
phosphate buffer, 300 M murexide, 3 ug rotenone, 0.2 M 
sucrose-5 mM Tris-hydrogen chloride buffer, pH 7.2, and 
mitochondrial protein at 1 mg/ml in a final volume of 3.0 
ml. Calcium was added (200 to 300 nmoles) followed by 
succinate (5 mM) as the respiratory substrate to support 
energy-linked uptake of calcium by the mitochondria. 
Oxygen consumption was measured simultaneously by a 
vibrating platinum electrode inserted in the reaction cu- 
vette. 

Determination of fatty acid oxidation by mitochon- 
dria by radioisotope measurement of production of [14-C] 
carbon dioxide: Mitochrondrial protein (0.3 to 0.5 mg) was 
added to 1 ml of incubation medium containing: 0.1 
umole of coenzyme A, 19.5 umoles of potassium chloride, 
10 umoles magnesium chloride, 45 nmoles of palmitate-1- 
C14 (specific activity 22,500 dpm/mole) or 105 nmoles of 
hexanoate-1-C14 (1,200 dpm/nmole), 45 umoles of potassi- 
um phosphate, pH = 7.4, 2 umoles of adenosine triphos- 
phate, + 10 nmoles of cytochrome c, + 5 u moles of l-car- 
nitine. Palmitic-1-C14 and hexanoic-1-C1* acids were pre- 
pared as the sodium salts carried in 0.1 percent bovine 
serum albumin. 

The mitochondria were incubated for 15 minutes at 30 
C in sealed 10 ml Erlenmeyer flasks. C140 production 
was linear for this time period. The reaction was termi- 
nated by injection of 0.1 ml of 6N sodium hydroxide to 
trap the C1402. The flasks were allowed to stand for a 
minimum of 1 hour before measurement of the fatty acid 
oxidized. C1402 was then released onto Whatman no. 1 
filter paper strips soaked in hyamine hydroxide [p-(diiso- 
butyl-cresoxyethoxyethyl) dimethyl-benzylammonium hy- 
droxide] (Packard Instrument) and sealed in specimen 
bottles containing the basic incubation medium by injec- 
tion of 0.2 ml of 6N hydrogen chloride. The bottles were 
rotated for 30 minutes to allow for complete removal of 
the C14Q9. The paper strips were cut into 4 sections and 
dropped into the counting vials where the carbon-14 ra- 
dioactivity was then eiuted with 1 ml of methanol. The 
Scissors used to cut the radioactive strips were washed 
with a portion of the methanol. The paper strips were 
eluted by the methanol for 15 minutes before addition of 
the scintillation medium containing 5 ml of toluene, 5 ml 
of Beckman Bio-Solv BBS-3, and 42.4 mg of Fluoralloy 
mix (Beckman). Radioactivity was measured in a Packard 
liquid scintillation spectrometer. An external standard 
method for quenching correction was used. 

Determination of mitochondrial oxygen consumption: 

1. Manometric method. Oxygen consumption by mito- 
chondria with palmitate or hexanoate + carnitine as sub- 
strate was measured on a Gilson differential respirometer 
using automatic readout. Six milligrams of mitochondrial 
protein was suspended in 3 ml of incubation medium con- 
taining components in the same concentrations as de- 
scribed for the radiochemical determination, except that 

Palmitate was present in a concentration of 0.12 mM. The 
evolved carbon dioxide was absorbed onto potassium hy- 
droxide-soaked filter papers in the center well of Warburg 
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vessels. Measurements were made every 5 minutes at 30C 
for 30 minutes. 

2. Oxygen electrode assay. A vibrating platinum elec- 
trode was used to measure mitochondrial respiration in 
the presence of glutamate-malate and palmityl CoA (5 to 
20 uM) and 1 mM carnitine. Palmityl CoA in high con- 
centration is known to inhibit carnitine palmityltransfer- 
ase!? and adenine nucleotide translocase!! in mitochon- 
dria. Therefore, this range of palmityl CoA concentration 
was employed for optimal rates of oxygen consumption as 
determined in this laboratory. Approximately 500 nmoles 
of adenosine diphosphate was added to effect a rapid state 
3 respiratory burst. Rates of oxygen consumption were 
then compared with the rates determined by the mano- 
metrie technique. 

Enzyme assay: Carnitine palmityltransferase was as- 
sayed as described by Pande and Blanchaer!? in an incu- 
bation medium containing palmityl CoA, C14-methylcar- 
nitine and 0.1 to 0.3 mg of mitochondrial protein. 

Tissue carnitine measurements: Carnitine was mea- 
sured by the method of Marquis and Fritz.13 Carnitine is 
allowed to esterify acetyl CoA with equimolar release of 
coenzyme A. This reaction occurs upon the addition of 
acetyl CoA:carnitine transferase. The release of coen- 
zyme A ~ SH into the medium causes cleavage of 5,5/- 
dithiobis-2-nitrobenzoic acid (DTNB) to yield a chromo- 
genic compound. Absorbance of this compound is mea- 
sured at 412 nmeters and is equivalent to the concentration 
of carnitine initially present. 

Cardiac relaxing system (sarcoplasmic reticulum): 
The cardiac relaxing system was prepared as described by 
Harigaya and Schwartz.14 The measurement of calcium 
binding and release was made with use of a dual beam 
spectrophotometer with a vibrating electrode for rapid 
mixing and the calcium-sensitive dye ammonium purpu- 
rate (murexide). The basic reaction mixture used is de- 
scribed in the tables; this is optimal for calcium binding 
and release.!? Various temperatures were employed and 
repeated additions of adenosine triphosphate were made 
to test ability of the system to be restimulated. The variables 
measured for calcium binding (total binding and initial 
rate of binding) and spontaneous release (maximal rate of 
release/total binding and time of release) have been char- 
acterized in recent work from our laboratory!5; their sig- 
nificance will be discussed further. The cardiac relaxing 
system isolated from each ischemic animal was compared 
with the nonischemic area of the left ventricle taken from 
the anterior wall and anterior septum of the same animal. 
Results are expressed as percent of control values. 

Sodium, potassium adenosine triphosphatase: The en- 
zyme was isolated from 20 to 25 g of ischemic left ventri- 
cle and either “control” (visibly unaffected) left ventricle 
or right ventricle by the method of Schwartz et al.16 Con- 
trol studies have shown no significant difference between 
Na*,K*-ATPase characteristics from the right and left 
ventricles. The sodium iodide treatment (further purifica- 
tion) was not carried out because of the small size of the 
tissue sample. Only a small sample was used since the re- 
maining tissue was needed for other simultaneous bio- 
chemical studies. Protein was determined by the method 
of Lowry et al.17 

Na*,K*-ATPase assay was performed by: (1) a stan- 
dard phosphate estimation of Martin and Doty15 as modi- 
fied by Schwartz et al.19 and (2) the linked pyruvate ki- 
nase-lactate dehydrogenase continual recording system.16 
Binding of H3-ouabain to Na*,K*-ATPase was performed 
by the centrifugation method of Schwartz et al.16 
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scale: each large division — 20 seconds; paper speed — 0.25 
mm/sec. 


Morphologic studies: Samples of anterior and posterior 
walls of the left ventricle were taken from a total of 9 dogs 
killed at 3 days, 6 to 8 days, 13 to 15 days, 34 to 35 days or 
70 days after ligation of the left circumflex coronary artery 
before the remainder of the myocardial tissue was used for 
biochemical studies. To ensure the morphologic correla- 
tion of this study to myocardial ischemia, samples of 
heart muscle used in the electron microscopic observa- 
tions were taken from surrounding areas of necrosis rather 
than from central areas of necrosis or granulation tissue of 
the posterior papillary muscle. The anterior papillary 
muscle of the left ventricle of each dog was sampled as an 
intact control tissue to compare with an ischemic injured 
tissue from the posterior papillary muscle. Strips of heart 
muscle were immersed in 4 percent paraformaldehyde-5 
percent glutaraldehyde in phosphate buffer for 1 hour, 
then cut into 1 mm cubes and placed in fresh fixative. 
After a series of buffer rinses the tissue was postfixed in 1 
percent osmium tetroxide, dehydrated in ethanol and em- 
bedded in Epon. Thin sections were stained with uranyl 
acetate and lead citrate and were examined in an RCA- 
EMU4 electron microscope. Adjacent larger sections were 
embedded in paraffin and processed for light microscopic 
studies. Four hearts (1 from a normal dog, 1 from a dog 
killed 3 days after ligation and 2 from dogs killed 8 days 
after ligation) were perfused with 2 percent glutaral- 
dehyde in phosphate buffer as follows: A cannula was in- 
serted into the left femoral artery and filled with blood 
before attachment to a Gregg cannula placed in the left 
main coronary. The ligature to the left circumflex artery 
was removed immediately before perfusion with glutaral- 
dehyde through the Gregg cannula. The heart was re- 
moved, and the papillary muscles were exposed. Strips 
from the left anterior papillary muscle (intact) and the 
left posterior papillary muscle (ischemic) were clamped at 
rest length, excised and placed in the formaldehyde-glutar- 
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aldehyde fixative. Adjacent sections were processed for 
light microscopy. All histologic sections were cut 7u thick 
and stained with hematoxylin-eosin, Masson trichrome, 
phosphotungstic acid hematoxylin and hematoxylin-basic 
fuchsinpicric acid (HBFP) solution.? In 1 experiment 
(dog killed 8 days after ligation) ruthenium red was added 
to the glutaraldehyde fixative to permit detection of myo- 
cardial cells that had disrupted sarcolemmal membranes. 


Results 
Hemodynamics 


Upon acute ligation of the left circumflex coronary 
artery, force development in the lateral strain gauge 
fell to a level of 20 to 40 percent of control value al- 
though there was no change or an increase in force 
development in the anterior strain gauge unless pro- 
found hypotension ensued (Fig. 2). In some animals 
peak dF/F in the anterior strain gauge increased 
considerably (30 to 50 percent) with ligation; this re- 
sponse, which followed the ligation by several min- 
utes, was attributed to intense sympathetic stimula- 
tion. Sham control animals had comparable dF/F 
values in the anterior and lateral strain gauges. 

In animals examined after prolonged ligation and 
repeat thoracotomy, peak dF/F was 30 to 60 percent 
of control values. When dF/F was measured at the 
time of aortic ejection, the results were even more 
striking: dF/F in the ischemic area was frequently 
zero or negative. This absence of developed force 
during the time known to encompass the maximal 
value for the first derivative of rate of rise of left ven- 
tricular pressure (dP/dt) suggested that some of the 
measured force in the ischemic area was referred 
from distal areas and that functional impairment 
was even more severe. The problem of referred force 
has previously been discussed by Schelbert et al.?° 

In some animals the left ventricular end-diastolic 
pressure was increased; this tended to occur in early 
myocardial infarction (1 to 8 days after ligation) but 
was not a universal finding in any time group. Aortic 
occlusion studies resulted in a small increase (50 to 
80 percent) in ventricular peak pressure, which was 
variably sustained. The same maneuver in sham ani- 
mals resulted in a 150 to 200 percent sustained in- 
crease in ventricular pressure. This finding implied 
that regional ischemia had decreased the ventricular 
functional reserve. The electrocardiogram showed 
the usual S-T segment changes characteristic of 
ischemia (Fig. 3). 
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FIGURE 3. Electrocardiogram (lead !!) before and after acute 
occlusion of the left circumflex artery. 
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TABLE | 


Representative Values for Respiratory Function of 
Mitochondria Isolated from Ischemic Left Ventricle Compared 
to Values for Normal Left Ventricular Preparations 
PRS ce ee) ER EX Ree edi E RE C PME S CER EY acne a 


Days After Ligation RCI ADP:0 Q0» 
SE AE a RL eu EN ES Ee WM d Mop AS teen EE T IN LR 
1 6 3.4 80 
7 5 2.5 38 
7 (+cytc) 5 2.5 93 
13 5 3.6 144 
35 7.4 3.5 169 
Normal* 7.5 312 172 


a UEM c Me uui uic LM i SM E 

*Normal values include those obtained from normal or sham- 
operated dogs. 

ADP:O — ratio of oxygen consumed to ADP phosphorylated to 
ATP. This ratio is indicative of the efficiency of energy produc- 
tion; QO. = rate of respiration during active phosphorylation 
(state 3) expressed in natoms oxygen consumed per minute 
per milligram of mitochondrial protein. Temperature 30 C. 
Glutamate-malate is the substrate; RCI — respiratory control 
index, ratio of the rates of “resting” (state 4) and active (state 3) 
mitochondrial respiration. The higher the ratio, the “tighter” the 
coupling of respiration to phosphorylation. 


Mitochondria 


Oxidative phosphorylation: Measurement of oxi- 
dative phosphorylation in mitochondria from isch- 
emic tissue revealed a marked depression in all vari- 
ables [the ratio of oxygen consumed to ADP phos- 
phorylated to ATP (ADP:0), respiratory control 
index and rate of respiration during active phospho- 
rylation (QO2)] approximately 7 days after ligation 
(Table I). The most dramatic decrease—reduction in 
respiratory activity (QO») during state 3 respiration* 
—indicated severe impairment of electron transport 
capability. Addition of exogenous cytochrome c pro- 
duced some improvement in the QOs values (Table 
I) although they were still significantly below control 
values. Approximately 2 weeks after ligation, mito- 
chondrial respiratory function approached normal. 

Difference spectral analysis (Fig. 4) of mitochon- 
dria isolated from tissue studied after 7 days of isch- 
emia revealed greatly decreased absorption at 550 
nmeters and 440 nmeters compared to the level in nor- 
mal (control) spectra. The absence of absorption 
peaks in these regions is indicative of deficiencies in 
both cytochromes c (520 and 550 nmeters) and aa 
(440 and 600 nmeters) content. 

Mitochondrial calcium transport: Studies of res- 
piration-supported (succinate as substrate) mito- 
chondrial calcium uptake with simultaneous mea- 
surement of oxygen consumption (Fig. 5) revealed 
not only a marked depression in calcium uptake in 
mitochondria from tissue studied after 7 days of 
ischemia, but also a “release” of the calcium taken 
up while respiratory activity remained constant (Fig. 


e OFORE. 

* State 3 respiration indicates oxygen uptake during maximal 
phosphorylation of adenosine diphosphate; state 4 respiration 
indicates oxygen uptake in the absence of phosphorylation of 
ađenosine diphosphate. 
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FIGURE 4. Difference spectral analysis of mitochandrial cyto- 
chromes. A = absorbance of mitochrondria isolated from 
ischemic left ventricle 7 days after ligation of the circumflex 
artery and mitochondria isolated from normal left ventricle. A 
notable lack of absorbance in tracing from ischemic mitochondria 
at 440 nmeters and 600 nmeters and at 520 nmeters and 550 
nmeters indicates a deficiency in cytochromes a and c, respec- 
tively. The absorbance peaks at 430 nmeters and 560 nmeters are 
cytochrome b. See Material and Methods for details of analysis. 


5B). In normal preparations this *release" was not 
observed unless the system became anaerobic or res- 
piration was blocked by inhibitors (potassium cya- 
nide or Antimycin A). By 12 to 14 days after liga- 
tion, mitochondria from the ischemic area appeared 
to have regained their capacity for calcium uptake 
(Fig. 5C), thus showing an improvement similar to 
that of respiratory function (Table I). 

Fatty acid metabolism: Carnitine-stimulated oxi- 
dation of palmitic acid by mitochondria from normal 
and ischemic myocardium was determined to occur 
optimally at concentrations of l-carnitine between 1 
and 5 mM. By contrast, oxidation of hexanoic acid 
by mitochondria was not consistently altered by any 
concentration of carnitine. When total oxygen con- 
sumption was measured manometrically in the pres- 
ence of palmitate (normal left ventricular mitochon- 
dria), the addition of 1 mM of carnitine stimulated 
respiration from —2.8 to 30 natoms oxygen /min per 
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FIGURE 5. Simultaneous measurement of mitochondrial oxygen 
consumption and calcium uptake. A, mitochondria isolated from 
normal left ventricle. B, mitochondria isolated from left ventricu- 
lar tissue after 7 days of ischemia. C, mitochondria isolated 
from left ventricular tissue 13 days after ischemic insult. Upper 
traces show oxygen consumption measured polarographically. 
Succinate (Succ) is the respiratory substrate supporting calcium 
uptake. Lower traces show spectrophotometric measurements 
of changes in light transmission of the calcium-sensitive dye 
murexide. A downward deflection indicates the uptake of calci- 
um. Temperature 30C. See text for details. 


mg. Oxygen consumption measured in the presence 
of hexanoate (7.1 natoms oxygen/min per mg) was 
not affected by the addition of 1 mM of carnitine. 

The effect of 5 mM of carnitine on stimulation of 
palmitate-1-C14 oxidation is shown in Figure 6A. In 
normal dog heart mitochondria, isolated from the 
left ventricle of a 7-day sham-operated dog, palmitate 
oxidation was stimulated 300 percent by carni- 
tine. The stimulation was somewhat greater 
(495 percent) in normal dog heart mitochon- 
dria. In the dog heart with chronic ischemia, carni- 
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FIGURE 6. Mitochondria from left ventricle of 
ence of A, 45 uM of palmitate- 1-C'^ or B, 
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tine-stimulated fatty acid oxidation was depressed. 
One day postoperatively, carnitine-stimulated mito- 
chondrial oxidation of palmitic acid was decreased 
by approximately 66 percent in the left ventricle. By 
7 days, the average amount of palmitate oxidized in 
the absence of carnitine by left ventricular mito- 
chondria isolated from the dog heart with chronic 
ischemia was not significantly different from that 
oxidized when carnitine was present. Gradual recov- 
ery of the carnitine-mediated oxidation of fatty acid 
was seen to begin 12 days after ligation in the dog 
with chronic ischemia and was 80 percent of normal 
levels 35 days after ligation. However, complete re- 
covery of oxidative capacity was not observed. Addi- 
tion of 10-5 M cytochrome c to the mitochondrial 
incubation medium had no significant effect on the 
total amount of fatty acid oxidized. 

The oxidation of hexanoate-1-C!* was measured in 
dog heart mitochondria from sham-operated dogs as 
well as in mitochondria from dog hearts with chronic 
ischemia prepared 1 and 7 days postoperatively (Fig. 
6B). The amount of hexanoate-1-C!* recovered as 
C140, was not found to be different in mitochondria 
from the sham-operated dogs and in dogs with 
chronic ischemia. In fact, the dog heart with 7 days 
of chronic ischemia, although demonstrating severe 
impairment of palmitate oxidation in the presence of 
carnitine, continued to oxidize hexanoate at control 
levels or higher. 

Respiratory measurements were made of mito- 
chondria isolated from left ventricle and interven- 
tricular septum of control dogs and dogs with 7 days 
of chronic ischemia. In the presence of 0.12 mM of 
palmitate and 5 mM of carnitine, manometric deter- 
mination of normal respiratory rates (QO») gave 
values of 40 natoms oxygen/min per mg (left ventri- 
cle) and 30 natoms oxygen/min per mg (interven- 
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LV 


LV 


tv LV LV 
35 DAY 1 DAY 7 DAY 1 DAY 7 DAY 
garont SHAM SHAM CHRONIC CHRONIC « 


normal, sham-operated and chronically ischemic dog hearts were incubated in the pres- 
105 uM of hexanote- 1-C'^, with or without 5 mM of carnitine added. The mitochondria 


were incubated at 30C for 15 minutes. C140, was measured as described under Materials and Methods. All determinations were per- 


formed in duplicate. 
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TABLE Il 


Activity of Carnitine Palmityltransferase and Levels of 
L-Carnitine in Hearts from Normal Dogs and Dogs with 
Chronic Ischemia 


ar A E a NN 











Carnitine Palmityl- 
e Q0. : transferase L-Carnitine 
Ligation IVS LV IVS LV IVS RV LV 


Sr RI NU REN EE 


Normal... 160 13.65-- 1.89* 11.796 + 1.66* 3.94 4.90 5.60 
a) (4) (5) 

1 120 78 6.47 4.32 4.5 . 0.83 
Q) (2) (2) (2) 

7 162 35 6.8940.75* 3.254 0.44* 3.52 ... 1.21 

(3) (3) (4) (2) (2) 

14 108 85 17.7 14.6 $e. 32s, 8 

@ Q) a) Q) (21) 


* + standard error of the mean. 

Numbers in parentheses represent number of animals used; 
all determinations were performed in duplicate. 

Carnitine palmityltransferase activity expressed as nmoles of 
palmitylcarnitine formed per minute per milligram of mito- 
chondrial protein at 30 C; IVS = interventricular septum; l-carni- 
tine levels expressed as umoles of carnitine/g of dry weight; 
LV = left ventricle; QO. = rate of respiration during active phos- 
phorylation, expressed as natoms of oxygen consumed per 
minute per milligram of mitochondrial protein at 30 C; RV — 
right ventricle. 


tricular septum). Polarographic measurement of mi- 
tochondria from normal left ventricle in the presence 
of 10 uM palmityl CoA and 1 mM of carnitine gave 
QO» values of 53 natoms/min per mg (bypassing the 
activation of palmitate). When glutamate-malate 
was used as a substrate for oxidation, QOs values 
ranged from 110 to 160 natoms/min per mg (Table 
II). It is clear from these data that the capacity of 
the electron transport chain is not normally rate-lim- 
iting to fatty acid oxidation. Mitochondria isolated 
from the left ventricle of ischemic dog heart 7 days 
after ligation consumed oxygen at the rate of 5 na- 
toms/min per mg in the presence of palmitate and 5 
mM of carnitine. With glutamate-malate as a sub- 
strate, ischemic mitochondria consumed oxygen at 
rates of 30 to 80 natoms/min per mg (Table II). 

Since the carnitine-mediated stimulation of palmi- 
tate oxidation appeared to represent an early and 
progressive defect in fatty acid utilization, the spe- 
cific activity of carnitine palmityltransferase was de- 
termined on various days after ligation. Oxygen up- 
take was measured simultaneously (Table LT} A 
marked decrease in mitochondrial carnitine palm- 
ityltransferase activity was observed in ischemic left 
ventricle as early as 1 day after ligation. This de- 
crease in activity became more significant by 7 days, 
but a rise toward “normal” levels occurred by 14 
days. Lowered tissue levels of l-carnitine (Table II) 
correlated well with the depressed activity of carni- 
dine palmityltransferase. Values were markedly de- 
creased from normal by 7 days, and these levels 
began to recover in the ischemic left ventricle 21 
days after ligation. 
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TABLE Ill 


Calcium Binding and Release Parameters: Effect of Acute 
Ischemia (no. — 6) 


——M———— BMgM— re d 


Percent of 
Control 
Initial binding rate 80-100 
Total binding 90-105 
(Time to release)-: 53-70 
Maximal release rate/total binding 35-82 


BINMZESCE C er ceo MEE A 


Calcium binding and release cycle in sarcoplasmic reticulum 
measured spectrophotometrically as previously described. 
Reaction carried out in 3 ml of volume at 30 C with 40 mm of Tris 
maleate (pH 6.8), 10 mM magnesium chloride, 0.1 M potassium 
chloride, 40 „M calcium chloride, 0.3 mM Murexide (ammonium 
purpurate) and 0.25 mM adenosine triphosphatase. Sham- 
operated control days showed no difference between the ex- 
perimental and control areas. 


Sarcopasmic Reticulum— Cardiac Relaxing System 


Acute ischemia: Dogs were examined as described 
at various times after acute ligation of the left cir- 
cumflex coronary artery. The myocardium under the 
2 strain gauges was sampled to assure that the func- 
tionally impaired (ischemic) zone was tested against 
the normal (nonischemic) zone. Cardiac relaxing sys- 
tem was prepared as described. In acutely ischemic 
hearts tested 12 to 60 minutes after ligation, the fol- 
lowing changes were noted (Table III). The first 
change in cardiac relaxing system occurred very 
early and mainly affected the release phase of the 
binding-release cycle. These changes have been most 
sensitive in paralleling functional impairment in all 
models as will be demonstrated in other sections. 
The energy of activation* of binding and release rates 
was not changed nor was the amount of restimulated 
binding induced by an additional amount of ATP af- 
fected by acute ischemia. Mitochondria and Nat,Kt - 
-ATPase isolated from acutely ischemic animals at 
this time were normal. 

Chronic ischemia: When cardiac relaxing system 
was isolated from control and ischemic segments of 
dog hearts with surgically induced left circumflex 
coronary arterial occlusion, a varied time sequence 
was observed, but this variability afforded some in- 
teresting observations and correlations (Table IV). 

The 2 general patterns observed in the first 2 
weeks were: (1) marked impairment of both binding 
and release; and (2) alteration of release parameters 
only. The former was found in the first 2 weeks; the 
latter, 2 or more weeks after occlusion. In the first 2 
weeks, the marked impairment of- binding parame- 
ters correlated with severe mitochondrial impair- 
ment and Na+,K+-ATPase impairment. In those 2 





* Energy of activation (Ea) refers to the amount of energy, in 
calories, required to bring ail the molecules of 1 mole of a sub- 
Stance or reactant at a Specific temperature to an activated 
State so that the chemical reaction may occur. Enzymes accel- 
erate reactions by lowering the Ea. 


TABLE IV 


Calcium Binding and Release Parameters: Effect of Chronic 
Ischemia (no. = 12)* 


Days After Ligation 
Mil dg Dre eee EN NE: 
1 7-8 13-14 >30 


Initial binding rate 40-50 40-90; 25-100; 100 


Total binding 40-50 39-831 28-110; 100 
(Time to release) ^! 50 33-80 64-90; 60-65 
Maximal release rate/total 

binding 60-80 66-88 87 65-70 


Danni! ea as RUE ee ETE 


* All values indicate percent of control 

* Results from 2 animals with unusual preservation of normal 
function (see text). Results were compared to those in normal 
operated animals after 1 and 7 days of ischemia. 

Reaction as in Table Ill. 


animals without binding impairment (one studied 7 
days and one 13 days after ligation), the other organ- 
elles were normal. In addition, the sections from ani- 
mals with acute ischemia showed no changes in 
binding (see previous section) and had normal mito- 
chondrial and Na*,K*-ATPase activity levels. As 
noted in the studies of acute ischemia, the tempera- 


FIGURE 7. Portions of 2 myocardial cells 
in left anterior papillary muscle of a dog 
killed 8 days after ligation of left circum- 
flex coronary artery. Normal arrangement 
of thick and thin myofilaments to form 
characteristic banding patterns, normal 
size and distribution of mitochondria, sar- 
coplasmic reticulum (SR), T system and 
glycogen are seen after perfusion fixation 
with glutaraldehyde (X28,000, reduced 
by 33 percent). 
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TABLE V 


Na*,K*-ATPase Activity Levels in Control and Ischemic Dog 
Heart* 


i a re ee ee 


Day no. Control Ischemic 
L n L A e Le RUFI efi 
1 4 16.0 15.3 NS 
7-8 8 17.52: 2.9 10.4+ 3.9 P «0.01 
>28 1 24.1 22.0 


ERR ee ee ee ee 


* Enzyme activity levels are expressed as moles of inorganic 
phosphate per milligram of protein per hour. 
NS = not significant; P < 0.01 = highly significant. 


ture response and restimulated binding were unim- 
paired by the ischemic insult. 


Na*,K-*-ATPase 


Table V shows the results of Na*,K*-ATPase ac- 
tivity from both ischemic and control areas. One day 
after ligation, tissue taken from the ischemic area 
showed no enzyme inhibition. However, 7 days after 
ligation, ischemic tissue had consistently less enzyme 
activity than control tissue. The few experiments 
performed more than 4 weeks after ligation indicated 
a complete recovery of the enzyme activity level. 

Various attempts were made to assess kinetic and 
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FIGURE 8. Photomicrograph of left posterior Papillary muscle 
from a dog killed 8 days after ligation of the left circumflex 
coronary artery. Injured myocardial ceils are characterized by 
disintegrated myofibrils and disarrayed cross striations (Phos- 
photungstic acid hematoxylin stain X640, reduced by 33 per- 
cent.) 


binding characteristics of the Na*,K*-ATPase to 
determine if the remaining activity was “normal” 
although reduced. The “yield independent parame- 
ters” measured were as follows: 

(1) Km for Na+ and K+. Km represents the con- 
centrations of ion that produce half maximal stimu- 
lation. The values obtained agreed well with those 
normal values previously published?1.22; Km (Nat) 
~ 10mM, Ky, (K+) ~ 1-2 mM. 

(2) Iso for ouabain. Iso represents the concentra- 
tion of drug that inhibits the enzyme activity level 


pen: 











y x 
na e 


killed 8 days after 





Alex See E 
coronary arterial ligation an 


by 50 percent. Because of time-dependency of oua- 
bain inhibition, a conventional 10 minute value was 
used. The value for Iso was found to be — 10-6 M, 
which is normal for this species. 

(3) The characteristics of H3-ouabain binding to 
the remaining enzymes were quantitatively?3 and 
qualitatively24 normal. 


Morphologic Studies 

Samples of anterior and posterior papillary mus- 
cles from the left ventricle of a sham-operated dog 
revealed normal morphologic features. The left ante- 
rior papillary muscle taken from a dog killed 3 days 
after ligation of the left circumflex coronary artery 
showed no histologic abnormalities except partial 
fuchsinorrhagic changes of myocardial sarcoplasm on 
HBFP stain. Electron microscopic studies of the an- 
terior papillary muscle showed no appreciable mor- 
phologic changes. The left posterior papillary muscle 
had focal subendocardial areas of myocardial necro- 
sis with infiltration of polymorphonuclear leukocytes 
and lymphocytes, but there was no evidence of con- 
nective tissue proliferation. The necrotic lesions con- 
tained disrupted myocardial cells with disarrayed 
cross striations, but adjacent cells appeared normal 
except for sarcoplasmic fuchsinorrhagia, which was 
sometimes intense. Electron microscopic studies re- 
vealed no striking changes in these fuchsinorrhagic 
myocardial cells except for decreased density of the 
mitochondrial matrix. 

The left anterior papillary muscle 8 days after li- 
gation of the left circumflex coronary artery was nor- 
mal histologically except for focal fuchsinorrhagic 
changes of myocardial sarcoplasm revealed by HBFP 
staining. Electron microscopic images (Fig. 7) re- 
vealed short discontinuities in the sarcolemma, but 





= ex = < 
d perfused with glutaraldehyde fixative. 





A, region of contact at intercalated disc between 2 cells of the left anterior papillary muscle shows normal desmosomes (large arrow) 
and gap junctions (small arrow). B, intercalated disc of left posterior papillary muscle. The desmosomes in this ischemic tissue are 
widened. Compare with A at the same magnification. (X 12,000, reduced by 12 percent.) 
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FIGURE 10. Perfused left posterior pa 


pillary muscle taken from a dog 
corresponding changes in density are shown. A shows appearance of 
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8 days after coronary arterial ligation. Widening of Z discs and 
“N” line on one side of Z disc, but sometimes on both sides. B 


shows widened Z discs as well as “N” lines on either side of Z. Dense material resembling Z substance is seen beneath the sarcolem- 


ma (arrows). (X13,000 [A] and 10,000 [B], reduced by 11 percent.) 


the basement membrane was uninterrupted and 
there was no sign of cellular organelles in the extra- 
cellular space. Material as dense as Z substance and 
sometimes continuous with the Z disc was occasion- 
ally seen just below the sarcolemma. The contractile 
filaments, banding patterns and intercalated disc 
appeared normal. Longitudinal tubules of the T sys- 
tem were encountered as well as the more typical 
transverse tubules. The sarcoplasmic reticulum (SR) 
and the nuclei were indistinguishable from those 
seen in the papillary muscles from the normal and 
sham-operated dogs. The mitochondria had numer- 
ous tightly packed cristae with moderately dense 
matrix. 

Sections of the left posterior papillary muscle 
showed extensive necrosis of myocardium and forma- 
tion of early granulation tissue. Disarrayed cross 


FIGURE 11.Widened Z disc from same mus- 
cle shown in Figure 10 at higher magnifica- 
tion. The N lines appear to have merged with 
the Z disc. (X40,000.) 


striation of myocardial cells and disruption of the 
plasma membrane were noted (Fig. 8). Infiltration of 
lymphocytes, plasma cells and macrophages was also 
present. Apparently viable myocardial cells adjacent 
to the necrotic lesions revealed fuchsinorrhagic cyto- 
plasmic changes with HBFP stain. At the ultrastruc- 
tural level, some of the cells had many short breaks 
in the sarcolemma but no major disruptions that 
would allow penetration of ruthenium red from the 
extracellular space. Figure 9, A and B, shows inter- 
calated discs from control and ischemic papillary 
muscle. Desmosomes in the intercalated disc were 
widened (Fig. 9A). Adjacent cells exhibited rather 
uniform changes in the contractile apparatus. The 
appearance of a dense line on either side or both 
sides of widened Z bands at the position of the N 
band in skeletal muscle was seen (Fig. 10, A and B). 
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FIGURE 13. A, another myocardial cell from the papillary mus- 
cle shown in Figure 12. The Z bands are no longer intact but M 
bands remain distinct. B, more severely damaged cells from 
same muscle showing dehiscence of intercalated disc, contract- 
ed sarcomeres in which M and | bands are not visible and Z 
bands are diffuse and widened. (17,000 [A] and X28,000 [B], 
reduced by 28 percent.) 
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FIGURE 12. Ultrastructural changes seen in 
left posterior papillary muscle 8 days after 
coronary arterial ligation include swollen mi- 
tochondria containing dense deposits, frag- 
mented thin filaments, distorted | bands, ir- 
regular Z bands with dense material spread 
out over thin filaments (arrows) and splitting 
of the Z band. Tubules of the SR or T System 
are not discernible. (28,000, reduced by 
24 percent.) 











Rel ee T 
FIGURE 14. Another severely damaged cell showing mitochon- 
drial changes but different ultrastructural changes in the con- 
tractile apparatus. The Z bands are indistinct or absent, the ! 
bands are elongated, the M bands are visible but the A bands 
appear compacted. (8,000, reduced by 20 percent.) 


The Z discs were irregular and appeared to be split- 
ting in half at times with a region of greater density 
toward each I band and a less dense region in the 
middle (Fig. 11). This outer density may be identical 
to the “N” lines seen in Figure 10, A and B. Mito- 
chondria and other cell components were unchanged. 
In other cells, mitochondria were swollen and con- 
tained electron-opaque inclusions resembling calci- 
um deposits (Fig. 12). The cristae were sometimes 
fragmented, and the matrix material was sparse or 
absent. The sarcomeres were stretched, and changes 
in the contractile apparatus were seen in the middle 
of the A band, and in the I and Z bands. Thick fila- 
ments were aligned in the A band, but in some cases 
the M line was distorted and the ends of the A bands 
were uneven. Thin filaments were fragmented or had 
dense material, which seemed to come from the Z 
band, distributed along the filaments. The I bands 
varied greatly in size and were asymmetrical. The Z 
bands were no longer distinct (Fig. 13A). The sarco- 
plasm was depleted of glycogen and contained only 
short, randomly distributed fragments of filaments. 
Profiles of the T system containing the characteristic 
cell surface coat were not seen near the Z lines, and 
membrane vesicles between the bundles of myofila- 
ments appeared to be remnants of the sarcoplasmic 
reticulum. 

The most severely damaged cells showed disrup- 
tion of the sarcolemma and gap junctions and dehis- 
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cence of the intercalated disc (Fig. 13B). The sar- 
comeres were extremely contracted, leaving large 
areas devoid of filaments or sarcoplasm. M bands 
and I bands were not seen, and Z bands were quite 
diffuse and wide (Fig. 13B). The mitochondria were 
swollen and contained deposits of electron-opaque 
substance. Vesicles and fragments of disrupted 
membrane were distributed at random. Red blood 
cells and macrophages were present in the extracel- 
lular space. 

Another group of cells showed different changes in 
the muscle banding patterns. In these cells Z bands 
were indistinct or absent, the I bands were very 
large, the M bands were distinct and the A bands 
were shorter than usual (Fig. 14). In most sarcomeres 
the thin filaments were disrupted and thickened. In 
others the thick filaments were difficult to resolve 
because they were packed so tightly in the center of 
the sarcomere. The M band was not visible in these 
latter sarcomeres. In all of these cells the mitochon- 
dria were swollen and full of dense deposits. were 
disrupted or contained degenerated cristae. The sar- 
coplasm appeared leached out, and few vesicles re- 
mained. Electron microscopic studies showed that 
the occurrence of damaged cells was greatest 7 to 8 
days after ligation. 

Histologic sections of the left posterior papillary 
muscle from dogs killed 13 to 15 days after ligation 
revealed large areas of necrosis separated by a zone 
of granulation tissue from relatively well preserved 
myocardial cells. There was an intense fuchsinorrha- 
gia in the sarcoplasm of the preserved cells as seen 
with the HBFP stain, but the cells appeared viable. 
Electron microscopic study of sections of cells from 
the preserved muscle adjacent to granulation tissue 
revealed normal morphologic features. 

Sections from the posterior wall of the left ventri- 
cle taken 34 to 35 days after ligation revealed myo- 
cardial cells that were intact and had normal band- 
ing patterns. Some of the cells appeared swollen and 
had a concomitant reduction in matrix density. 
Thickened Z bands were observed in some cells. 

Samples of the heart taken 70 days after coronary 
ligation were similar to those taken 35 days after li- 
gation. The posterior papillary muscle and posterior 
wall of the left ventricle revealed large areas of scar- 
ring (Fig. 15). Histologic studies showed that myo- 
cardial cells adjacent to the scar were intact (Fig. 16). 
Electron microscopic studies showed a few swol- 
len cells that had mitochondria with decreased ma- 
trix density in a population of normal mitochondria. 
Samples from the anterior wall of the left ventricle 
were normal. 


Discussion 


Mitochondria 


Acute ischemia: Seven days after ligation the de- 
crease in mitochondrial ADP:O ratios is indicative 
of a loss of phosphorylative efficiency or ATP pro- 
duction. The lower respiratory control values indi- 
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FIGURE 15. A coronal section of the heart of a dog killed 70 
days after ligation of the left circumflex coronary artery. The 
posterior papillary muscle and posterior wall of the left ventricle 
(LV) show extensive fibrosis (arrows). A dark lesion in the ante- 
rior lateral wall of the left ventricle was a fresh hemorrhage 
Caused by suturing of a strain gauge before sacrifice. 


cate a "loosening" in the energy-coupling mecha- 
nism of the mitochondria. The most dramatic de- 
crease occurred in respiratory activity (QOz) during 
state 3 respiration and indicated marked impairment 
of electron transport capability. Difference spectral 
analysis of these mitochondria revealed deficiencies 
in both cytochromes c and as content. Addition of 
exogenous cytochrome c produced little improve- 
ment in the QOz values compared to normal control 
values. Jennings et al.? and Calva et al.8 have ob- 
served similar losses in mitochondrial co-factors with 
concomitant loss in oxidative phosphorylative capac- 
ity in mitochondria from severely ischemic tissue. 
These investigators?-8 reported losses in Krebs cycle 
intermediates? and nicotinamide and adenine nu- 
cleotides*; therefore, simple return of cytochrome c 
to these mitochondria could not be expected to re- 
sult in complete restoration of respiratory activity. 
Whether or not this loss of electron transport chain 
components is due to degenerative changes within 
the ischemic cardiac muscle cell or loss during isola- 
tion of the mitochondria remains to be determined. 
However, since control preparations did not exhibit 
these deficiencies, it can be concluded that distinct 
differences exist in the mitochondria from ischemic 
tissue. Isopycnic density gradient analysis (data not 
Shown) of mitochondrial preparations from tissue 
Studied after 7 days of ischemia revealed multiple 
peaks and shoulders, whereas normal control prepa- 
rations had a single discrete peak and shoulder. This 
is further evidence to indicate alterations in the mi- 
tochondrial populations from ischemic cells. 
The marked decrease in the rate of respiration- 
» Supported calcium uptake by mitochondria studied 
after 7 days of ischemia might be expected consid- 
ering the overall decrease in respiratory activity. 
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However, the calcium was “released” although the 
mitochondrial oxygen consumption remained con- 
stant, thus implying an apparent alteration in the 
calcium-binding sites in these mitochondria. Mea- 
surements of endogenous calcium content in mito- 
chondria studied after 7 days of ischemia revealed 
higher amounts (12 to 15 nmoles Ca**/mg mito- 
chondrial protein) than those in normal preparations 
(5.5 nmoles/mg). Whether or not the "release" of 
calcium in these ischemic preparations was due to 
increased endogenous calcium, alterations in mem- 
brane binding sites and the energy-transducing 
mechanism responsible for transport, or a combina- 
tion of these possibilities, remains to be determined. 
By 12 to 14 days after ligation, mitochondria from 
the ischemic area appeared to have regained their 
capacity for caleium uptake concomitant with the 
improvement seen in respiratory function. 

Two striking features regarding mitochondrial 
function in ischemic tissue have so far emerged from 
these studies. Twenty-four hours after the onset of 
ischemia, mitochondrial respiratory activity still ap- 
peared to be functional and 7 days after onset of 
ischemia, although respiratory activity was markedly 
depressed, viable mitochondria were still present in 
the ischemic tissue. Approximately 2 weeks after li- 
gation, mitochondrial respiratory function was ap- 
proaching normal levels. These data appear to corre- 
late with the established peak damage (5 to 7 days 
after ligation) and recovery (14 days after ligation) 
times following an infarction. It can probably be as- 
sumed that by 14 days after infarction, new mito- 
chondria have been synthesized in the remaining 
viable cells, since the half-life of mitochondria in the 
cell is 6 to 10 days.25.27 Jennings?® has suggested 
that failure of some critical process in the myocardial 
cell during ischemia leads ultimately to irreversible 





FIGURE 16. Photomicrograph of the left posterior papillary mus- 
cle from the specimen shown in Figure 15. Well preserved myo- 
cardial cells are adjacent to dense collagenous and fibrous tis- 
Sue. (Phosphotungstic acid hematoxylin stain X640, reduced by 
33 percent.) 





cell injury. He?8 has further suggested that this irre- 
versible injury may be located in the mitochondria 
but has indicated the need for more knowledge of the 
changes in cellular dynamics caused by the ischemic 
insult. 

Chronic ischemia: Mitochondria isolated from 
chronically ischemic dog heart have been character- 
ized for their ability to oxidize long and short chain 
fatty acids. Although hexanoate is oxidized at nor- 
mal rates throughout the progression of ischemia, 
there is a marked variation in the oxidation of pal- 
mitic acid by ischemic mitochondria. This variation 
is manifested by a decrease in the carnitine-mediat- 
ed stimulation of palmitate utilization. Examination 
of rates of oxygen consumption in normal and isch- 
emic tissue suggest that the oxidative capacity of the 
electron transport chain itself is not a limiting factor, 
although this capacity is vastly changed during isch- 
emia. In support of these observations, previous 
studies of the metabolic fate of free fatty acids dur- 
ing ischemia have shown significant alterations in 
the usual patterns of lipid metabolism, with de- 
creased oxidation of exogenous free fatty acid and in- 
creases in neutral lipid accumulation.?9.39 Histologic 
evidence of lipid accumulation in the myocardium 
has been noted in association with hypoxia. 

A specific change in the enzymatic transfer of long 
chain fatty acids into the mitochondrial matrix was 
described. Although the measured decrease in specif- 
ic activity of carnitine palmityltransferase was not 
sufficient to be theoretically “rate-limiting,” a fuller 
knowledge of the situation (in vivo) may modify 
these results. In addition to changes in carnitine pal- 
mityltransferase, a reduction in total tissue carnitine 
levels was noted in the dog hearts with chronic isch- 
emia. Gradual increases in these parameters oc- 
curred concomitantly with recovery of the carnitine- 
mediated palmitate oxidation after 7 days of isch- 
emia. 

These studies point to another defect in mitochon- 
drial metabolism during ischemia. The continued 
importance of fatty acids as substrates for mitochon- 
drial energy production and the overall metabolic ef- 
fects of accumulated fatty acid intermediates such as 
palmityl CoA and palmitylcarnitine will be of inter- 
est in future consideration of the disease process. 


Sarcoplasmic Reticulum—Cardiac Relaxing System 


Recent work from this laboratory!? has demon- 
strated that ATP induces a series of distinct phasic 
changes in the cardiac relaxing system. The first 
phase requires ATP and induces calcium binding; 
the second requires calcium binding and results in 
calcium release. These 2 phases have different re- 
sponses to Mg++, ATP, temperature and pH. Since 
they may occur simultaneously at different sites in 
the same reaction, the reaction cycle may occur in a 
saturable system of independent sites. 

The impairment in the cardiac relaxing system 
seems to be different in the 2 phases. The first im- 
pairment—in calcium release—is seen as early as 12 
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minutes after ischemia and is unaccompanied by 
changes in the mitochondria and Na*,K *-ATPase. 
In animals examined at later times, calcium 
binding as well as release is impaired. The defect in 
calcium binding is usually associated with defects in 
the metabolism of the other membranous organelles. 

These findings appear to relate the almost imme- 
diate loss in contractility to an in vivo function of 
which the spontaneous calcium release is an in vitro 
index. If the cardiac relaxing system is an in vitro 
representation of an activator calcium pool, then a 
simple explanation would be that early changes in 
activator calcium release are a cause of poor contrac- 
tility. However, if the cardiac relaxing system repre- 
sents only a mode of calcium clearance, a more com- 
plex explanation involving incomplete relaxation or 
other factors is more likely. The actual mechanism is 
not elucidated by these studies. 

Similar findings of early impairment of spontane- 
ous calcium release in cardiac relaxing systems isolat- 
ed from failing human? and rabbit hearts,?! and 
cardiomyopathic Syrian hamster hearts?? have been 
reported by this laboratory. 


Na*,K-*-ATPase 


The maintenance of membrane function and in- 
tegrity is essential for proper cellular function and 
probably plays an important role in regulation of the 
contractile state in cardiac muscle tnrough its sug- 
gested ability to bind and release Ca* *,?? a crucial 
cation in the excitation-contraction coupling event.3* 
Furthermore, the membrane is also responsible for 
proper maintenance of intracellular and extracellular 
Na* and K* concentrations. Gradients of these ions 
are essential for a transmembrane potential to exist 
so that excitation can occur. It is generally accepted 
that Nat+,K+-ATPase is located in the sarcolem- 
ma35.36 and that it is intimately involved with the ac- 
tive transport of Na+ and K *.21.22 

After the induction of myocardial ischemia, at 
least 2 events occur which suggest some type of 
membrane involvement: (1) K+ efflux,?* and (2) de- 
creased contractility in the ischemic area.98 Al- 
though there may be many other explanations for 
these effects, both the K+ efflux and decreased con- 
tractility could be linked to functional membrane al- 
terations. It was with this possibility in mind that 
we monitored Na*,K*-ATPase from control and 
ischemic tissue. 

Our results indicate that Na*,K * -ATPase activity 
is inhibited in hearts of dogs 7 days after ligation, 
and recovery may occur later. However, the remain- 
ing enzyme system from the ischemic area was quite 
normal with respect to Km and Iso. It is difficult to 
assess these early data, but it can be inferred that, 
since contractility is markedly depressed 1 day after 
ligation and Na*,K*-ATPase activity is not, the 
membrane system is not directly involved with the 
initial decrease. Also, since K* efflux is one of the 
first signs of ischemia, the ATPase may not be in- m 
volved in this aspect either. However, the decreased 
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Na*,K*-ATPase activity could be directly involved 
with cell death as follows. Up to the point of irre- 
versible cell damage, K* efflux is reversible and in 
fact, the concentration of K+ in the coronary sinus 
actually becomes less than the concentration of K+ 
in the myocardium, thus suggesting that an active 
pumping of K* into the cell occurs during the phase 
after ischemia.?8 This finding may indicate that al- 
though K* efflux occurs independently of pump ef- 
fect in the early stages of ischemia, proper pump 
function is necessary for complete recovery. In line 
with this reasoning, a dog with “sudden death" 13 
days postoperatively had a markedly depressed level 
of Na*,K *-ATPase fróm the ischemic area (specific 
activity 10 umoles inorganic phosphate /mg per hour) 
compared to control value (specific activity 18). 


Morphologic Changes 


The morphology of ischemic myocardium has been 
described in 2 different experimental models, that is, 
temporary occlusion of a coronary arterial branch2-3 
and permanent ligation of a coronary arterial 
branch.5.9.39.40 These previous studies by others 
have emphasized the early periods of ischemia, from 
5 minutes to 24 hours, and have employed immer- 
sion fixation techniques. The striking morphologic 
changes noted in our study of chronic ischemia oc- 
eurred when significant biochemical changes were 
noted in subcellular systems. This correlation was 
enhanced by the use of perfusion fixation techniques. 
The chances for postmortem change at the ultra- 
structural level in the posterior papillary muscle 
were minimized by the simultaneous perfusion of an- 
terior and posterior papillary muscles with fixative. 

Infarcted regions in the posterior papillary muscle 
and the posterior wall of the left ventricle were simi- 
lar morphologically in the model for ischemia used in 
our study. Cells adjacent to the necrotic areas 
showed minor ultrastructural changes 1 to 3 days 
after coronary arterial ligation. The greatest alter- 
ations of most cellular organelles were seen 6 to 8 
days after ligation. By 15 days the damaged cells 
had been replaced by granulation tissue and the re- 
maining myocardial cells appeared viable. Between 
15 to 70 days after ligation, some of the myocardial 
cells had thickened Z bands, which suggested that 
an addition of new contractile filaments might be 
taking place. A few cells appeared swollen and con- 
tained occasional swollen mitochondria. Other cells 
showed greatly increased deposits of glycogen. 

The sarcoplasmic reticulum and T system of cells 


in the ischemic area were normal even though some 
of these cells showed minor discontinuities in the 
sarcolemma. This was true at all periods after coro- 
nary arterial ligation except for the 6 to 8 day period 
when many of the cells were severely disrupted. This 
is of particular interest since the marked impairment 
of calcium binding of the cardiac relaxing system oc- 
curred during the first 2 weeks after ligation and was 
correlated with severe mitochondrial impairment 
and Na*,K+-ATPase impairment which occurred 6 
to 8 days after ligation. 

Changes in mitochondria for all time periods stud- 
ied were similar to those reported in the early peri- 
ods of ischemia (20 minutes to 6 hours).9.39.40 The 
dense deposits in mitochondria resembled the calci- 
um accumulation reported in early ischemia.*! Al- 
terations in mitochondrial electrolyte distribution 
may cause the altered metabolism, as others? have 
suggested. The reduced density of matrix and the 
unfolded cristal configuration in these mitochondria 
resemble the morphologic features of isolated mito- 
chondria involved in ion transport. Since the ion 
transport requires ATP, competition with the con- 
tractile apparatus for available ATP may be occur- 
ring at the very time when mitochondria should be 
making more ATP. Myofibrillar changes seen in the 
ischemic tissue 8 days after ligation include disor- 
ganization of I band structure, the appearance of a 
dense region, which has been referred to as a pseudo- 
N band,» and disruption of the Z band. These 
changes have also been observed in myocardial cells 
after 24 hours of ischemia.2.5.40 

The structural alterations seen in myocardial cells 
8 days after coronary arterial ligation particularly 
resemble normal myocardial cells perfused with low 
concentrations of potassium,** and this finding is 
consistent with biochemical events. Since the 6 to 8 
day time period is exactly when Nat+,K+-ATPase 
activity is inhibited, potassium efflux may be occur- 
ring. 

The results of our study suggest specific involve- 
ment of membrane organelle systems that govern 
cation metabolism in acute and chronic cardiac isch- 
emia. Two defects have been found in important 
membrane-bound systems, and these appear to 
occur rapidly after the occlusive insult. One is in the 
long chain fatty acid transport system of mitochon- 
dria and the other is in the sarcoplasmic relaxing 
system. Both aberrations could be responsible for the 
marked changes in contractility associated with 
myocardial ischemia. 
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Sudden death as a result of cardiac arrhythmias can be induced in 
swine by combining precordial X-irradiation and an atherogenic diet. 
Hypothyroidism was not essential to the rapid induction of disease. 
We monitored the electrical activity of the heart during the terminal 
episode in 18 swine; 13 electrocardiograms showed ventricular fibril- 
lation and 5 showed ventricular asystole. All 18 animals had ad- 
vanced coronary atherosclerosis, and 14 had anatomically demon- 
strable myocardial infarcts. 

In a correlated separate experiment, ventricular fibrillation thresh- 
old was significantly lower in atherosclerotic swine. Infusion of lido- 
caine increased the fibrillation threshold 4-fold in these animals. This 
animal model appears to be useful for other investigations related to 
cardiac arrhythmias. 


Rapidly developing occlusive coronary atherosclerosis can be pro- 
duced in swine by giving high fat-cholesterol diets and administering 
X-irradiation to the precordial region.! The lesions of the coronary 


arteries are morphologically similar to those produced with diet 


alone, but occlusive lesions develop much earlier as a result of the 
synergistic effect of X-irradiation. The regimen can be adjusted so 
that virtually all swine will die of coronary disease within 5 to 6 
months. The usual mode of death is sudden in the sense that observ- 
ers seldom note signs of ill health before the terminal collapse and 
the occurrence of death within minutes. This is the mode of death 
indicated by the term “sudden death" in our report. However, at au- 
topsy most swine had a myocardial infarct that by morphologic cri- 
teria was hours or days old. In addition, many also had older healing 
or healed myocardial infarcts. These findings in swine are sirailar to 
those recently reported for a series of human cases of sudden death 
in which autopsy was performed by the medicolegal pathologists in 
Albany County, N. Y.? When high fat-cholesterol diets alone have 
been given to swine neither sudden death nor myocardial infarction 
has been observed; when it occurs, death is usually a result of inter- 
current infection. 

In our previous study of sudden death in swine,! the pathophysio- 
logic cause of death was not determined in any instance, although a 
lethal arrhythmia such as ventricular fibrillation was suspected. The 
principal purpose of the current study was to investigate the imme- 
diate cause of death by obtaining terminal electrocardiograms in 
some swine that die suddenly. A secondary purpose was to determine 
whether a high incidence of sudden death could be produced in ath- 
erosclerotic swine without the use of the hypothyroid drugs employed 
in our previous study. The model of sudden death in euthyroid swine 
would resemble the human situation more closely. 
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Materials and Methods 


Part | 


Diet: Seventy-two male miniature swine of the Pitman- 
Moore strain fed atherogenic diets were used for Part I of 
the current study. All were 12 to 15 weeks of age at the 
outset of the experiment. They were divided into 2 groups 
of 36 swine fed either the moderate or severe atherogenic 
diet (Table I) and given X-irradiation. In addition, 12 
swine were given a low cholesterol commercial mash diet 
and X-irradiation in the same fashion as the groups re- 
ceiving the atherogenic diet. Four swine from a previous 
experiment,! X-irradiated and fed a control diet, were 
reexamined in more detail than previously along with the 
group receiving X-irradiation and a mash diet. 

The swine in the group fed the severe atherogenic diet 
received 2,500 calories/day throughout. Those in the 
group fed the moderate diet received 2,500 calories/day 
in the first month and 3,700 calories/day from the sec- 
ond month on; the latter diet was given in 2 divided 
meals. During the first 3 weeks the swine were condi- 
tioned to the diets by mixing the experimental food with 
commercial mash in the following proportions: first week 
1/4 experimental diet, 3/4 mash; second week 1/2 experi- 
mental diet, 1/2 mash; third week 3/4 experimental diet, 
1/4 mash; fourth week and thereafter, full experimental 
diet. During the course of the experiment when any swine 
appeared weak or less active than usual, a portion of the 
experimental diet was replaced with mash for a few days 
until the swine recovered and regained its strength. 

X-irradiation: Thirty swine in the group fed the mod- 
erate diet and 29 in the group fed the severe diet were 
given 2 doses of X-irradiation of 1,500 rads each to the 
precordial region, after anesthesia was induced with use of 
pentobarbital sodium. A ®°cobalt-teletherapy unit at a dis- 
tance of 60 cm was used with an 8.7 cm square portal. 
The first dose of X-irradiation was given 9 weeks and 8 
weeks, respectively, after the start of the experiment for 
swine fed the moderate diet and those fed the severe diet. 
All swine received a second dose of X-irradiation 4 weeks 
after the first dose. Six swine in the group fed the moder- 
ate diet received no X-irradiation because of early death 
apparently unrelated to the diet; 4 in the group fed the 
severe diet were given X-irradiation only once, and 3 were 
given no X-irradiation. 

Autopsy studies: Autopsies were performed on all 
swine except those that died very early in the experiment 
and a few others that were inadvertently discarded. The 
heart and aorta were removed intact; all major organs 
were examined routinely and appropriate sections taken 
for light microscopy. The hearts were examined systemat- 
ically, both grossly and microscopically for infarcts or 
other abnormalities. After the specimens were fixed in 
10 percent formalin, the amount and severity of coronary 
atherosclerosis were measured by ocular micrometer.? In 
brief, the procedure for the examination of the coronary 
arteries consists of making a series of cross-sectional cuts 
along the course of the 3 main vessels. The cuts were 
made at 5 mm intervals until an external diameter of less 
than 1 mm was reached. Alternate 5 mm segments of ves- 
sel were then removed and processed for light microscopy. 
The diameter of the artery and lumen, and wall thickness 
at its thickest and thinnest points were measured. The 
average diameter and area of the lumen and average wall 
thickness were then calculated for all 3 main arteries. All 
other microscopic observations, such as hemorrhage into a 
plaque, calcific deposits and virtual or complete occlu- 
sion, were also recorded. 
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The conduction system was studied in 14 swine that 
died suddenly as a result of a lethal arrhythmia proved by 
electrocardiogram and in 4 swine from a previous study 
that were X-irradiated twice and fed a control diet. The 
blocks for the sinus node and for the atrioventricular 
(A-V) conduction system were divided into 2 mm perpen- 
dicular slices for histologic processing.* Slides from each 
slice were stained with hematoxylin-eosin and martius 
yellow-brilliant crystal scarlet-soluble blue (MSB)* for 
general morphologic studies, and by the hematoxylin- 
basic fuchsin-picric acid (HBFP) method? and periodic 
acid-Schiff (PAS) pretreated with diastase to remove gly- 
cogen, for the earliest changes indicative of ischemia. The 
findings in the conduction system were evaluated inde- 
pendently of the rest of the cardiac findings initially in 
order to avoid bias in interpretation. In addition to 
changes in the specific fibers themselves, attention was 
paid to the character of changes in the perinodal tissues, 
the myocardium adjacent to specific fibers, the vessels 
and nerves supplying nodal tissues, and the intramural 
vessels visible in these sections. The locations of patholog- 
ic findings and their type were noted for each animal on a 
worksheet depicting diagrammatically the various levels 
of the conduction system. 

Ischemic myocardium shows positive fuchsin staining 
with the HBFP method (regarded herein as "early" 
change) approximately 30 minutes after ligation of a coro- 
nary artery, and the staining begins to fade after 6 hours.? 
Positive PAS, diastase-resistant material begins to stain 
after 1 to 2 hours, and the staining increases in intensity 
up to 24 hours and remains increased for up to 10 days.?° 
Positive PAS staining alone was regarded as an "interme- 
diate" change. The onset of nuclear changes, leukocyte 
migration, myocytolysis and the other changes usually 
recognizable by light microscopy begin to become appar- 
ent 12 to 24 hours after the start of staining, and these 
were designated “late” changes. 

Coronary arteriography: ‘Twenty-five swine were 
studied during life by coronary angiography. The proce- 
dure was that of routine clinical coronary cinearteriogra- 
phy, carried out in a fully anesthetized swine. Ketamine 
hydrochloride and halothane were used for anesthesia, and 
a Sones catheter was introduced by way of the carotid ar- 
tery and maneuvered into each coronary ostium in turn. 
Cineangiograms were taken in both oblique views. 


TABLE I 


Composition of Daily Diets Given Each Swine in the 
2 Experimental Groups 


ne 


Moderate Diet Severe Diet 
Ingredients (SC) (TSC) 
oot EAR pedro Ee ee Se eee 

Casein 160 95 
Sucrose 225 140 
Butter 200 87 
Peanut Oil 40 87 
Salt mix, Wesson 32 30 
Vitamin mix 28 15 
Cellulose 82 24.5 
Cholesterol 22 14 
Sodium cholate 11 7 
Propylthiouracil 0 0.5 
Total grams 800 500 
Total calories 3700 2506 
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TABLE Il 
Data on the 18 Swine That Died with Lethal Arrhythmias Recorded by Electrocardiogram 
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On Diet 
T 1 rM 
Wt (k 100 ml Heart Lun Li 
Swine X-ray 2nd X-ray (kg) (mg/ ) eart} ungt iver} 
(no.) (wk) (wk) Initial Final Initial Final Wt(g %BodyWt Wt(g) 95 Body Wt Wt (g) % Body Wt 
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Swine Fed a Moderate Diet (SC) 





-—— 








9 9 15+ 11* 1341.9 36415 92 15 496-- 116 1992-24 0.6-- 0.2 4444169 1.4+ 0.7 1096 + 193 3.34 1.0 
Swine Fed a Severe Diet (TSC) 
9 8 9--3.6 13-2 3145.5 86+ 22 825+ 307 1902-34 0.6+0.1 570-- 169 1.8-- 0.3 946 + 200 3.124 0.3 


ae ERE um. e P UA Fe d INEDITA 


* Averages + standard deviation. 


* The second course of X-irradiation was given 4 weeks after the first course. 
į In a group of 6 normal control swine, with average body weight of 23.6 kg, the average heart weight was 119 g (0.5 percent body 
weight), average lung weight 254 g (1.1 percent body weight), and average liver weight 443 g (1.9 percent body weight). 


WT - weight. 


Electrocardiograms: These were obtained periodically 
from all swine. Standard 6 limb leads were taken in su- 
pine position without anesthesia and occasionally precor- 
dial leads were also taken whenever possible. Several 
swine died suddenly while they were being prepared for 
anesthesia for angiography or while electrocardiograms 
were being made. In most of these animals terminal lead 
II electrocardiograms could be obtained, and in many in- 
stances series of tracings that preceded the terminal epi- 
sode were recorded. On the other hand, many swine died 
suddenly in cages undisturbed. Most of the time they 
were found dead, but occasionally it was possible to ob- 
tain terminal electrocardiograms a few moments before 
death. 

Serum cholesterol levels were determined by the meth- 
od of Leffler?! in all swine before the experimental diets 
were given. These levels were also determined periodically 
to assess the effect of diets and before the animals were 
killed. Serum thyroxine iodine (T4) levels were deter- 
mined in 12 swine by the method of Pileggi and Kessler. 12 


Part Il 


Seventeen male miniature swine of the Pitman-Moore 
strain were used in Part II of the study. All were 12 to 15 
weeks of age at the outset of the experiment. Five swine 
were fed the moderate atherogenic diet and 4 swine the 
severe atherogenic diet for 7 to 10 months. Eight swine 
were fed a commercial mash diet. All of the swine fed 
atherogenic diets were X-irradiated twice in the same 
fashion as those in Part I of the study. 

For experimental procedures swine were anesthetized 
by intravenous injection of sodium pentobarbital (30 to 35 
mg/kg body weight). Under artificial respiration, the 
chest was opened in the midline, and the heart was cra- 
dled in the opened pericardium. A pair of bipolar stimu- 
lating electrodes was attached to the anterior surface of 
the right ventricle, and a pair of recording electrodes to a 
site close to the stimulating electrodes. The electrodes 
were outside the areas of grossly visible fibrosis or infarc- 
tion in atherosclerotic swine. The local electrogram, a lead 
II electrocardiogram and the artifacts of stimuli delivered 
to the stimulating electrodes were recorded by an Elec- 
tronics for Medicine recorder at a paper speed of 100 
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mm/sec. The stimuli were displayed on an oscilloscope 
and calibrated in milliamperes by means of a Tektronix 
current probe amplifier. The methods for determination of 
ventricular fibrillation thresholds have previously been 
described in detail.13 The ventricle was paced by basic 
stimuli at a cycle length of 400 msec, and the fibrillation 
threshold was determined by applying a train of rapid rec- 
tangular pulses of variable intensity across the vulnerable 
period after the tenth basic beat. These pulses were 2 
msec in duration and occurred at a cycle length of 10 
msec (100 cycles/sec). 


Results 
Part | 


During the early phase of the experiment 13 swine 
died; 6 in the group fed the moderate diet and 7 in 
the group fed the severe diet. Thirty swine fed the 
moderate diet and 29 fed the severe diet survived for 
3 to 12 months before they died, either in cages or 
during experimental procedures, or were killed for 
experimental purposes. All of the control swine sur- 
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FIGURE 1. Lead |! electrocardiogram of a swine (TSC-12, see 
tables) fed the severe diet and X-irradiated twice shows sinus 
rhythm with deep Q wave on November 11. On November 15 
slow nodal rhythm developed, followed by ventricular tachycar- 
dia and ventricular fibrillation. 


vived and were killed 5 months after the start of the 
study. 

Clinical observations: The swine usually tolerat- 
ed the diet well and ate the entire amount of food 
offered. The initial body weight and weight gain for 
individual swine were not uniform. Approximately 4 
weeks after the last X-irradiation, swine receiving 
atherogenic diets began to die suddenly without ap- 
parent signs of preceding illness. Eleven swine were 
killed for experimental purposes unrelated to the 
present report. Forty-eight swine died suddenly: Six 
died either during or immediately after electrocardi- 
ograms were obtained (3 fed a moderate and 3 fed a 
severe diet); 6 died while being prepared for anesthe- 
sia for X-irradiation or angiography (2 fed a moder- 
ate and 4 fed a severe diet); 5 (all fed a severe diet) 
died immediately after anesthesia; 2 died during cor- 
onary angiography (1 fed a moderate and 1 a severe 
diet); 1 (fed a moderate diet) died while being taken 
out of the cage; 1 (fed a severe diet) died while being 
transported to another location; 20 were found dead 
in their cages (9 fed a moderate and 11 a severe 
diet); in the remaining 7, the mode of death was not 


TABLE Ill 
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clear. None of the 16 control swine receiving a nor- 
mal diet died suddenly. They were all killed 5 
months after the start of the study. 
Electrocardiographic observations: Electrocar- 
diograms were obtained terminally in 18 swine that 
died suddenly, 9 in the group receiving a moderate 
diet and 9 in the group receiving a severe diet (Table 
II). Ventricular fibrillation was found in 13 tracings 
from 7 swine fed a moderate diet and 6 swine fed a 
severe diet, and the fibrillation was usually preceded 
by complete A-V block, followed by slow idioventric- 
ular rhythm or occasional periods of ventricular 
tachycardia (Fig. 1, Table III). In a few swine ven- 
tricular fibrillation was preceded only by frequent 


premature ventricular contractions and not by A-V | 


block (Fig. 2). In 5 the terminal event was ventricu- 
lar asystole (2 fed a moderate diet and 3 fed a severe 
diet), which was usually preceded by complete A-V 
block, extremely slow idioventricular rhythm and 
disappearance of the QRS complex while P waves 
were continually being registered (Fig. 3). 

Autopsy observations: Autopsies were performed 
on 27 of the 30 swine that received a moderate diet 


Terminal Events and Electrocardiographic Findings in the 18 Swine with Demonstrated Lethal Arrhythmias 























Swine no. Terminal Events Electrocardiographic Findings 
Swine Fed a Moderate Diet 

SC While electrocardiogram was being taken Complete A-V block with idioventricular rhythm; 
VF 

o6? Sudden death Complete A-V block; ventricular asystole 

SC3 Appeared weak, sudden death Complete A-V block; slow idioventricular rhythm; 
ventricular asystole 

sc 4 Sudden death Terminal VF 

SC5 While electrocardiogram was being taken Terminal VF 

SC6 Sudden death 2 hours after angiography Terminal VF 

SC Strain before anesthesia for angiography Nodal rhythm; frequent PVCs; VF 

SC8 Strain before anesthesia for angiography Terminal VF 

SC 9 Strain before anesthesia for angiography Terminal VF 

Swine Fed a Severe Diet 
TSC 10 Straining while being anesthetized; Complete A-V block with nodal rhythm; 
5 cc surital ventricular asystole; AMI 

TSC 11 While electrocardiogram was being taken Frequent PVCs; frequent runs of ventricular 
tachycardia; complete A-V block with slow 
nodal rhythm; ventricular asystole 

TSC 12 Strain before anesthesia for angiography AMI; complete A-V block with slow idioventricular 
rhythm; VT; VF 

TSC 13 While electrocardiogram was being taken Intermittent incomplete A-V block; complete A-V 
block with ventricular asystole 

TSC 14 While being anesthetized, 10 cc surital AMI; nodal rhythm; A-V dissociation; incomplete 
A-V block ; occasional periods of asystole; VF 

TSC 15 During angiography Terminal VF 

TSC 16 While being anesthetized, 10 cc surital Terminal VF 

TSC 17 While being anesthetized, 7 cc surital Complete A-V block; slow idioventricular rhythm; 
VT; VF 

TSC 18 Sudden death Frequent PVCs; VF 


AMI = acute myocardial infarctio 


cardia. 





n; PVCs = premature ventricular contractions; VF = ventricular fibrillation; VT = ventricular tachy- 


& 
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FIGURE 2. Lead |! electrocardio- 
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and 2 doses of X-irradiation. Of these 27, 21 had 
myocardial infarcts that were healed or recent, or 
both. Twenty-nine swine fed the severe atherogenic 
diet received 2 doses of X-irradiation. Autopsies were 
performed on 24 of these swine, and 16 of these 24 
had myocardial infarcts. The size of infarcts varied 
greatly, ranging from 1.5 to 5.0 cm in greatest diam- 
eter, and some involved large portions of the left 
ventricle and interventricular septum (Fig. 4). The 
frequency and size of infarcts in the 2 dietary groups 
were similar. In most of the swine with infarcts the 
main coronary arteries showed an advanced degree of 
atherosclerosis, particularly in the left coronary arte- 
ries, and in the few in which the main coronaries 
were not occluded the secondary branches were se- 


































































































FIGURE 3. Lead I! electrocardiogram of a swine (TSC-13) fed 
the severe diet and X-irradiated twice. On the day of sudden 








æ death sinus rhythm was observed initially but later advanced 


A-V biock developed, followed by complete A-V block and ven- 
tricular asystole. 
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gram of a swine (TSC-18) fed the 
severe diet and X-irradiated twice 
shows increasing numbers of ven- 
tricular premature beats with fre- 
quent brief runs of ventricular 
tachycardia (June 25) and final 
ventricular fibrillation (June 30). 


verely narrowed or occluded. The remaining autopsy 
findings in the 2 dietary groups were similar except 
for the enlarged thyroid in the group receiving the 
severe diet (usually 3 to 4 times its normal size). 

No grossly visible lesions were found in the coro- 
nary arteries or myocardium of 12 X-irradiated swine 
receiving the mash diet or in 4 X-irradiated swine 
from a previous study fed a control diet. 

Among 18 swine with terminal electrocardiograms 
that proved the immediate cause of death to be a le- 
thal arrhythmia, ventricular fibrillation or véntricu- 
lar asystole, 11 had virtual or coniplete occlusion of 
coronary arteries and 7 had thrombi in either the 
main coronary arteries or secondary branches. Myo- 
cardial infarcts, recent or old, or both, were present 
in 14 swine (Table IV). 

The aorta in swine fed the atherogenic diet for 
more than 18 weeks displayed small yellow-gray 
plaques, several millimeters to 2 centimeters in 
greatest extent with their long axes parallel to the 
direction of blood flow. The plaques were more 
prominent in the abdominal aorta than elsewhere 
and often tended to be located around the orifices of 
vessels leaving the aorta. 

The lungs often showed a moderate degree of 
edema, but in only a few swine was the edema mas- 
sive enough to suggest that it was a contributory 
cause of death. Small amounts of fluid were occa- 
sionally found in the pleural and peritoneal cavities. 
The liver frequently showed moderate and occasion- 
ally severe degrees of congestion (Table II). 





FIGURE 4. Large recent healing apical left ventricular infarct in 
a swine (TSC-25) fed the severe diet for 6 months and X-irra- 
diated twice. 


Light microscopic studies showed that most swine 
in both atherogenic diet groups had extensive coro- 
nary atherosclerosis with features that have pre- 
viously been described in detail! In brief, the 
plaques consist largely of smooth muscle cells, many 
containing large amounts of lipid. Hemorrhage into 
plaques was a prominent and frequent feature of 
these advanced lesions (Fig. 5). The hemorrhage ap- 
peared usually to be fresh in the intima or media, or 
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FIGURE 5. Occlusive lesion of large coronary artery, probably 
an organized thrombus in a swine (TSC-18) fed the severe diet 
and X-irradiated twice. The granular dark material represents 
recent hemorrhage. (Hematoxylin-eosin X36, reduced by 26 
percent.) 


both. The degree of necrosis and calcification also 
varied from case to case (Table IV). The histologic 
appearance of the myocardial infarcts was similar to 
.that found in infarcts of the human heart (Fig. 6). 
Even though no gross changes were detected, mi- 
croscopic studies of the arteries and myocardium 
from the 12 X-irradiated swine receiving the mash 
diet revealed a wide range of focal changes that can 
be considered to be related to X-irradiation. Some of 


Average Maximal Wall Thickness, Minimal Cross-Sectional Areas of Lumen and Other Data 
in Coronary Arteries of 4 Control Swine* and 18 Swine with Demonstrated Lethal Arrhythmias; 



























































Swine 
Coronary Artery with 
Left Anterior Descending Left Circumflex Right Swine — Swine Myo- 
E > - = with Swine with cardial 
Max Wall Min Max Wall Min Max Wall Min Hemor- with Cal- In- 
Swine Thickness Lumen Thickness Lumen Thickness Lumen rhage Thrombi cium farcts 
(no.) (mm) (mm?) (mm) (mm?) (mm) (mm?) (no) (no) (no) (no) 
Control Swine (PS) 
4 0.484 0.17 0.97 + 0.80 0.27 = 0.08 0.80 + 0.30 0.55 + 0.17 0.92 + 0.32 0 0 0 0 
Swine Fed a Moderate Diet (SC) 
9 0.814 0.34 0.05 + 0.05 0.57 + 0.19 0.07 + 0.04 0.61 + 0.48 0.56 + 0.50 4 2 6 z 
Swine Fed a Severe Diet (TSC) 
9 0.99+ 0.53 0.14 + 0.14 0.57 + 0.30 0.14 4 0.10 0.84 + 0.44 0.46 + 0.39 5 5 4 7 
* From a previous study. 
+ Averages + standard deviation. 
Max = maximal; min = minimal. 
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FIGURE 6. Recent infarct of left ventricular myocardium with 
surrounding inflammatory reaction and early organization in 
swine (TSC-8) fed the severe diet and X-irradiated twice. 
(Hematoxylin-eosin X 120, reduced by 26 percent.) 
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FIGURE 7. Cellular intimal thickening, probably by smooth mus- 
cle cells, in a small coronary arterial branch of a swine given 
mash diet and X-irradiated twice, killed 2 months after the last 
X-irradiation. Some of the nuclei of medial smooth muscle cells 
stain poorly, suggesting degenerative change induced by X-rays. 
(Hematoxylin-eosin X80, reduced by 25 percent.) 


FIGURE 8. A, approaches to the atrioven- 
tricular node in a swine (TSC-13) fed the 
severe diet and X-irradiated twice. The lower 
part of the atrial septum (A.S.) is diffusely 
mottled with ischemic lesions in all stages of 
development. B, the boxed area in A en- 
larged to show one of several large nerves 
(N) traversing the necrotic areas. C, the 
proximal His bundle in the upper part of the 
ventricular septum shows a focal area of 
early necrosis enclosed by the broad arrows. 
N and arrows indicate large nerve trunks, a 
continuation of those in A and B, which ac- 
company the conduction fibers in the swine 
heart. T — tricuspid valve; V.S. — ventricular 
Septum. (Periodic acid-Schiff X12 [A] and 
X90 [B] and martius yellow-brilliant scarlet- 
soluble blue [MSB] X45 [C], all reduced by 
25 percent.) 





FIGURE 9. A, distal A-V conduction system 
—the bundle branches in a swine (TSC-10) 
fed the severe diet and X-irradiated twice. 
Arrows indicate the right bundle branch. The 
darker staining indicates the distribution of 
positive — hematoxylin-basic fuchsin-picric 
acid (HBFP) staining. B, enlargement of the 
boxed area in A shows that the positive 
staining indicating early ischemic changes 
involves equally the working myocardium 
and the fibers of the left bundle branch (be- 
tween arrows). V.S. = ventricular septum. 
(HBFP X6[A] and X150[B], reduced by 23 
percent.) 


FIGURE 10. A, the penetrating artery in the 
posterior A-V groove is virtually occluded by 
proliferating intimal tissue.in a swine (SC-4) 
fed the moderate diet and X-irradiated twice. 
B, the same vessel at a more distal level 
shows fibrinous material (F) incorporated in 
the intima and media. The intima is essen- 
tially thickened. There are degenerative 
changes in the media between the arrows. 
C, an area of myocardium supplied by the 
vessel in A and B showing groups of Purk- 
inje fibers (arrows) entrapped in a healing 
necrotic focus. D, one of many small 
intramural vessels showing marked intimal 
proliferation and luminal narrowing. (MSB 
X3[A]; hematoxylin-eosin X150[B and D]; 
periodic acid-Schiff X150[C], all reduced by 
25 percent.) 
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the changes observed were regarded as relatively 
acute radiation effects; these include vascular en- 
gorgement, extravasation of erythrocytes, edema and 
necrosis of vascular wall, interstitial myocardial 
edema and vascular degeneration of myocardial fi- 
bers. Changes that were usually considered to be late 





ef IGURE 11. A, left coronary angiogram of a normal control swine. For c 
descending coronary artery of a swine (TSC-11) fed the severe diet and 
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radiation effects were also observed, including focal 
myocardial fibrosis and fibrous intimal lesions of 
small arteries (Fig. 7). 

Review of the microscopic slides of hearts from 4 
control swine in a previous experiment,! in which 
these animals received the same 2 doses of X-irradia- 


omparison with B. B, marked narrowing (arrows) of lett anterior 
X-irradiated twice. C, righ coronary artery angiogram of a normal 
control swine. For comparison with D. D, arrows indicate points of luminal narrowing by intimal lesions induced by the moderate diet and 
X-irradiation. LC — left circumflex and LD — left anterior descending coronary arteries. 





tion, showed lesions in the myocardium and small 
vessels similar to those described for the group re- 
ceiving the mash diet. 

Observations on conduction system: With the 
histochemical methods, "early" or “intermediate” 
lesions (see Materials and Methods for definitions) 
involving or surrounding specific fibers were defina- 
ble to greater or lesser extent in all 14 swine in which 
the conduction systems were examined after they 
had died suddenly. The lesions followed 2 general 
patterns with some overlap. In the first pattern they 
were present at successive levels (Fig. 8), were all at 
about the same stage of development, and were dis- 
tributed in a manner consistent with the narrowing 
of the lumen of an extramural coronary artery. In the 
second pattern the lesions were more widely distrib- 
uted, consisted of small foci at all stages of develop- 
ment—“early,”’ "intermediate," and *late" in the 
same section—and in this group there was prominent 
and widespread narrowing of small intramural ves- 
sels (Fig. 9 and 10). The majority of the cases 
showed a mixture of the types of involvement. 

In the control animals given X-irradiation but no 
atherogenic diet, slight, diffuse staining with the 
HBFP method was present in all sections and inde- 
pendent of vascular distribution; this was interpret- 
ed as a terminal change rather than antemortem 
ischemia. The conduction fibers were normal and the 
intra- and extramural vessels were free of occlusive 
lesions. 

Throughout all levels of the conduction system in 
the swine heart there was noticeably more stainable 
glycogen than in the human heart. 

Coronary angiograms: Coronary cineangiograms 
were obtained from 25 swine and in some animals 
the studies were repeated 2 or 3 times at 1 to 3 
month intervals. Various degrees of luminal narrow- 
ing of coronary arteries were demonstrated. In some 
cases the narrowing was extensive and rather diffuse; 
in other cases the narrowing was focal (Fig. 11). 

Chemical determinations: The initial and final 
serum cholesterol levels for individual swine are 
shown in Table II. The mean T4 level for the swine 
in the group fed the moderate diet was 2.7 ug/100 ml 
and that in the group fed the severe diet was 0.28 
ug/100 ml, indicating that the latter were in a hypo- 
thyroid state. The mean values for untreated swine 
found previously was 2.6 ug/100 ml. 





FIGURE 12. Determination of fibrillation thresholds by delivering 
a series of rapid stimuli (S) to the ventricle across the vulnera- 
ble period. The lead || electrocardiogram and a local ventricular 
electrogram (V) of a site close to the stimulating electrodes 
were recorded at a paper speed of 100 mm /sec. 
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TABLE V 


Ventricular Fibrillation Thresholds in the 17 Swine Used for 
Part Il of the Study 


ee 





Swine Fed a Swine Fed a 
Control Swine Moderate Diet Severe Diet 
Swine no. ma Swine no. ma Swineno. ma 
oes ees “Dot De Ss ere 
C-1 8 M-1 3 S-1 7 
C-2 8 M-2 2 S2 3 
C-3 10 M-3 4 S&3 4 
C-4 8 M-4 4 S-4 5 
C-5 10 M-5 3 
C-6 6 
C-7 14 
C-8 7 
Means 8.9* ire 4.7* 


aS A ee 

* Difference between the control swine and the swine feda 
moderate diet or those fed a severe diet is statistically signifi- 
cant(P <0.01). 


Part II: Ventricular Fibrillation Threshold 


Figure 12 shows that the rapid stimuli were ap- 
plied to the ventricle during an interval between the 
onset of basic response and the peak of the T wave in 
the lead II electrocardiogram, within which the vul- 
nerable period would be included. The intensity of 
the stimulus was gradually increased until the least 
amount of current required for fibrillation was ob- 
tained. Fibrillation thresholds were determined in 
the 8 control swine and 9 swine fed an atherogenic 
diet and X-irradiated. These 17 swine were used ex- 
clusively for this comparison. In the group fed an 
atherogenic diet 8 showed large infarcts in the ante- 
rior or lateral wall, and 1 showed extensive pericardi- 
al fibrosis. Table V shows that the mean fibrillation 
threshold was 8.9 ma in the control group and was 
significantly lower (3.2 and 4.7 ma, respectively) in 
the group fed the moderate and severe atherogenic 
diet (P <0.01). 


TABLE VI 


Effect of Lidocaine on Ventricular Fibrillation Thresholds 

in Swine Fed Atherogenic Diets in Part II of the Study 

ig) Saas tas Sete LSS NS ON SS Se 
Base-line Threshold 


Before Lidocaine Threshold During 


Swine no.* Infusion (ma) Lidocaine Infusion (ma) 
ea Sarai rt a ee 
M-2 2 29 
M-3 4 14 
M-4 4 20 
S-1 7 16 
S-2 3 10 

Means 4.07 17.87 
BLAS MAIS os. agr p le eee 
* These numbers correspond to those in Table V. ^s 


t The difference between ventricular fibrillation thresholds 
before and during lidocaine infusion is statistically significant 
(P <0.01). 
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The effect of lidocaine on the fibrillation threshold 
was studied in 5 swine fed the atherogenic diet 
(Table VI). Lidocaine was given intravenously in a 
bolus injection of 2 mg/kg followed by an infusion of 
70 ug/kg per min, and the test was made at about 25 
minutes after the start of infusion. In these 5 swine, 
the main threshold was raised from 4.0 ma to 17.8 
ma during the infusion of lidocaine (P <0.01). Sam- 
ples of the arterial blood were drawn at various in- 
tervals during infusion of lidocaine for determination 
of blood levels. The blood lidocaine levels ranged 
from 2 to 4 ug/ml when the increased fibrillation 
threshold was observed. 


Discussion 


Sudden death in the current group of swine was 
similar to that frequently seen in man, in that ob- 
servers usually were not able to recognize signs of 
impending disaster by visual inspection before the 
terminal collapse and the occurrence of death within 
minutes. It is usually speculated that sudden death 
in men with coronary heart disease is due to cata- 
strophic arrhythmias that occur too rapidly for pre- 
vention or treatment. Cobb et al.14 reported recently 
that ventricular fibrillation was the main arrhythmia 
among patients receiving pre-hospital emergency 
cardiac care in a mobile intensive coronary care unit. 
However, patients who arrive at the hospital after an 
acute myocardial infarction have survived critical 
moments of high risk of dying from lethal arrhyth- 
mias. It is possible that their cardiac arrhythmias 
are different in some ways from those of patients who 
die before they reach the hospital. 

Mechanism of sudden death: In a previous exper- 
iment! we learned that the swine were likely to die 

` suddenly 1 to 2 months after the last dose of X-irra- 
diation, presumably from cardiac conduction distur- 
bances. In the current experiment electrocardio- 
graphic equipment was placed in close proximity and 
terminal electrocardiograms were obtained in some 
of the swine within a few minutes after the first rec- 
ognizable signs of illness. The terminal electrocardio- 
grams of 18 swine that died suddenly showed ven- 
tricular fibrillation in 13 cases and ventricular asys- 
tole in 5 cases. Many of the sudden deaths in the 
current study occurred during minor experimental 
procedures, and we were able to record the onset of 
arrhythmia as well as the other electrical events oc- 
curring during the entire terminal period. In some 
swine, by the time electrocardiograms were taken, it 
was too late to record the onset of arrhythmia and 
only the terminal phase of ventricular fibrillation 
was recorded. Swine in which terminal electrocardio- 
grams were not obtained did not appear different 
from those 18 swine with terminal electrocardio- 
grams in either apparent mode of death or in ana- 
tomic findings; presumably the pathophysiologic 
causes of death were similar in both groups. 

Ventricular fibrillation threshold: The results of 
Part II of the study clearly demonstrated that ven- 
tricular fibrillation threshold is markedly lowered in 
swine with atherosclerosis and myocardial infarction. 


The prevalence of ventricular fibrillation in athero- 
sclerotic swine is not surprising in view of the ob- 
served increase in ventricular vulnerability to fibril- 
lation. The diseased ventricles should be more vul- 
nerable to fibrillation since reentrant activity and 
fractionation of wave fronts of excitation are more 
likely to occur in the presence of localized areas of 
depressed excitability and conductivity due to myo- 
cardial damage.!? Administration of lidocaine signif- 
icantly decreases the incidence of ventricular ectopic 
beats and fibrillation in patients with acute myocar- 
dial infarction. In our experiments, lidocaine signifi- 
cantly raised the fibrillation threshold and made it 
more difficult to initiate fibrillation in the swine ven- 
tricle with myocardial infarction. 

Diet vs. propylthiouracil in atherosclerosis: In 
previous studies we used the severe atherogenic diet 
(Table I), which contains propylthiouracil. The role 
played by propylthiouracil is not clear although its 
use produces much higher serum levels of cholesterol 
than the use of dietary cholesterol alone. In the cur- 
rent study we used 2 types of atherogenic diets, the 
severe and moderate, to determine whether a high 
incidence of sudden death could be produced in ath- 
erosclerotic swine without use of the hypothyroid 
drug. Atherosclerosis of similar magnitude with myo- 
cardial infarction and sudden death was produced in 
swine fed the moderate diet without the hypothyroid 
drug, although the serum cholesterol levels in the 2 
groups were significantly different. Thus, propyl- 
thiouracil does not appear to be an essential feature 
of the regimen. We have found a remarkable similar- 
ity in the effectiveness of the moderate and severe 
diets in producing ischemic heart disease with its 
complications. The euthyroid state apparently does 
not protect the swine from the effects of the athero- 
genic regimen. 

Conduction system disease and sudden death: 
By the use of the histochemical methods described 
we have been able to define the same types of change 
within conduction fibers as those observed in con- 
tractile muscle fibers at à stage when they were not 
clearly evident by usual staining methods. The dis- 
tribution and stage of development of the lesions 
correlated reasonably well with the evolving patterns 
of arrhythmia in the period of monitoring before the 
animals’ death. If a higher glycogen content really 
does confer relative immunity to the effects of anox- 
ia, as postulated by some workers,19-17 then the con- 
duction system of the miniature swine should be 
more protected than most, because it has a demon- 
strably higher glycogen content than that of most 
animal species. However, there was no diffieulty in 
demonstrating damage to the conduction system by 
these methods. 

In a similarly conducted small pilot study of the 
conduction system in cases of sudden death from the 
coroner's autopsy service of Albany County, N. Y. 
(unpublished data) we were able to demonstrate 
similar pathologic changes. The only difference was 
that in the human cases the pattern was exclusively 
that indicative of large vessel disease, as might be 
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expected since occlusive small vessel disease (if one 
excludes the nodal vessels and those to be found in 
areas of healed infarction) is a rarity in human coro- 
nary arteriosclerosis.18 Usually, also, the involve- 
ment of conduction fibers occurred as a direct exten- 
sion of the ischemic process from areas of previous 
infarction. 

Relative importance of ischemia from occlusive 
coronary disease and of X-irradiation: Which of 
the observed effects on the myocardium and conduc- 
tion system were due to ischemia resulting from the 
occlusive coronary atherosclerosis and which were a 
result of a direct effect of the X-irradiation on the 
myocardium? Sixteen swine receiving a normal diet 
were X-irradiated in the same manner and observed 
in the current and previous studies for periods of 
time similar to that in the study of the swine that 
died from lethal arrhythmias. With the doses of X- 
irradiation used none of the 16 had fatal arrhythmias 
or any other signs of illness during life. They were 
killed in the period shortly after X-irradiated hyper- 
cholesterolemic swine would have died, and no frank 
myocardial infarcts or other gross abnormalities were 
observed. Functional studies were performed on 
myocardial mitochondria from 8 of the 16 swine, and 
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these mitochondria appeared to be completely nor- 
mal and no different from those in nonirradiated 
control swine (unpublished data). However, micro- 
scopic studies did show degenerative changes in 
some muscle fibers and slight proliferative changes 
in some small and large vessels. 

Applications of present study model: Even if we 
eventually find that the total significant metabolic 
effect on the myocardium is the sum of direct irra- 
diation effects and ischemic effects resulting from 
the atherosclerosis, the model appears to be useful. 
For example, it may be suitable for investigating and 
evaluating a drug thought to be helpful in preventing 
arrhythmias. In our study, lidocaine was shown to 
decrease ventricular vulnerability to fibrillation in 
swine. Since nearly all these swine die in a short pe- 
riod of time if untreated, a drug that would prevent 
death in such circumstances could be of considerable 
value in man. Also hearts from these swine can be 
used for investigation of disturbances in cellular me- 
tabolism that might predispose to fatal arrhythmias. 
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Echocardiograms were obtained from 16 patients with d-transposi- 
tion of the great vessels proved at catheterization. These echocardio- 
grams were compared with those obtained from 74 children who 
had congenital heart disease proved at catheterization but no trans- 
position of the great vessels and those from 60 normal children. All 
16 patients with transposition of the great vessels showed superim- 
position of the great vessels without intervening crista, and in 14 of 
16 patients simultaneous recording of echoes from the semilunar 
valves was observed. This finding was not observed in the 74 chil- 
dren with other forms of congenital heart disease or in the 60 normal 
children. Superimposition of the great vessels with simultaneous re- 
cording of semilunar valve echoes appears to be specific for d- 
transposition of the great vessels. 


Transposition of the great vessels is the most common cyanotic heart 
disease observed in newborn infants.! Various studies show it com- 
prises between 3.9 and 5.4 percent of all congenital cardiac lesions,?-4 
ranking behind ventricular septal defect, atrial septal defect, patent 
ductus arteriosus, coarctation, tetralogy of Fallot, pulmonic stenosis 
and aortic stenosis. This serious malformation is characterized by 
the aorta originating anteriorly from the right ventricle and the pul- 
monary artery originating posteriorly from the left ventricle. Death 
rapidly occurs when there are no other associated cardiac defects. 
The average life expectancy at birth has been reported to be 0.65 
years, increasing to 3.92 years at age 1 year.5 Associated lesions have 
a marked effect on the overall prognosis, which has been greatly im- 
proved by the recent introduction of the Rashkind atrial balloon 
septectomy.® Often the complexity of congenital heart disease can 
only be disclosed by cardiac catheterization and cineangiography, 
but these procedures are not without risk, especially in the very 
young cyanotic infant. 

The use of echocardiography in heart disease in adults is well es- 
tablished,® and the scope of this noninvasive technique is constantly 
being enlarged to include the study of many congenital defects.9 In 
our recent recordings in children, we noted certain specific echocar- 
diographic findings in patients with transposition of the great vessels 
which we describe in this report.. 


Methods and Materials 


Three groups of patients were studied. The first group was composed of 
16 patients who had undergone selective right and left heart catheterization 
and cineangiography and were found to have d-transposition of the great 
vessels. The second group was composed of 74 children who had undergone 
cardiac catheterization and were found to have congenital heart lesions 
other than transposition of the great vessels. The third group was composed 
of 60 normal children who did not undergo cardiac catheterization. 
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The 16 patients with transposition ranged in age from 5 
days to 16 years (mean 4.4 years). Six patients were under 
age 1 year, and 3 patients were less than 1 week old. Seda- 
tion was not employed during the echocardiographic evalua- 
tion of any patient. All 3 groups were examined by standard 
echocardiographic techniques. An Ekoline 20 Mark IA 
echograph was employed with the use of an Electronics for 
Medicine recorder on a Honeywell model 1856 line scan re- 
corder. In the younger children, a 3.5 megaHertz nonfocused 
transducer with an outer diameter of 0.25 inch was used and 
in the older patients, a 2.25 megaHertz transducer with an 
outer diameter of 0.5 inch focused at 7.5 cm. A water-soluble 
gel was utilized to insure airless contact between the pa- 
tient’s skin and the transducer. All patients were examined 
in the recumbent position with the transducer placed along 
the third or fourth left intercostal space near the left ster- 
nal border so as to record echoes from the mitral valve. 
Once the mitral valve echoes were recorded, the transduc- 
er was directed superiorly toward the right shoulder, and 
the ultrasonic beam entered the root of the aorta and left 
atrium as previously described.5-1? The exact angle of the 
transducer was adjusted to record echoes from a semilu- 
nar valve, usually the aortic valve, within the root of the 
aorta. To record the pulmonic valve echo, usually one had 
to direct the ultrasonic beam superiorly and to the left of 
the aortic valve.9-11 The recording sequence was from the 
mitral to aortic to pulmonic valve, or the reverse, depend- 
ing on how easy it was to locate the valves. 


Results 


Normal aortic and pulmonic valve relation: Fig- 
ure 1 is an echocardiogram showing the relation be- 
tween the pulmonary artery and the aorta and their 
respective valves in the normal situation. In this 
echocardiogram the ultrasonic beam was initially di- 
rected at the pulmonary artery at the level of the 
pulmonic valve. A thick dark band of echoes is seen 
below and posterior to the pulmonary artery and is 
thought to originate from the crista. The transducer 
was then tilted to the patient’s right and inferiorly in 
order to record from the root of the aorta and the left 


FIGURE 2. Echocardiogram from a patient with d- 
transposition of the great vessels; the ultrasonic 
beam is scanned from the great vessels to the left 
ventricle. The anterior artery (aorta [AO]) and the 
posterior artery (pulmonary artery [PA]) run paral- 
lel to each other without an intervening crista. In 
addition, echoes from both semilunar valves (V) 
are recorded simultaneously. The echoes from the 
interventricular septum (IVS) become the dividing 
plane between the great vessels. The mitral valve 
echoes (MV) are continuous with those of the pos- 
terior wall of the posterior artery. There is a thin 
echo within the left atrium (LA), the significance of 
which is not determined. 
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FIGURE 1. Echocardiogram from a patient with normally posi- 
tioned great vessels. The ultrasonic beam initially is directed at 
the pulmonary artery at the level of the pulmonic valve (PV). 
The transducer is then tilted to the aorta with its aortic valve 
(AV). The left atrium (LA) lies behind the aorta. By reading the 
echogram from right to left, one can see that the pulmonary ar- 
tery dips posteriorly, and at the level of the pulmonic valve the 
posterior wall of the pulmonary artery is at the mid-portion of 
the aorta. Behind the pulmonic valve is a thick band of echoes 
thought to originate from the crista (CR). At no time are echoes 
from both semilunar valves recorded simultaneously. 


atrium. The aortic valve is seen within the aorta. At 
this level the space anterior to the aorta represents 
the right ventricular outflow tract, and there is no 
evidence of the pulmonic valve. By reading the echo- 
cardiogram from right to left or from aortic valve to 
pulmonic valve, one sees that the anterior wall of the 
aorta; which is also the posterior wall of the right 
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FIGURE 3. Echocardiogram of a patient with d-transposition of the great vessels and an interventricular septal defect. (See text for 


discussion.) 


ventricular outflow tract, dips posteriorly as the pul- 
monic valve echo appears. In addition, the lower 
portion of the pulmonic valve echo and the crista lie 
in a plane that would run through the center of the 
aorta and aortic valve echoes. At no time in this 
echocardiogram are echoes from both semilunar 
valves recorded simultaneously. This echocardio- 
gram was representative of all the normal children 
and those children with congenital heart disease and 
a normally related aorta and pulmonary artery. 
Echocardiogram in d-transposition: Figure 2 is a 
representative echocardiogram of a patient with d- 
transposition of the great vessels. Obtained from a 5 
day old infant, the recording was taken with the ul- 
trasonic beam initially in the area of the base of the 
heart through both of the great vessels. The ultra- 
sonic beam was then directed toward the ventricles 
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and eventually recorded the mitral valve echoes. By 
reading this echogram from right to left, one follows 
the cardiac structures from the ventricles into the 
great arteries. The interventricular septal echoes are 
continuous with those from the anterior wall of an 
artery that ordinarily would be the aorta. Within 
this artery one can see a box-like configuration of a 
semilunar valve that ordinarily would be the aortic 
valve. Anterior to the interventricular septum is a 
space representative of the right ventricle. As one 
traces the echogram from the area of the ventricles 
to the arteries, one records echoes from the semilu- 
nar valve in the anterior artery, which would ordi- 
narily be a pulmonary artery. Thus, both semilunar 
valves are seen simultaneously and both great vessels 
run parallel to each other instead of the anterior ar- 
tery dipping posteriorly at the level of the upper 


FIGURE 4. Same patient. Echocar- 
diogram of the great vessels taken 
during cardiac catheterization. 
Echoes from the aortic catheter 
(CATH) prove that the anterior ar- 
tery is the aorta and not the pul- 
monary artery. 





WAYN 


T922 


ow 020 


689 j 











ECHOCARDIOGRAM IN d-TRANSPOSITION OF GREAT VESSELS—DILLON ET AL. 


semilunar valve. In this echogram the upper artery 
was labeled aorta and the lower artery, pulmonary 
artery. Another finding that was fairly consistent in 
our patients with transposition was a linear echo in- 
side the left atrium. The identity of this echo is un- 
certain, but it probably originates from a pulmonary 
vein or the coronary vein. The significance of this 
finding was uncertain. 

To prove that the anterior artery was truly the 
aorta, we attempted to record echoes from the aortic 
catheter at the time of cardiac catheterization. Fig- 
ure 3 is an echocardiogram from another patient 
with transposition of the great vessels. This echocar- 
diogram was recorded by scanning from the ventri- 
cles into the base of the heart. This patient had a 
ventricular septal defect and, as one scanned to the 
base of the heart, the echoes from the interventricu- 
lar septum disappeared.? At the base of the heart, 
one again observes 2 great vessels in which remnants 
of both semilunar valves can be seen. Figure 4 is an 
echocardiogram from the same patient at the time of 
cardiac catheterization. Again the pulmonary artery 
can be seen; within this artery is the echo from a 
stenotic pulmonic valve. The very strong, irregularly 
moving echo in the space above the pulmonary ar- 
tery originates from the catheter placed in the aorta. 
This demonstration proves that the upper artery was 
truly an aorta and not a pulmonary artery. 

In all 16 patients with transposition of the great 
vessels, superimposition of the great vessels was 
noted without intervening crista. The 2 great arteries 
ran parallel to each other, and the anterior artery 
did not dip posteriorly. In 14 of 16 patients, echoes 
from both semilunar valves could be recorded simul- 
taneously. The relation of the interventricular sep- 
tum and the dividing plane between the 2 arteries 
depended on the size of the left ventricle. With a 
normal left ventricle the interventricular septal 
echoes were at the same level as those from the ante- 
rior wall of the posterior artery. If the left ventricle 
was dilated, then the interventricular septal echoes 
were at a more anterior level. 

Figure 5 demonstrates the relation of the great ar- 
teries and the semilunar valves to the ultrasonic 
beam in both the normal situation and in transposi- 
tion of the great vessels. Figure 5A shows that nor- 
mally the 2 arteries cross; the pulmonary artery be- 
gins anteriorly but then dips posteriorly and bifur- 
cates behind the aorta. In addition, the pulmonic 
valve is anterior, superior and to the left of the aor- 
tic valve. In this situation it is not possible to record 
echoes from both semilunar valves simultaneously. 
One would need to change the direction of the ultra- 
sonic beam to record both the aortic valve (trans- 
ducer position 1) and the pulmonic valve (transducer 
position 2). Figure 5B is a drawing of the relation of 
the great vessels and their respective valves in pa- 
tients with transposition of the great vessels. The ar- 
teries are uncoiled and run parallel to each other 
rather than crossing. In addition, the position of the 
semilunar valves is altered so that it is now possible 
to record from both valves with the same ultrasonic 
beam. 





DIAPHRAGM 

FIGURE 5. Drawings showing the relation of the great vessels 
and the ultrasonic beam in the normal situation (A) and in 
transposition of the great vessels (B). This illustration demon- 
strates that one must change the position of the transducer in 
order to record from both semilunar valves in normal subjects, 
whereas in patients with d-transposition of the great vessels 
echoes from both valves can be recorded with the same trans- 
ducer position. The drawings also show that at the level of the 
pulmonic valve the pulmonary artery dips posteriorly as it bifur- 
cates behind the aorta in the normal situation (A). With transpo- 
sition (B), the vessels run parallel to each other. 


Discussion 


Recordings of high quality are required to make 
the diagnosis of d-transposition from the echocardio- 
gram. At times a repeat examination was necessary 
to obtain a record of high quality. In our study no 
child underwent sedation; we might have avoided 
some technical problems if mild sedation had been 
used. Experience has shown that children from 1 to 
1 1/2 years of age are more difficult to examine than 
infants; after age 2 or 2 1/2, children seem to be more 
cooperative. 

The results of our study indicate that the echocar- 
diographic finding of superimposition of the great 
vessels without intervening crista together with si- 
multaneous recording of the semilunar valves is di- 
agnostic for transposition of the great vessels. The sua, 
perimposition without intervening crista seems to be 
due to the uncoiling and straightening of the great 
vessels that occur in transposition (Fig. 5). The si- 
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multaneous recording of echoes from both semilunar 
valves probably occurs because the pulmonic valve is 
inferior to its normal position and thus falls within 
the same ultrasonic beam as the aortic leaflets (Fig. 
5). The origin of the posterior great artery, normally 
the aorta, on a plane equal to or posterior to the 
interventricular septum is an important finding in 
the differential diagnosis of cyanotic congenital de- 
fects such as tetralogy of Fallot, truncus arteriosus or 
double outlet right ventricle since, in these lesions, 
the origin of the artery is anterior to the interventri. 
cular septal plane.? 

The size of the 2 great vessels, especially the pul- 
monary artery, may vary at times; unfortunately we 
could not correlate the size with the pressure or flow 
within that vessel. Frequently the pulmonary arterial 
pressures were not obtainable. We believe that a 
small pulmonary artery probably represents obstruc- 
tion to flow at the level of the pulmonic valve or in 
the subpulmonic region, but we could not prove this. 

Diagnostic value of echocardiography: The usu- 
ally described contours of the aortic and pulmonic 
valves®-9-11 are frequently altered in transposition of 


the great vessels. Normally the echocardiographic 
appearance of the 2 valves is distinctively different, 
but with transposition this distinctive appearance 
disappears. Thus, the classic echocardiographic con- 
figuration of a normal aortic or pulmonie valve can- 
not be relied on as an aid in determining whether the 
superficial or deep vessel is an aorta or pulmonary 
artery. We recently examined 2 adult patients who 
exhibited some degree of paralleling of the great ves- 
sels. The origin of their heart disease was not well 
documented, but they apparently did not have 
transposition. Echoes from the semilunar valves 
could not be recorded simultaneously. Although 
there were no exceptions among the children in our 
study, the finding of superimposition or paralleling 
of the great vessels may not in itself be diagnostic of 
transposition of the great vessels. However, if simul- 
taneous semilunar valve echoes are recorded, along 
with the finding of superimposition, then diagnosis is 
probably more definitive. No patient with l-transpo- ` 
sition or situs inversus was included in our study. 
We caution that our criteria for these conditions 
might be altered or in error. 
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Dopamine was evaluated in 24 patients with cardiogenic shock of 
various causes (systolic blood pressure less than 90 mm Hg or 60 
mm Hg below the patient's usual level as recorded by intraarterial 
needle, average urinary flow less than 20 ml/hour without diuretic 
therapy). Dopamine was not given until hypovolemia was corrected, 
as judged by left ventricular filling pressure (18 patients) or central 
venous pressure. Twelve patients survived the shock episode, 5 of 
whom are alive 7 to 24 months later. The 12 survivors of shock in- 
cluded all 6 patients (100 percent) with shock after open heart sur- 
gery; 3 of 10 (30 percent) with acute myocardial infarction; 1 of 4 
(25 percent) with severe heart failure; and 2 of 4 (50 percent) with 
shock after noncardiac surgery. Seven patients, including 6 of the 12 
survivors, received no pressor agent other than dopamine. In 12 
nonsurvivors hourly urinary flow increased from 10 + 2.3 (standard 
error of the mean) to a maximum of 101 + 55 ml /hour (not signiti- 
cant), but 8 of these patients had virtually no change in urinary flow 
during dopamine therapy. In the 12 survivors, there was a larger in- 
crement in urinary flow [from 25.7 + 11 to 250 + 59 ml /hour (P 
«0.001)]. In survivors, left ventricular filling pressure decreased 
during dopamine infusion from 27 + 2.4 to 18 + 2.3 mm Hg (P 
« 0.05); in nonsurvivors it was unchanged (27 mm Hg). Survivors had 
a small but significant decrease in heart rate and a significant in- 
crease in mean arterial pressure compared with values in non- 
survivors. In survivors, maintenance doses of dopamine averaged 9.1 
ug/kg per min. In 3 of 4 patients receiving intraaortic balloon counter- 
pulsation, 2 of whom survived, dopamine augmented urinary flow 
from an average of 20 to 208 mi/hour. We conclude that dopamine 
is useful, either alone or in conjunction with other pressor agents, for 
the treatment of cardiogenic shock, particularly in patients with di- 
minished urinary flow and hypotension after cardiopulmonary bypass. 


There has been considerable clinical interest in the use of the natu- 
rally occurring catecholamine dopamine (3,4 dihydroxy phenylethy- 
lamine) for the therapy of various forms of shock.1-* In patients with 
cardiogenic shock, the results have been somewhat variable, with 
some investigators reporting substantial increments in blood pres- 
sure and urinary flow,!:* and others noting little effect on systemic 
arterial pressure or urinary flow2-3 but increased left ventricular end- 
diastolic pressure.? Accordingly, in patients with different types of 
cardiogenic shock we assessed the effects of dopamine on urinary flow, 
left ventricular filling pressure, systemic arterial pressure and hearts 
rate. 
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Methods 


The diagnosis and clinical data of the 24 patients studied 
are listed in Table I. Ten patients received dopamine for 
therapy of severe shock following acute myocardial infarc- 
tion. Fourteen patients exhibited other forms of cardiogenic 
shock: 4 patients had diminished urinary output and hy- 
potension complicating congestive heart failure without 
acute myocardial infarction, 6 patients were studied after 
cardiopulmonary bypass, and 4 patients had hypotension 
after noncardiac surgery. 

In each patient administration of dopamine was not 
begun unless the following criteria were satisfied: (1) Sys- 
temic systolic blood pressure as recorded by intraarterial 
needle was 90 mm Hg or less (or 60 mm Hg below the pa- 
tient's usual level). (2) Urinary flow was less than 20 ml/ 
hour without the aid of diuretic therapy. In 5 patients (3 
after cardiopulmonary bypass and 2 after myocardial in- 
farction), urinary flow exceeded 20 ml/hour before initia- 
tion of dopamine therapy, but in each instance this was 
the consequence of previous intravenous diuretic therapy; 
in only 1 patient with acute myocardial infarction did uri- 
nary flow exceed 20 ml/hour without the aid of vigorous 
diuretic therapy. In all other patients diuretic therapy 
failed to augment urinary flow. (3) Hypovolemia was cor- 
rected, as judged by left-sided filling pressures in 18 pa- 
tients (average 28 mm Hg) (Table I). These were mea- 
sured as direct left atrial pressure (4 patients) or pulmo- 
nary arterial wedge pressure by means of a Swan-Ganz 
balloon float catheter? (14 patients). Six other patients 
had measurements of central venous pressure only. 

In each patient ventilatory assistance, antibiotic agents, 
digitalis and other supportive measures were used as indi- 
cated. Other pressor or positive inotropic agents had been 
used in 19 of the 25 patients before the administration of 
dopamine (Table I). Five had received a combination of 
isoproterenol and norepinephrine, 4 norepinephrine alone, 
3 isoproterenol alone, 2 a combination of epinephrine and 


100 


œ 
o 


60 


40 


HEART RATE (BEATS/MIN) 


20 


MEAN ARTERIAL PRESSURE (mmHg) 





N.S. 
NON-SURVIVORS SURVIVORS 


p< .05 NS. 


p<.05 
NON-SURVIVORS SURVIVORS 


(i) 0) 
of survivors and nonsurvivors with respect to alterations in 


(12) 
FIGURE 1. Comparison 
(C) and left ventricular filling pressure 


(12) 


(D) before and during the 


URINE FLOW (ml/HR) 


DOPAMINE IN CARDIOGENIC SHOCK—HOLZER ET AL. 


isoproterenol, and 1 a combination of norepinephrine and 
epinephrine. Three patients were treated with intraaortic 
balloon counterpulsation, before the. institution of dop- 
amine therapy, and 1 of these also received norepinephrine. 

Dopamine was diluted in 5 percent dextrose and water 
to a concentration of 800 ug/ ml, and the infusion was usu- 
ally begun at a rate of 1 to 2 ug/kg per min. Urinary vol- 
ume was measured hourly in each patient, and the maxi- 
mal hourly rate of urinary flow was chosen as the primary 
indicator of the peak response to dopamine therapy. The 
corresponding average heart rate, mean arterial pressure 
and filling pressure during the hour of maximal urinary 
flow also were measured and compared with the control 
observations made during the hour before the initiation of 
treatment with dopamine (Table I, Fig. 1). In several pa- 
tients administration of either isoproterenol or norepi- 
nephrine, or both, was continued after the start of dop- 
amine therapy (Table I). In 2 instances it was possible to 
discontinue administration of isoproterenol or norepineph- 
rine and to utilize dopamine as the sole pressor agent. 


Results 


Twelve of the 24 patients survived the shock epi- 
sode, and results are tabulated comparing the find- 
ings in survivors with those in nonsurvivors. 

Heart rate: The heart rate before dopamine ther- 
apy in survivors averaged 113 + 7 (standard error) 
beats/min and did not differ significantly from the 
mean heart rate of nonsurvivors (112 + 5 beats/ 
min). During the peak urinary response to dopamine 
therapy the heart rate in survivors decreased signifi- 
cantly to 104 + 6 beats/min (P «0.05, paired t test), 
whereas it was unchanged in nonsurvivors (Fig. 1A). 

Mean arterial pressure: Mean arterial pressure 
before dopamine therapy averaged 58.6 + 9.3 mm 


‘Hg in survivors and 63.7 + 2.2 mm Hg in nonsurvi- 
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cally significant (paired t test) only in the survivors. N.S. = not significant; p = probability; S.E. = standard error. 
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vors; this difference was not significant. During the 
peak renal response to dopamine, mean arterial pres- 
sure increased in survivors to 82 + 3.6 mm Hg (P 
<0.05); in nonsurvivors, the increment to 72.4 + 4.3 
mm Hg was not significant (Fig. 1B). 

Urinary flow: Before dopamine therapy, urinary 
flow in survivors averaged 25.7 + 11 ml/hour. (This 
high average is the consequence of including 1 pa- 
tient whose urinary flow before administration of 
dopamine averaged 66 ml/hour as a result of diuretic 
therapy; if this patient is excluded the average flow 
was 15.4 ml/hour). Urinary flow in nonsurvivors be- 
fore dopamine therapy averaged 9.6 + 2.3 ml/hour. 
The difference between survivors and nonsurvivors in 
the control values for urinary flow was not signifi- 
cant. During the optimal response to dopamine 
treatment, mean urinary flow in survivors increased 
to 250.4 + 59 ml/hour (P «0.01); in nonsurvivors, 
the increase to 100.9 + 55 ml/hour was not signifi- 
cant (Fig. 1C). Although 4 nonsurvivors had large 
(more than 100 ml/hour) increments in urinary flow, 
the other 8 had either no or only a minimal change 
in urinary flow. By contrast, only 1 patient who sur- 
vived had an increase in urinary flow of less than 35 
ml/hour; the average increment was 224.7 + 59 ml/ 
hour. In 3 of 4 patients receiving intraaortic balloon 
counterpulsation, 2 of whom survived, dopamine 
augmented urinary flow from an average of 20 ml/ 
hour before treatment to 208 ml/hour after treat- 
ment. 

Left atrial and pulmonary arterial wedge pres- 
sures; Before dopamine therapy, left ventricular fill- 
ing pressure in 8 survivors averaged 26.9 + 2.4 mm 
Hg and did not differ significantly from that of 10 
nonsurvivors (27 + 4 mm Hg). During the peak renal 
response to dopamine, left ventricular filling pressure 
in survivors declined to 18.3 + 2.3 mm Hg (P 
«0.05), whereas the average left ventricular filling 
pressure in nonsurvivors did not change (26.8 4 3.4 
mm Hg) (Fig. 1D). 

Drug dosage: The dose of dopamine employed 
ranged from a starting dose of 0.2 ug/kg per min in 1 
patient to a maximum of 53 ug/kg per min in anoth- 
er patient. In most instances administration of the 
drug was begun at a dose level of 2.0 ug/kg per min 
and increased until an optimal effect was obtained, 
as judged by urinary flow and systemic arterial pres- 
sure. In survivors the average maintenance dose was 
9.1 ug/kg per min; in nonsurvivors, it was 17 ug/kg 
per min, but this difference was not significant. The 
average duration of drug therapy for all patients was 
39 hours. 

Side effects: Side effects probably attributable to 
dopamine were noted in only 4 patients. In 1, sinus 
tachycardia (rate 140/min) was observed. During 
dopamine therapy 2 patients had ventricular ectopic 
beats that were controlled by infusion of lidocaine. 
In a fourth patient, deep cyanosis of the fingertips 
developed after 89 hours of dopamine therapy (aver- 
age dose 14 ug/kg per min) and culminated in pe- 
* ripheral gangrene of both hands 2 days after discon- 
tinuation of dopamine. This patient was a 60 year 


old man who required mitral valve replacement for a 
ruptured papillary muscle resulting from acute myo- 
cardial infarction. Since he was not hypotensive 
when dopamine therapy was begun, he was excluded 
from the present study; he received dopamine be- 
cause of renal failure, since it has been shown that 
dopamine augments renal blood flow in normoten- 
sive patients with congestive heart failure.9 Isoprot- 
erenol was the only additional agent administered. 
This patient had a persistently reduced cardiac 
index and died 13 days after operation. Although we 
have not observed this complication in any other pa- 
tient treated with dopamine, the possibility remains 
that in this patient there may have been a causal 
relation between dopamine therapy and the develop- 
ment of gangrene. 

Long-term survival: Of the 6 patients who recov- 
ered from the shock episode after cardiopulmonary 
bypass, 5 left the hospital and 4 are alive 7 to 24 
months later. Two patients who had cardiogenic 
shock due to complications of noncardiac surgery re- 
covered, and 1 of these left the hospital and is alive 8 
months later. Two of the 3 patients with acute myo- 
cardial infarction who survived the shock episode left 
the hospital, but both died within 1 month, 1 patient 
during an attempt at saphenous vein bypass surgery: 
and 1 patient of recurrent acute myocardial infarc- 
tion. The single patient with congestive heart failure 
who recovered from shock died 11 days later of re- 
current severe heart failure. 


Discussion 


Dopamine is a naturally occurring catecholamine 
that has been used experimentally and clinically to 
treat both cardiogenic and  noncardiogenic 
shock,1-4:7-9- Hemodynamic studies have demon- 
strated that dopamine causes nonadrenergically 
mediated dilatation of the renal and mesenteric vas- 
cular beds,!9 reduces coronary vascular resistance 
directly,!! as well as indirectly by virtue of its positive 
inotropic and chronotropic effects,12 and causes vaso- 
constriction of peripheral capacitance and resistance 
vessels.1? It has been shown that dopamine is useful 
alone or in combination with isoproterenol, depending 
on the peripheral vascular response to each drug.2 

In their original clinical report, MacCannell et al.1 
observed 2 patients with acute myocardial infarction 
whose clinical shock was abolished by dopamine 
therapy; 1 additional patient showed improvement, 
but 2 other patients demonstrated no response. Two 
additional patients with cardiogenic shock had an 
excellent response, 1 of whom had shock after car- 
diopulmonary bypass. Thus, 5 of their 7 patients 
with shock of cardiogenic origin survived. On the 
other hand, Talley e: al.? described 4 patients with 
cardiogenic shock due to acute myocardial infarction 
who demonstrated no significant hemodynamic re- 
sponse to dopamine. Loeb et al.? reported that in 13 
patients with cardiogenic shock, dopamine infusion 
resulted in significant increases in heart rate. cardiac 
output, stroke volume and left ventricular end-dia- 
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stolic pressure; systemic vascular resistance de- 
creased, but no significant changes occurred in mean 
arterial pressure, central venous pressure, left ven- 
tricular stroke work or urinary flow. Five of their 13 
patients recovered from the shock episode. Recently, 
Rosenblum and Frieden? reported a favorable re- 
sponse to dopamine in 10 of 15 patients who were 
hypotensive after open heart surgery; 6 of these pa- 
tients were discharged from the hospital. 

In our investigation we evaluated the clinical and 
hemodynamic response to dopamine in 24 patients 
with shock of cardiac origin. When the 12 survivors 
of the shock episode were compared with the nonsur- 
vivors, significant differences between the 2 groups 
emerged. Before dopamine infusion, the average 
values for heart rate, mean arterial pressure, left 
ventricular filling pressure and urinary flow were vir- 
tually identical in the 2 groups. However, during the 
period of optimal effect of dopamine, survivors ex- 
hibited significant improvement in all these mea- 
surements, whereas nonsurvivors showed no signifi- 
cant change. Despite the positive chronotropic effect 
of dopamine, mean heart rate declined in survivors, 
perhaps because of a reflex change associated with 
an increase in peripheral vascular resistance; Urinary 
flow increased dramatically in survivors during the 
height of the effect of dopamine (average increase 
874 percent). Four nonsurvivors also had large incre- 
ments in urinary flow (more than 100 ml/hour), but 
in the other 8 nonsurvivors flow increased by less 
than 4 ml/hour with the exception of 1 patient who 
had an increase of 20 ml/hour. 

Of special significance is the decline in left ven- 
tricular filling pressure observed in the survivors. 
Dopamine is known to cause a rise in cardiac output 
as well as the demonstrated increase in mean arterial 
pressure. Generation of an augmented stroke volume 
at a lower level of filling pressure despite increased 
peripheral vascular resistance indicates a positive 
inotropic response to dopamine. Although cardiac 
output data in our patients were not available, a de- 
cline in filling pressure associated with hemodynam- 
ic and clinical improvement suggests that a positive 
inotropic response occurred in the survivors but not 
in nonsurvivors. A significant decline in a previously 
high level of left ventricular filling pressure during 
dopamine therapy in patients with cardiogenic shock 
has not previously been documented; the finding is 
consistent with observations reported by Wintroub 
et al.14 in dogs with cardiogenic shock treated with 
dopamine. 

Our data are in conflict with the report of Loeb et 
al.,3 who reported an increase in average heart rate 
and left ventricular end-diastolic pressure without 
any significant change in mean arterial pressure or 
urinary flow in 13 patients with cardiogenic shock. 
However, their data analysis does not distinguish 
survivors from nonsurvivors, and this may explain 
the discrepancy between the 2 series. Moreover, the 
average left ventricular end-diastolic pressure of 10 
mm Hg in their 13 patients suggests that not all 
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their patients were in an optimal state of volume 
loading before dopamine therapy. 

Dopamine combined with other catecholamines: 
In 6 of our 12 survivors of the shock episode, dop- 
amine was the sole drug utilized after failure of vol- 
ume expansion and therapy with other catechol- 
amines. One other survivor received epinephrine and 
another norepinephrine in conjunction with dop- 
amine. In 2 other survivors isoproterenol was utilized 
along with dopamine. In this connection, Talley et 
al.2 noted that the combination of isoproterenol and 
dopamine may be useful in selected patients by min- 
imizing the danger of excessive vasoconstriction pro- 
duced by dopamine and excessive vasodilation pro- 
duced by isoproterenol. They also demonstrated that 
in occasional cases this combination may augment 
cardiac output and urinary flow beyond the level 
produced by either drug alone. 

Dopamine combined with diuretic agents: In 
our study all patients had an unsuccessful trial of 
parenteral diuretic therapy with furosemide or 
ethacrynic acid before receiving dopamine, and in 
many instances subsequent administration of these 
agents during treatment with dopamine produced a 
further increment in urinary flow. Thus, the combi- 
nation of dopamine and parenteral diuretic therapy, 
like the concomitant administration of dopamine 
and isoproterenol, may increase urinary flow in some 
patients beyond the level produced by either agent 
alone. 

Dopamine combined with balloon aortic coun- 
terpulsation: Three patients treated with balloon 
aortic counterpulsation merit comment. Despite ad- 
ditional therapy with norepinephrine in 2 patients 
and norepinephrine and isoproterenol in the third, 
neither satisfactory systemic pressure nor urinary 
output was achieved. However, after infusion of dop- 
amine, both arterial pressure and urinary flow in- 
creased significantly in each patient (Table I, Cases 
5, 17 and 19). That intraaortic balloon counterpulsa- 
tion may not augment renal blood flow is consistent 
with the observations of Corday et al.15 who found 
an increase in renal resistance and a reduction in 
renal blood flow in 3 dogs with myocardial infarction 
and shock treated with balloon counterpulsation. 
Our study suggests that the addition of dopamine to 
the regimen in such patients is probably indicated. 

In summary, we conclude that dopamine is a use- 
ful agent either alone or in conjunction with other 
catecholamines for the treatment of cardiogenic 
shock. Dopamine appears to be especially efficacious 
in the therapy of hypotension and oliguria after car- 
diopulmonary bypass. Although immediate mortality 
is decreased, long-term survival may be comprom- 
ised by subsequent complications such as recurrent 
myocardial infarction or congestive heart failure. 
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Transesophageal atrial pacing by means of an electrode catheter 
placed in the esophagus was attempted in 22 patients for treatment 
of the following tachyarrhythmias: paroxysmal supraventricular 
tachycardia (8 patients), atrial flutter (6 patients), atrial fibrillation 
(3 patients), ventricular tachycardia (3 patients) and nonparoxysmal 
atrioventricular (A-V) junctional tachycardia (2 patients). Atrial pac- 
ing was definitely achieved in 17 patients, sinus rhythm was restored 
in 5 of 8 patients with paroxysmal supraventricular tachycardia and in 
1 of 2 patients with nonparoxysmal A-V junctional tachycardia. Atrial 
pacing failed to restore sinus rhythm in all other types of tachyar- 
rhythmias treated. In 1 patient with ventricular tachycardia, there 
was no strong diagnostic evidence for the arrhythmia until atrial pac- 
ing was performed and ventricular capture beats became evident. 
The safety of transesophageal atrial pacing and its advantages over 
other methods of treatment of tachyarrhythmias are discussed. The 
results of our study suggest that atrial pacing from the esophagus is 
the method of choice in the treatment of paroxysmal supraventricul- 
ar tachycardias and perhaps of nonparoxysmal A-V junctional 
tachycardias in digitalized patients who require rapid suppression of 
the arrhythmia. There is also evidence that atrial pacing may be 
helpful in diagnosing some cases of ventricular tachycardia with a 
suspected ventricular origin. 


Reversion of supraventricular tachycardias to sinus rhythm was 
achieved by Massumi et al.! and Durrer et al.2 in 1967 by applying a 
single electrical stimulus to the right atrium in patients with Wolff- 
Parkinson-White syndrome. Subsequently, several workers?" have 
treated supraventricular tachycardias and atrial flutter by rapid 
electrical stimulation of the right atrium. 

Recently, ventricular pacing with an esophageal electrode has been 
successfully reported by Rowe et al. in dogs and by Burack, and 
Furman? and Lubelli? in 4 of 6 patients. To our knowledge, trans- 
esophageal atrial pacing has never been reported. Since the esophagus 
is an ideal site for the recording of the electrical activity of the 
atria,!1313 we thought that atrial pacing could also be achieved in 
this manner. 

We attempted atrial pacing in 22 patients with an electrode cathe- 
ter placed in the esophagus for the treatment of different types of 
tachyarrhythmias. 


Materials and Methods 


Twenty-two patients, 13 men and 9 women aged 30 to 75 years, were 
treated in this study (Table I). Underlying arteriosclerotic heart disease was 
present in 13 patients, rheumatic heart disease in 6 patients and congestive 
cardiomyopathy in 1 patient. No evidence of organic heart disease was, 
found in the remaining 2 patients, 1 of whom had the Wolff-Parkinson- 
White syndrome. No patient received digitalis or any other known antiar- 
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TABLE | 
Clinical Data and Stimulation Rate 


Fs a o es a ee RN, Qul EE OTS 


Age Stimulation 

Case (yr) Tachyar- Rate 

no. & Sex Diagnosis rhythmia (per min) 
E 59M ASHD PSVT 165 
2 54F NOHD PSVT 230 
3 30M RHD PSVT 215 
4 75F ASHD PSVT 165 
5 64F ASHD PSVT 165 
6 42F WPW PSVT 160 
7 49M ASHD PSVT 200 
8 42F RHD PSVT 170 
9 55M ASHD AFt 200 
10 56F RHD AFt 200 
11 42F RHD AFt 165 
12 50M ASHD AFt 500 
13 54M ASHD AFt 400 
14 63M ASHD AFt 450 
15 73M ASHD AFb 165 
16 50F RHD AFb 165 
17 44F RDH AFb 175 
18 60M ASHD VT 200 
19 63M ASHD VT 165 
20 67M CMP VT 165 
21 34M ASHD AVT 150 
22 54M ASHD AVT 150 


EE e duci eu e mi oe DER UT T da 


AFb — atrial fibrillation; AFt — atrial flutter; ASHD — arterio- 
sclerotric heart disease; AVT — nonparoxysmal A-V junctional 
tachycardia; CMP — congestive cardiomyopathy; NOHD — no 
organic heart disease; PSVT — paroxysmal supraventricular 
tachycardia; RHD — rheumatic heart disease; VT — ventricular 
tachycardia; WPW — Wolff-Parkinson-White syndrome. 


rhythmic drug for at least 24 hours before electrical stim- 
ulation. The following tachyarrhythmias were treated: 
paroxysmal supraventricular tachycardia (8 patients), 
atrial flutter (6 patients), atrial fibrillation (3 patients), 
ventricular tachycardia (3 patients) and nonparoxysmal 
atrioventricular (A-V) junctional tachycardia (2 patients). 
A no. 6F bipolar electrode catheter was introduced 
through the nose into the esophagus. An esophageal lead 
was obtained by connecting the terminal of the distal 
electrode to a V lead of a 3 channel Elema-Schónander 
Mingrograf 34 jet recorder. Standard and esophageal elec- 
cardiographic leads were recorded at a paper speed of 25 
mm/sec. The point where the highest voltage of the P 
wave could be obtained with the esophageal lead was cho- 
sen for the electrical stimulation because it was assumed 
to be the closest point to the atria. It was always situated 
32 to 36 cm from the nostril. The 2 terminals of the elec- 
trode were connected to the bipolar system of an Ameri- 
can Optical High Level Continuous Pacer-262001 that had 
a multiplier device adapted to it that permitted stimula- 
tion rates of up to 600/min. The device delivered a stimu- 
lus 2 msec in duration. The stimulus strength was progres- 
sively increased until either atrial captures were continu- 
ously achieved or maximal output of the pulse generator 
was reached. The latter had a 60 volt peak and corresponded 


* To an intensity of 20 mamp when the catheter was placed 
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in position. The stimulation rate was always greater than 
the atrial rate of the tachycardia, except in 2 patients with 
atrial flutter treated when the multiplier device was not 
yet available. The rate ranged from 160 to 500/min. Atrial 
stimulation was maintained for 10 to 20 seconds and then 
suddenly terminated. When the tachycardia persisted, 
stimulation was performed again for 1 minute and repeated 
up to 5 times, if necessary. 

No premedication was given to the patients, and they 
were awake throughout the procedure. They were ques- 
tioned about possible complaints during and for a few 
days after the pacing procedure. To detect possible dam- 
age to the esophagus, esophagoscopy was performed in 6 
patients 24 hours after electrical stimulation. 


Results 


Atrial pacing was definitively achieved in 17 of 22 
patients. In 1 of the 5 failures (Case 1), a low stimu- 
lus strength was used since it was the first case in 
which pacing was performed and particular precau- 
tion was taken to avoid esophageal damage. Another 
failure (Case 14) occurred in a patient with atrial 
flutter. No evidence of atrial captures was ob- 
served in any of the 3 patients with atrial fibrilla- 
tion. Transesophageal atrial pacing was also success- 
ful in 67 of 70 other patients in whom this technique 
was attempted for other diagnostic and therapeutic 
reasons; this will be the subject of other studies. 
Ventricular pacing was never achieved with this 
method. 

Two patients complained of moderate but tolera- 
ble burning sensations, and 6 other patients com- 
plained of palpitations and some slight distress dur- 
ing the stimulation period. The remaining 13 pa- 
tients had no complaints. No muscle contractions 
were seen during electrical stimulation. No patient 
had complaints in the period after pacing. Esopha- 
goscopy disclosed no evidence of esophageal damage 
in 6 patients. Esophagoscopy was also performed in 
12 of 70 patients, not included in our study, who un- 
derwent transesophageal atrial stimulation. In 2 pä- 
tients of the latter group, esophagoscopy showed 
small areas of mucosal erosions which were not inter- 
preted as coagulative necrosis but as pressure necro- 
sis of the mucosa. One of these patients had under- 
gone pacing for 30 hours. The remaining 10 patients 
did not show any damage. 

Paroxysmal supraventricular tachycardia: 
Sinus rhythm was definitively restored in 5 of 8 pa- 
tients with paroxysmal supraventricular tachycardia 
(Fig. 1 to 3). In 1 patient reversion to sinus rhythm 
was achieved 4 times, but tachycardia recurred re- 
peatedly a few seconds after discontinuation of atrial 
pacing. In 1 patient atrial flutter developed as a con- 
sequence of pacing and atrial fibrillation subsequent- 
ly occurred. 


Case 2: Paroxysmal supraventricular tachycardia (rate 
180/min) (Fig. 1). Soon after institution of electrical stim- 
ulation at a rate of 230/min, every stimulus is followed by 
a P wave, and there is a 2:1 A-V block with a ventricular 
rate of 115/min. When atrial pacing is discontinued sinus 
rhythm is restored. 


FIGURE 1. A, paroxysmal supra- 
ventricular tachycardia just after 
the start of rapid electrical stimula- 
tion. B, 10 seconds later, atrial 
pacing is achieved. When it is 
discontinued (arrow) sinus rhythm 
is restored. 





FIGURE 2. Paroxysmal supraven- 
tricular tachycardia. When atrial 
pacing is discontinued sinus 
rhythm is restored. The arrows 
mark initiation and termination of 
atrial pacing. 
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FIGURE 3. Paroxysmal supraven- 
tricular tachycardia in a patient 
with Wolff-Parkinson-White syn- 
drome (continuous tracing). A, 
onset of atrial stimulation (arrow). 
B and C, atrial pacing is achieved. 
D, when atrial pacing is discontin- 
ued (arrow), sinus rhythm is re- 
stored. ; 4 


Case 3: Paroxysmal supraventricular tachycardia (rate 
188/min) (Fig. 2). Soon after the start of electrical stimu- 
lation at a rate of 215/min, atrial pacing is achieved and a 
Wenckebach phenomenon occurs in A-V conduction. When 
atrial pacing is discontinued, sinus rhythm is restored. 


Case 6: Paroxysmal supraventricular tachycardia (rate 
135/min) in a patient with Wolff-Parkinson-White syn- 
drome (Fig. 3). The QRS complexes are narrow and nor- 
mally shaped during tachycardia (Fig. 3A), thereby 
suggesting that the stimulus travels through the normal 
A-V pathway toward the ventricles and comes back to the 
atria through the abnormal A-V pathway. Seven beats 
after the start of stimulation at a rate of 160/min, the 
R-R interval shortens from 0.45 to 0.37 second, thus dem- 
onstrating atrial or supraventricular capture. Throughout 
Figure 3, B and C, the duration of the QRS complexes in- 
creases gradually from 0.10 to 0.14 second. We do not 
have a convincing explanation for this phenomenon. It 
seems as if conduction occurred exclusively or mainly 
through the normal A-V pathway at the start of pacing, 
through both pathways later, and mainly or only through 
the abnormal pathway toward the end. However, the first 
stimulus-QRS intervals are too short to be conducted 
through the normal A-V pathway. When pacing is discon- 
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tinued (Fig. 3D) sinus rhythm is restored, thus indicating 
the characteristic features of the Wolff-Parkinson-White 
syndrome. 


Atrial flutter: Atrial fibrillation developed in 4 of 
6 patients with atrial flutter as a result of pacing, 
with a slower ventricular rate (Fig. 4 and 5). A fifth 
patient continued to have atrial flutter although 
atrial captures were achieved, as evidenced by an in- 
crease of ventricular rate during stimulation. In the 
sixth patient, there was no evidence of atrial capture 
and the arrhythmic pattern remained unchanged. 


Case 10: Atrial flutter (rate 290/min) and 2:1 A-V 
block (Fig. 4A). F waves of flutter are still present during 
stimulation at 200/min and R-R intervals are constant, 
except for the 10th and 15th beats, which are conducted 
with 3:1 A-V block, suggesting concealed conduction 
(Fig. 4B). Atrial fibrillation with a slower ventricular rate 
is present just after the pacemaker has been switched off 
(Fig. 4C). 


Case 12: Atrial flutter (rate 310/min) and 2:1 A-V 
block (Fig. 5). Soon after the start of stimulation at 500/ 


min, the circus movement becomes disorganized and atri-—, 


al fibrillation occurs, with a slower ventricular rate. 
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Ws Ai T. FIGURE 4. Atrial flutter with 2:1 
R A-V block. A, control tracing. B, 
electrical stimulation at 200/min. 
QRS complexes are labeled R and 
spikes of pacemaker stimulus S. C, 
atrial fibrillation just after pace- 
maker has been switched off. 
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! : FIGURE 5. Atrial flutter with 2:1 A-V block. 
$ i A, soon after starting electrical stimulation at 
| 500/min (arrow), atrial fibrillation occurs. B, 
` atrial fibrillation after pacing has been 
discontinued. 
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Atrial fibrillation: All 3 patients of this group 
continued to have atrial fibrillation when stimula- 
tion was terminated. In no patient was there defini- 
tive evidence of atrial captures during the electrical 
stimulation. 

Ventricular tachycardia: Reversion to sinus 
rhythm was not achieved in the 3 patients of this 
group, and they continued to have ventricular tachy- 
cardia after atrial stimulation. In 1 of these patients 
e «-^-V dissociation was demonstrated with the esopha- 
geal lead, but no ventricular capture beat could be 
seen before the pacing. There was no strong diag- 
nostic evidence for ventricular tachycardia until atri- 
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FIGURE 6. Ventricular tachycardia A, 
X esophageal lead showing A-V dissociation, 
i, ^ ventricular rate 160/min. B and C, continu- 
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al pacing was performed and ventricular capture 
beats could be seen during the procedure!4 (Fig. 6). 


Case 19: Ventricular tachycardia (rate 160/min) (Fig. 
6). The esophageal lead (Fig. 6A) demonstrates A-V dis- 
sociation, suggesting ventricular tachycardia or nodal 
tachycardia with aberrant conduction and A-V dissocia- 
tion. Atrial pacing at 165/min shows ventricular capture 
beats from the 11th to the 26th QRS complexes (Fig. 6, B 
and C). From the 11th to the 15th beats the ventricular 
captures are incomplete; that is, they are ventricular fu- 
sion complexes. Thus, there was no diagnostic evidence 
for ventricular tachycardia until atrial pacing was per- 
formed. : 
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Nonparoxysmal A-V junctional tachycardia: In 
1 of the 2 patients in this group, sinus rhythm was 
definitively restored after atrial pacing (Fig. 7). The 
other patient had sinus rhythm on several occasions, 
but tachycardia recurred repeatedly a few seconds 
after discontinuation of pacing. 


Case 21: Nonparoxysmal A-V junctional tachycardia 
(rate 93/min) (Fig. 7). P waves are negative in leads II 
and III, suggesting retrograde activation of the atria. Five 
seconds after the start of pacing at 150/min (B), the ven- 
tricular rate decreases to 75/min, suggesting atrial pacing 
at 150/min with 2:1 A-V block. When atrial pacing is 
discontinued, sinus rhythm is restored. 


Discussion 


Electrical stimulation with an electrode placed in 
the esophagus has proved to be a good method for 
atrial pacing and as effective as right atrial intracav- 
itary stimulation. In our study, when a high enough 
stimulus strength was used, it failed to achieve atrial 
captures only in the 3 patients with atrial fibrillation 
and in 1 of the 6 patients with atrial flutter; in the 
study of Rosen et al.,? right atrial cavity stimulation 
failed to do so in 2 of 15 patients with atrial flutter. 
We also achieved atrial pacing in 67 of 70 other pa- 
tients who underwent transesophageal atrial stimu- 
lation for other reasons. Other workers have achieved 
only ventricular pacing with use of the esophageal 
lead$-19;: however, we were unable to achieve ventric- 
ular pacing in the 70 patients cited or in the 22 pa- 
tients of our study. A possible explanation for our 
failure to achieve ventricular pacing is that we used 
a lower stimulus strength and placed the electrode 
higher in the esophagus. In any event, there seems to 
be no danger of producing ventricular fibrillation with 
rapid stimulation using this technique. 

Transesophageal atrial pacing has also proved to 
be safe with the voltages used, which were high 
enough to achieve atrial capture beats. This proce- 
dure does not produce major distress in patients as 
judged by their limited complaints. When atrial pac- 
ing is required, the transesophageal method is pref- 
erable because its technique is simpler and more 
rapid than the intracavitary method and it does not 
require venesection or fluoroscopy. 

Atrial pacing from the esophagus appears to be an 
effective method for cardioversion of paroxysmal su- 
praventricular tachycardias. It also might be effec- 
tive in the treatment of nonparoxysmal A-V junc- 
tional tachycardias; nevertheless the number of pa- 
tients studied was small and further studies should 
be carried out. Our results suggest that this proce- 
dure has no action on atrial fibrillation and ventricu- 
lar tachycardia, although the number of patients 
studied was also too small to draw any definitive 
conclusions. Rapid transesophageal atrial stimula- 
tion failed to reverse atrial flutter to sinus rhythm 
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FIGURE 7. Nonparoxysmal A-V junctional tachycardia. A, lead 
II (top tracing) and lead ||| (bottom tracing); Arrow marks the 
initiation of electrical stimulation: B, atrial pacing with 2:1 A-V 
block. When atrial pacing is discontinued (arrow), sinus rhythm 
is restored. 


but converted it to atrial fibrillation with a slower 
ventricular rate. Our results are similar to those of 
Rosen et al.,7 who did not achieve reversion to sinus 
rhythm in any of 15 patients with atrial flutter who 
underwent right atrial intracavitary pacing. How- 
ever, their investigation should not be considered a 
total failure because a slower heart rate is more ben- 
eficial to the patients.3-9 

Clinical applications: We may conclude that 
transesophageal atrial pacing is the method of choice 
in the treatment of digitalized patients with paroxys- 
mal supraventricular tachycardias for whom direct- 
current cardioversion is dangerous!9.16 and who re- 
quire rapid termination of the arrhythmia. This pro- 
cedure might be beneficial to patients with non- 
paroxysmal A-V junctional tachycardias under the 
same circumstances. Gulotta et al.? have demon- 
strated that rapid atrial pacing is not dangerous for 
patients receiving digitalis and is as effective for those 
patients not receiving digitalis for the treatment of 
supraventricular tachycardias. This method may be 
helpful as a diagnostic procedure in patients with 
ventricular tachycardia when a ventricular origin is 
suspected, because it may elicit ventricular capture 
beats that were not present before pacing. 
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Paradoxical Pulse: 100 Years Later 


HENRY R. WAGNER, MD The term paradoxical pulse was coined 100 years ago by Adolf 
Kussmaul. The reasons Kussmaul called this arterial pulse phenom- 
enon paradoxical have frequently been forgotton or misinterpreted 
and are restated on the basis of Kussmaul's original text of 1873. 


Buffalo, New York 


The term paradoxical pulse was coined 100 years ago by Adolf 
Kussmaul, professor of medicine in Freiburg, Germany. In an 1873 
issue of the Berliner Klinische Wochenschrift,? he described 3 pa- 
tients with constrictive pericarditis who presented a peculiar phe- 
nomenon of the arterial pulse. The pulse of these patients became 
fainter and disappeared in regular repetitive intervals during inspira- 
tion. Paradoxical pulse has since become a medical expression and 
diagnostic tool in recognition of constrictive pericarditis and pericar- 
dial tamponade. 

The reasons Kussmaul called this pulse phenomenon paradoxical 
have frequently been forgotten or misinterpreted. Modern textbooks 
usually describe paradoxical pulse as a reduction in systolic blood 
pressure of 10 mm Hg or more during inspiration. A decrease in 
blood pressure during inspiration is physiologic and not paradoxical. 
The connecting link between Kussmaul's 19th century wording and 
the modern manometrist's definition is missing. 

The great clinical observer Kussmaul gave 2 reasons to justify his 
selection of this term: “I propose to call this pulse paradoxical first 
because of the obvious discrepancy in (regular) precordial activity 
and in (irregular) peripheral arterial pulsation, and second because 
of the additional paradox that the peripheral pulse in spite of the ap- 
parent irregularity decreases and disappears with repetitive regulari- 
Ly 

Kussmaul admitted that in 1854 physicians at the Medical Clinic 
in Tübingen had observed in a 22 year old man with purulent peri- 
carditis the incongruity of irregular pulse and regular heartbeat. 
Vierordt? published a record of this patient's pulse in his textbook on 
the arterial pulse (Fig. 1). On the basis of this record and his own 
observations, Kussmaul coined the term paradoxical pulse. 

Kussmaul, born in 1822 in Graben?-* near Karlsruhe, Germany, 
began his medical career as an army surgeon, later becoming a pro- 
fessor at Heidelberg (1857), Erlangen (1859), Freiburg (1863) and 
Strassburg (1876). His clinical publications covered a wide variety of 
subjects: changing colors in the eye (1845), psychology of the neona- 
tal infant (1859), periarteriitis nodosa (1866), progressive bulbar pa- 
ralysis (1873) and many others. In 1866 he? published a paper con- 

SEE ars Hulpitals Duro. NV taining a meticulous description and illustration of a double outlet 
Madress tor reprints: Henry R. Wagner, MD. left ventricle with levotransposition of the aorta. In 1869 Kussmadf* . 

Children's Hospital, 219 Bryant St., Buffalo, made the first attempt to perform esophagoscopic and gastroscopic 

N.Y. 14222. studies. And in 1874 he published a study on diabetic coma with 
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FIGURE 1. Vierordt's textbook example? of paradoxical pulse. 


acetonemia and a peculiar type of breathing, thereby 
creating another medical eponym, Kussmaul’s 
respiration. 

In addition to his medical talents Kussmaul had a 
flair for poetry. In 1893 he printed and distributed 
among friends his own volume of poems under the 
pseudonym "Doctor Oribasius." His autobiography 
Jugenderinnerungen published in 1899, 3 years be- 
fore his death, offers many sidelights on the prosper- 
ous days of the New Vienna School. 


The 100 year old term, paradoxical pulse, seems to 
contrast in concept with the modern techniques of 
radioscanning, echocardiography, cardiac catheteri- 
zation and angiography in diagnosing pericardial dis- 
ease. Clinicians may have forgotten the original 
meaning, but fortunately not Kussmaul's simple ma- 
neuver, which performed at the patient's bedside, is 
just as swift but surely more economic and less 
hazardous than the complex and partly invasive pro- 
cedures. 
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Two patients with advanced rheumatic heart disease, whose surface 
electrocardiogram showed irregular rhythm and absent P waves, 
were studied with an intracardiac electrogram. Both were shown to 
have sinus rhythm. Mechanical failure of the atria was shown in 1 
patient by pressure recordings and cineangiograms and suggested in 
the other by fluoroscopic study. 

The possibility that extensive myocardial fibrosis can cause the 
sinus impulse to travel through the internodal tracts to the atrioven- 
tricular node and then to the ventricles without depolarizing the atri- 
um is discussed. In such patients, an absent P wave does not indi- 
cate atrial fibrillation or junctional rhythm. 


In the absence of clear atrial activity in the surface electrocardio- 
gram the correct diagnosis of cardiac rhythm may be extremely diffi- 
cult or impossible to make. In rheumatic heart disease a diagnosis of 
atrial fibrillation is usually entertained when the QRS complexes 
occur at irregular intervals even in the absence of fibrillation waves. 
This diagnosis may not actually be justified as is well illustrated by 
the 2 cases presented. 


Case Reports 


Case 1: A 58 year old woman had rheumatic fever at age 15 and after the 
later development of signs and symptoms of mitral stenosis underwent mi- 
tral valvotomy in 1959. Reappearance and progression of symptoms led to 
insertion of Starr-Edwards valve prostheses in the aortic and mitral posi- 
tions in May 1971. Postoperatively she was given anticoagulant and diuretic 
agents and digoxin for persistent mild heart failure. Clinical examination 
revealed signs of tricuspid insufficiency as well as the sounds of 2 normally 
functioning prosthetic valves. Hematologic studies were normal except for a 
raised blood urea nitrogen level of 66 mg/100 ml. Serum potassium was 
normal. 

The patient's preoperative electrocardiogram (Fig. 1) was thought to in- 
dicate atrial fibrillation. It showed irregular R-R intervals, no evidence of 
fibrillation waves, frontal axis +30° and repolarization changes. The post- 
operative tracing (Fig. 2) disclosed no clear fibrillation waves, only minor 
irregularity of the R-R intervals, left anterior hemiblock and repolarization 
changes. The diagnosis was now thought to be atrial fibrillation with ad- 
vanced atrioventricular (A-V) block and junctional rhythm. 

To establish the exact nature of the rhythm with a view to appropriate 
management, a His bundle electrogram was recorded using the technique 
described by Scherlag et al.! (Fig. 3). The intracardiac potential showed an 
atrial deflection that was in constant relation to the His bundle deflection 
and the ventricular potential, thus establishing the presence of a supraven- 
tricular rhythm, probably sinus. The A-H interval was of normal duration 
(110 msec), and the intraventricular conduction time (H-V interval) was 


slightly prolonged (60 msec). The irregularity of the R-R interval seen im. 


the surface electrocardiogram was due to atrial premature contractions. 
Right atrial pacing was successful, although a high level of voltage (8 v) 
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FIGURE 1. Case 1. Preoperative electrocardio- 
gram showing irregular QRS complexes, com- 
patible with a diagnosis of atrial fibrillation, but 
no clear atrial activity. 


FIGURE 2. Case 2. Postoperative electrocardio- 
gram showing no visible atrial activity and slight 
irregularity of the QRS complexes, diagnosed as 
atrial fibrillation with advanced A-V block and 
junctional rhythm. Leads V3 and V3 recorded at 
half standardization. 


FIGURE 3. Case 1. Recording of His bundle po- 
tential (H) with atrial (A) and ventricular (V) 
potentials at a paper speed of 200 mm/sec; 
time lines 0.02 second. Clear atrial potentials 
(rate 91/min) in constant relation to His and 
ventricular potentials establish the diagnosis of 
sinus rhythm. No P waves are seen in the sur- 
face electrocardiogram. 





RIGHT ATRIAL PRESSURE TRACING 
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was necessary for capture, and the response to pacing was 
normal with prolongation of the A-H interval at increasing 
heart rates. 

Mechanical failure of the atria was inferred from the 
right atrial pressure (Fig. 4) and the pulmonary capillary 
wedge pressure tracings (Fig. 5), neither of which showed 
evidence of an a wave. A right atrial cineangiogram 
showed no evidence of contraction of the atrium. 


Case 2: A 60 year old man had had rheumatic fever as a 
child and signs and symptoms of mitral valve disease 
since 1954. He came to our attention in February 1972 
after marked progression of chronic congestive heart fail- 
‘ure which was being managed with digitalis and diuretic 
agents. Clinical examination revealed signs of mitral ste- 
nosis and mitral and tricuspid regurgitation with cardiac 
cachexia and massive peripheral edema. Pertinent hema- 
tologic studies were normal with the exception of an ele- 
vated level of blood urea nitrogen (240 mg/100 ml). Serum 
potassium was 4.3 mg/100 ml. 

The electrocardiogram showed alternating long and 
short R-R intervals with no clear fibrillatory waves (Fig. 
6), and a diagnosis of junctional rhythm with a Mobitz 
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FIGURE 4 (left). Case 1. Right atrial pressure tracing showing 
absent a waves, in the presence of sinus rhythm, and a large 
systolic (S) wave due to tricuspid regurgitation. Mean atrial 
pressure is 18 mm Hg, S wave 25 mm Hg. 


FIGURE 5 (below). Case 1. Pulmonary capillary wedge pressure 
tracing showing absence of a wave, indicating mechanical fail- 
ure of the left atrium in the presence of sinus rhythm. Mean 
wedge pressure is 23 mm Hg, v wave 36 mm Hg. 
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type I exit block was entertained. Numerous electrocar- 
diograms taken over a period of months before his admis- 
sion were examined, and none showed evidence of fibrilla- 
tion waves. 

To establish firmly the true cardiac rhythm, a His bun- 
dle electrogram was obtained (Fig. 7). This showed a 
sinus tachycardia (rate 124/min) with a Mobitz type I 
A-V block accounting for the irregularity of the QRS 
complexes in the surface electrocardiogram. The A-V in- 
terval was greatly prolonged, and a His bundle potential 
could not be obtained because of the severe tricuspid 
insufficiency. Fluoroscopic examination of the right heart 
border showed no evidence of atrial contraction. Atrial 
pacing was performed, and a high level of voltage (8 V) 
was required for capture. On the basis of these findings 
digitalis toxicity was diagnosed, and the administration of 
digoxin was discontinued and later reintroduced at a re- 
duced dose. Surgical management was deemed inadvis- 
able because of the patient's prolonged and severe conges- 
tive heart failure. He was treated with bed rest, diuretic 
agents and a very small dose of digoxin. His condition im- 
proved considerably and he was discharged for follow-up 
study in the outpatient clinic. 
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FIGURE 6. Case 2. Electrocardio- 
gram showing irregular QRS com- 
plexes with alternating long and 











short R-R intervals. No clear atrial 
activity is seen, and a presumptive 
diagnosis of junctional rhythm with 





Mobitz type | exit block was made. 
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Discussion 

Atrial fibrillation is a common sequela of mitral 
valve disease and is likely to be the provisional diag- 
nosis in an electrocardiogram showing irregular R-R 
intervals and absent P waves in patients with this 
lesion. Of 119 patients with rheumatic mitral steno- 
sis studied at autopsy by de la Chapelle et al.2 in 
1934, 40 percent were judged to have atrial fibrilla- 
tion during life. In a clinical study by deGraff and 
Lingg,? 50.5 percent of their 402 patients with rheu- 
matic mitral stenosis had atrial fibrillation. Similar- 
ly, Turner and Fraser reported that atrial fibrilla- 
tion had been present in 42 percent of 200 patients 
with mitral valve disease treated by operation. In a 
parallel series of 105 patients whose condition was 
considered to be too severe for surgery, 84 percent 
had atrial fibrillation. This arrhythmia was most 
commonly seen from the fourth decade onward. 

In our 2 patients the age, the clinical severity of 
the heart disease and the irregularity of the QRS 
complexes in the electrocardiogram suggested a diag- 
nosis of atrial fibrillation. In cases of rheumatic heart 
disease the fibrillation waves tend to be of large am- 
plitude, presumably because of left atrial hypertro- 
phy, and it was the complete absence of any kind of 
visible atrial electrical activity in the surface electro- 
cardiogram that prompted us to record the intracar- 
diac electrogram. It was only then that the atrial po- 
tential was clearly demonstrated and the diagnosis of 
sinus rhythm established. The irregularity of the 
QRS complexes was due to the presence of atrial 
premature contractions in the first case and to sinus 
tachycardia with Mobitz type I A-V block in the 
second case. 

Causes of absent P waves: The reason for the 
absent P waves on the surface electrocardiogram in 
the presence of sinus rhythm cannot be stated with 
certainty but it may be that too low a voltage atrial 
potential is generated for recording on the surface. In 


» ur 2 patients the atrial potential recorded in the di- 


rect intracardiac electrograms was of lower voltage 
than the voltages seen in the normal heart and in 
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FIGURE 7. Intracardiac electro- 
gram showing sinus tachycardia 
(rate 124/min) with Mobitz type | 
A-V block. The atrial potential (A) 
is clearly seen, and every third po- 
tential is blocked. Paper speed 50 
mm/sec; time lines 1 second. V = 
ventricular potential. 


hearts involved by many other disease processes. 
This low voltage atrial potential may be caused by 
extensive fibrosis of both atria in advanced rheumat- 
ic heart disease with little remaining muscle for de- 
polarization. This suggestion is further supported by 
the high voltage level required for atrial pacing in 
both cases. 

The findings resemble the phenomenon of sinoven- 
tricular rhythm, when the sinus impulse travels 
through the internodal tracts to the A-V node and 
ventricles without depolarizing the atrial muscu- 
lature, as seen in hyperkalemic states in which the 
electrocardiogram does not reveal any P waves de- 
spite the presence of sinus rhythm. In patients such 
as ours, with advanced rheumatic heart disease, ex- 
tensive replacement of the atrial myocardium by fi- 
brous tissue may render the atria refractory to depo- 
larization. The internodal tracts might escape this 
process of fibrosis and still be able to conduct an im- 
pulse from the sinoatrial to the A-V node. 

Mechanical failure of atria: Our first patient, 
studied in greater detail, also revealed mechanical 
failure of both right and left atria, as evidenced by 
the absence of a waves in the right atrial and pulmo- 
nary capillary wedge pressure tracings. The right 
atrial cineangiogram also did not reveal mechanical 
activity of the right atrium. Temporary or perma- 
nent mechanical failure of the left atrium in rheu- 
matic heart disease has been described previously. 
Grover et al.5 reported their observations in 37 cases 
of rheumatic heart disease after cardioversion to nor- 
mal sinus rhythm. By recording apex cardiograms, 
they examined these patients for the mechanical ac- 
tion of the left atrium after conversion to sinus 
rhythm from atrial fibrillation. Two of 5 patients 
studied within an hour of cardioversion showed no a 
wave on the apex cardiogram, but in both it ap- 
peared after 24 hours. Seven of 12 patients studied 
by Ikram et al.$ immediately after cardioversion had 
no a wave in their apex cardiograms, but the a wave 
appeared in 6 of the 7 patients after 3 to 6 days. The 
delayed appearance of mechanical activity in these 
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patients may have been related to the duration and 
severity of the disease. Mechanical failure may be 
permanent if the damage to the atrial myocardium is 
very severe 

Intracardiac electrogram: We believe that in ad- 
vanced rheumatic heart disease there may be in ad- 
dition to mechanical failure of the atria, such diminu- 
tion of the atrial electrical potential that the P wave 


may disappear from the surface electrocardiogram 
although the low voltage potential can be recorded 
by the special techniques used in our 2 cases. It re- 
mains to be seen how many patients with rheumatic 
heart disease thought to have junctional rhythm be- 
cause of lack of visible P waves will be shown to have 
sinus rhythm when studied by recording of direct in- 
tracardiac electrograms. 
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Electrocardiograms of 3 patients with complete left bundle branch 
block and left axis deviation of AQRS greater than — 30? in the fron- 
tal plane, who had either intermittent normal intraventricular conduc- 
tion or restoration of normal intraventricular conduction within 12 
hours of complete left bundle branch block, are presented. None of 
the 3 patients had abnormal left axis deviation during normal intra- 
ventricular conduction. These findings suggest that left axis deviation 
of AQRS greater than —30° in patients with left bundle branch block 
is not reliable evidence for block within the anterior fascicles of the 
left bundle in addition to block of the left main bundle. 


It has been suggested that complete left bundle branch block with 
true left axis deviation of the QRS complex (defined as deviation of 
the mean QRS axis to the left of —30? in the frontal plane) reflects 
block within the anterior fascicles of the left bundle (left anterior 
hemiblock) in addition to more proximal block of the main left bun- 
dle.! This report presents evidence that this hypothesis may be in- 
valid. 


Description of Electrocardiograms 


Figure 1 shows a standard lead electrocardiogram obtained from a 62 year 
old woman admitted to the coronary care unit because of suspected myo- 
cardial infarction. The electrocardiogram displays intermittent complete 
left bundle branch block. During complete left bundle branch block, the 
AQRS axis is located at —35°; during normal intraventricular conduction it 
is located at —7° (Fig. 1). 

Figure 2A shows a standard lead electrocardiogram obtained from a 52 
year old man admitted to the coronary care unit because of retrosternal 
pain associated with previously unrecognized complete left bundle branch 
block. Within about 7 hours of admission normal intraventricular conduc- 
tion was restored (Fig. 2B). During complete left bundle branch block, the 
AQRS axis is located at —34^; during normal intraventricular conduction it 
is located at — 25°. : 

Figure 3 shows a standard lead electrocardiogram obtained from a 36 year 
old man with coxsackievirus group B4 myocarditis. The electrocardiograms ` 
were registered within about 12 hours of each other. During complete left 
bundle branch block the AQRS axis is located at -37° (Fig. 3A); during 
normal intraventricular conduction it is located at —20? (Fig. 3B). 


Comments 


It is well established that left anterior hemiblock results in a shift 
of the major QRS axis superiorly and to the left in the frontal plane.2:3 
On the other hand, left bundle branch block is generally consid- 
ered to result only in a leftward shift of the early QRS vectors with- 
out significant deviation of the major QRS axis to the left.1:4.5 Thus, 
it would seem reasonable to postulate that true left axis deviation of 
AQRS in the presence of complete left bundle branch block reflects 
block within the anterior fascicles of the left bundle in addition to 
main left bundle branch block.! The purpose of this report is not to 
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FIGURE 1. Standard lead electrocardiogram from a patient with 
intermittent left bundle branch block. The arrows indicate nor- 
mal intraventricular conduction. The AQRS axis during left bun- 
dle branch block (LBBB) and normal intraventricular conduction 
(NIVC) is shown. 


deny that main left bundle branch block and left an- 
terior hemiblock may coexist but rather to indicate 
that the electrocardiographic diagnosis of this 
species of combined intraventricular block is unrelia- 
ble. Indeed, in some patients with left bundle branch 
block and true left axis deviation left anterior hemi- 
block was evident after restoration of normal intra- 
ventricular conduction. However, the diagnosis of 
left anterior hemiblock was possible only in retro- 
spect, that is, after restoration of normal intraven- 
tricular conduction. 

In contrast to previous reports,*> a report by Ro- 
senbaum et al.9 has shown that left bundle branch 
block may be associated with a marked shift of the 
ÁQRS axis to the left. Although the leftward shift of 
the AQRS axis during left bundle branch block in 
our 3 patients averaged only 18°, in each case the 
axis was located beyond —30° and therefore satisfied 
this usual criterion for the diagnosis of left anterior 
hemiblock. It should be pointed out that the degree 
of left axis deviation of AQRS necessary to render a 
reliable diagnosis of left anterior hemiblock has not 
been established. In most recent reports of the elec- 
trocardiogram or vectorcardiogram, or both, in left 
anterior hemiblock, left axis deviation of AQRS 
greater than —30° has been accepted as evidence of 
left anterior hemiblock.1:71° Rosenbaum et al.,® 
while recognizing that discrimination between ordi- 
nary left axis deviation and the left axis deviation of 
left anterior hemiblock is arbitrary, proposed —45° 
as the inferior limit of the AQRS axis in left anterior 
hemiblock. Nevertheless, in their recent report! of 5 
patients with intermittent left anterior hemiblock 
these same authors and their colleagues described 2 
patients considered to have left anterior hemiblock 
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FIGURE 2. Standard leads registered during left bundle branch 
block (A) and after restoration of normal intraventricular con- 
duction 7 hours later (B). The respective AQRS axes are shown. 


whose AQRS axis located at —30° and —35°, respec- 
tively. 

More marked leftward deviation of the AQRS axis 
during left bundle branch block than occurred in our 
patients might represent more convincing evidence 
of coexisting left anterior hemiblock. The fact that 
Rosenbaum et al. observed a shift of the AQRS axis 
as great as 160? during intermittent left bundle 
branch block makes it doubtful that even marked 
leftward deviation of this axis can be considered reli- 
able evidence of combined left bundle branch block 
and left anterior hemiblock. 





FIGURE 3. Standard leads registered during left bundle branme e 


block (A) and after restoration of normal intraventricular con- 
duction 12 hours later (B). The respective AQRS axes are 
shown. 
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CASE REPORTS 


BUE Wo NUT EA e arsit ne 


Tricuspid and Pulmonary Valve Obstruction Relieved 
by Removal of a Myxoma of the Right Ventricle 


JAMES ZAGER, MD A 30 year old woman complained of progressive fatigue and was 
J. ORSON SMITH, MD noted to have systolic and diastolic murmurs. At cardiac catheter- 
SIDNEY GOLDSTEIN, MD, FACC ization, pressure gradients were found across the tricuspid and pul- 
ROBERT H. FRANCH, MD, FACC monary valves. Selective angiocardiography demonstrated a large, 


Atlanta, Georgia mobile right ventricular intracavitary filling defect. Three months 

Tallahassee, Florida after surgical removal of a right ventricular myxoma, no evidence of 

Rochester, New York residual valve obstruction was noted on pressure pullback record- 
ings or cineangiocardiograms, and the cardiac output had doubled. 
Clinical improvement was good. 


Intracardiac myxoma originates almost exclusively in the atria. The 
absence of a case of right ventricular myxoma in recent reviews of 
cardiac tumors!-? confirms the rarity of the right ventricle as a site 
of origin for myxoma. In 13 reported cases of right ventricular myxo- 
ma, 7 patients had surgery, 1 had pre- and postoperative clinical and 
hemodynamic studies, and 1 had both tricuspid, and pulmonary 
valvular obstruction.? 


Case Report 


A 30 year old Caucasian housewife, employed as a medical secretary, had 
enjoyed good health except for neurofibromatosis of the vulva treated by 
hemivulvectomy at age 22 years. There was no family history for this disor- 
der. In March 1970, at age 29, she first noted increasing fatigue and short- 
ness of breath after her third pregnancy. In November 1970, while she was 
hospitalized for removal of a breast neurofibroma, a murmur was noted for 
the first time, and the diagnosis of Ebstein's anomaly was considered. In 
May 1971, dependent edema, extending to the waist and accompanied by 
fatigue and increasing dyspnea, developed over a 4 day period. She was 
treated with digitalis and diuretic agents. Prompt clearing of the edema 
and improvement of symptoms permitted her to resume work. 

On examination, at the time of her referral for cardiac catheterization in 
July 1971, she was in no acute distress. Her skin was heavily freckled; blood 
pressure was 100/70 mm Hg. The pulse rate of 120/min on inspiration de- 
creased to 80/minute on expiration. A large a wave, recorded in the neck, 
was followed by a steep systolic x descent and a bifid v wave. A left para- 
sternal impulse was present. An ejection click and persistent narrow splitting 


From the Department of Medicine, Emory of the second sound were noted. A grade 2/6 mid-systolic ejection murmur 
University School of Medicine and Emory was heard at the second left intercostal space at the left sternal border. A 
University Hospital, Atlanta, Ga., Section of low-pitched, presystolic murmur was audible in the fourth left intercostal 
Medicine, Tallahassee Memorial Hospital, space and tended to diminish on expiratory slowing of the heart rate (Fig. 
Tallahassee, Fla. and the Cardiology De- 1). The lungs were clear. There was no cyanosis, clubbing, edema or hepa- 
partment of Rochester General Hospital and tosplenomegaly. Hemoglobin was 15.8 g/100 ml. 

Rochester School of Medicine and Dentistry, The chest roentgenogram (Fig. 2A) showed an enlarged heart with clear 


Rochester, N. Y. This study was supported in 
part by U. S. Public Health Service Training 
Grant 1-712-HEO5731. Manuscript received 


lung fields. The electrocardiogram was interpreted as showing incomplete 
right bundle branch block, possible right ventricular hypertrophy and right 


atrial abnormality. 
5g ed 26. Joe ugesepte OS Pate At right heart catheterization, the following pressures were recorded in 
Address for reprints: Robert H. Franch, millimeters of mercury: right atrium a wave 20, v wave 14, mean value 99» , 
MD, FACC, 401 Woodruff Building, Emory right ventricle 70/5; pulmonary artery 17/7 and pulmonary arterial 
University Campus, Atlanta, Ga. 30322. wedge 8. There was a mean diastolic gradient of 8 mm Hg across the tricus- 
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FIGURE 1. Phonocardiogram recorded at the lower left sternal 
edge at a paper speed of 75 mm/sec (50-500 Hz, time lines 
0.04 second) showing ejection systolic (sm) and presystolic 
(psm) murmurs and ejection click (ec). 


pid valve and a peak systolic pressure difference of 53 mm 
Hg across the pulmonary valve. The arteriovenous oxygen 
difference was 7.6 volumes percent and cardiac index was 
1.7 liters/min per m?. The arterial oxygen saturation was 
98 percent. There was no evidence of intracardiac shunt- 
ing. 

Selective right atrial and right ventricular cineangiocar- 
diography demonstrated a massive mobile filling defect 
occupying the right ventricular cavity and impinging on 
beth the tricuspid and pulmonary valves (Fig. 3). Prompt 
operation was recommended and scheduled at the Roches- 
ter General Hospital in Rochester, New York, to enable 
the patient to be near her family. On August 5, 1971, with 
use of cardiopulmonary bypass, a large intracavitary right 
ventricular tumor originating from the lower interventri- 








cular septum on a broad-based pedicle measuring ap- 
proximately 1.5 by 0.5 em was removed. The mass ex- 
tended the length of the right ventricle and partially ob- 
structed both the pulmonary and tricuspid valves. After 
the excision the base of the pedicle was shaved down to 
include a portion of the underlying myocardium. The pa- 
tient tolerated the procedure well. 

The surgical specimen was divided into 3 sections, the 
largest measuring 7 by 5 by 3.5 cm. The color varied from 
deep red to glistening grey, yellowish-white and clear. The 
endocardium at the base of the tumor was white, opaque 
and thickened..The pedicle was attached to a wedge of 
right ventricular septal myocardium (Fig. 4). The micro- 
scopic sections revealed that the component cell was stel- 
late or elongated with an oval or round nucleus supported 
on abundant mucoid stroma, rich in hyaluronic acid. The 
pedicle was composed of dense fibrous tissue attached to 
endocardium and displayed fairly numerous large blood 
vessels. 

The postoperative hospital course was uneventful. In 
October 1971, corticosteroid drugs were administered for 
postpericardiotomy syndrome. In November 1971, the pa- 
tient returned to Emory University Hospital for reevalua- 
tion of her cardiac status. A prominent a wave was still 
present in the jugular venous pulse as was the marked ex- 
piratory slowing in heart rate. The second heart sound re- 
mained persistently split during expiration; the pulmo- 
nary and tricuspid murmurs were no longer present. The 
chest roentgenogram (Fig. 2B) revealed marked diminu- 
tion in heart size; the electrocardiogram demonstrated a 
shift in mean frontal axis from +90° to +45° but was oth- 
erwise unchanged. 

At right heart catheterization, the right atrial pressure 
values (millimeters of mercury) were a wave 7: v wave 6 
and mean value 5. The peak systolic pressure in the right 
ventricle had decreased from 70 to 27 mm Hg. The dia- 
stolic and systolic pressure differences across the tricuspid 
and pulmonary valves had disappeared. The patient’s car- 
diac index, which was 3.1 liters/min per m? at rest, rose 
to 5.9 during supine bicycle ergometer exercise with a 
work load of 66 watts. The cineangiocardiogram no longer 
demonstrated a right ventricular filling defect (Fig. 3). 
The patient was able to complete stage IV of a Bruce 
treadmill test. She terminated the exercise only because 
of fatigue in the left leg; the latter had been used for fem- 
oral arterial cannulation during open heart surgery. 

When last seen in April 1972, 8 months postoperatively, 
the patient had returned to full-time daily secretarial 


FIGURE 2. Posteroanterior chest roentgenograms. 
A, shortly before operation. B, 3 months after re- 
moval of right ventricular myxoma. 
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FIGURE 3. Pre- and postoperative 16 mm selec- 
tive right ventricular cineangiocardiograms. 


work and was again able to complete stage IV of the 
treadmill exercise test. 


Discussion 


In previously described cases of myxoma of the 
right ventricle, syncope,*.9-3 unexplained fever9-1? 
and roentgenographically visible calcium in the 
tumor®-13-14 have been reported. The most common 
murmur associated with right ventricular myxoma is 
that of right ventricular outflow tract obstruction. 
Our patient had murmurs suggesting both pulmonary 
and tricuspid valvular obstruction. During expiration, 
the loudness of these murmurs diminished, and the 
heart rate markedly slowed. Clicks,!? scratchy 
sounds? and rubs, often varying with body position,? 
have been ascribed to movement of the myxoma in 
the right ventricular outflow tract.8 In 1 patient, ex- 
ternal compression of the chest wall accentuated the 
rubbing sounds and induced ventricular tachycar- 
dia. In most reported cases of right ventricular 
myxoma, the electrocardiogram has shown right ven- 
tricular conduction delay. At cardiac catheterization, 
there may be evidence of obstruction at the pulmon- 
ic or the tricuspid valve. 

Differential diagnosis: The diagnosis may be 
overlooked if angiocardiography is not performed. The 
differential diagnosis of filling defects of the right 
ventricle is rather broad!? and includes the fol- 
lowing: cristal and trabecular hypertrophy secondary 
to valvular and infundibular pulmonic stenosis; an- 
eurysm of the ventricular septum with and without 
right ventricular outflow tract obstruction; right 
atrial myxoma prolapsing through the tricuspid 
valve; main pulmonary arterial myxoma originating 
from the pulmonary valvular ring!6; anomalous right 
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PRE-OPERATIVE 


POST-OPERATIVE 


ventricular muscular band;!* other cardiac tumors of 
the right ventricle including fibroma, sarcoma, rhab- 
domyoma, metastatic tumor and teratoma; pseu- 
dotumors such as tuberculoma, thrombus, abscess, 
cyst and hematoma; and idiopathic hypertrophy of 
the ventricular septum in hypertrophic cardiomyop- 
athy.18 

In contrast to right atrial myxoma, pulmonary 
embolus has not been reported in association with 
right ventricular myxoma. The common sites of ori- 
gin of right ventricular myxoma are, in order of fre- 
quency, the ventricular septum, usually near the 
pulmonary valve, the infratricuspid portion of the 





FIGURE 4. Detailed view of the tumor pedicle originating from 
the endocardium of the septum of the right ventricle; resecffft e 
myocardium is included; the body of the tumor has been re- 
moved. 
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septal surface and the free wall of the right ventricle. 
Right ventricular myxoma may be found incidentally 
at postmortem examination.19.20 

The association of vulvar and breast neurofibro- 
matosis with a tumor as rare as myxoma of the right 
ventricle may be circumstantial, but the possibility 
of a relation is intriguing. Roper et al.21 described 2 
patients with atrial myxoma who had benign breast 
tumors. 

Surgical treatment and prognosis: Once the di- 
agnosis of cardiac myxoma is established, prompt 


surgical intervention is mandatory since sudden 
death may occur.? In 6 of the 7 patients operated on, 
surgical removal of right ventricular myxoma has 
yielded excellent results. The long-term prognosis 
seems favorable. Although there have been no re- 
ports of recurrence of right ventricular myxoma, 3 
patients had a recurrence after the removal of a 
myxoma originating in the left atrium.22-24 In gener- 
al, most authors consider that reappearance of a car- 
diac myxoma is unlikely after proper surgical re- 
moval.1.25-27 
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The clinical course, genetic evaluation and pathologic findings of an 
infant with C/D chromosomal translocation and polyvalvular disease 
of the heart are presented. The concurrence of these rare conditions 
would suggest a pathogenetic relation, but a previous report of val- 
vular mucopolysaccharidosis in patients with trisomy 18 indicates a 
lack of specificity in this association. There was no evidence of a 
generalized disorder of the connective tissue in this patient. 


The heart is frequently malformed in patients with abnormal chro- 
mosomes. Ordinarily a common defect is found, such as ventricular 
septal defect or patent ductus arteriosus in trisomy 13 or 18 and aor- 
tic coarctation in XO Turner's syndrome.! A more specific associa- 
tion is observed in trisomy 21 (Down's syndrome or mongolism): An 
otherwise rare anomaly of the endocardial cushions, atrioventricula- 
ris communis, occurs in 28 to 36 percent of affected persons.? Re- 
cently, Bharati and Lev? described the unusual occurrence of poly- 
valvular disease in association with trisomy 18. The condition is 
characterized by an abundance of collagen and mucopolysaccharide 
ground substance in the valves, producing marked thickening. We 
recently observed polyvalvular mucopolysaccharidosis in an infant 
with a uniform pattern of 45 chromosomes and C/D translocation. 
The infant underwent cardiac catheterization at birth and again at 
age 5 months, just before death from progressive congestive heart 
failure and hypoxemia. The history, postmortem findings and the 
genetic evaluation are presented. 


Case Presentation 


The patient was a white female infant born to a 22 year old primipara. 
The pregnancy was complicated only by an episode of “flu” during the sec- 
ond month; labor and delivery were normal. Birth weight of the infant was 
3,940 g, and the Apgar score was 6 at 1 minute. The baby was limp, cyanot- 
ic and in severe respiratory distress on arrival in the newborn nursery. 
Marked edema, hepatosplenomegaly, rales throughout both lungs and a 
systolic murmur along the left sternal border were noted. The chest X-ray 
film showed severe enlargement of the heart and normal pulmonary vascu- 
lar markings; the electrocardiogram disclosed biventricular hypertrophy 
with S-T and T wave abnormalities. The congestive heart failure was par- 
tially controlled by administration of digoxin and ethacrynic acid, but per- 
sistent distress motivated transfer of the infant for further cardiovascular 
investigation. 

Cardiac catheterization, performed because of the strong possibility of 
transposition of the great vessels, revealed severe pulmonary arterial hyper- 
tension with right to left shunting through both an atrial communication 
and a patent ductus arteriosus (Table I). All chambers were dilated, and 
left ventricular contractility was poor. At this time, the diagnosis was respi- 
ratory distress syndrome with pulmonary arterial hypertension, right tOTefe 
shunting through normal fetal pathways and cardiac dilatation due to 
hypoxemia. 
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TABLE I 


Cardiac Catheterization Data 
(a EE a ME GE eae ERO US RR ERU. EA 
Age 3 Days (100% oxygen) Age 5 Months (room air) 


0, Sat. 0; Sat. 








Site — (76) Pressures (mm Hg) — (96) Pressures (mm Hg) 

IVC 70 Ja 35 

HSVC 68 48 

LSVC 67 46 

HRA 68 T 40 ae 

MRA 68 a 10; v8; m6 44 a10;v5;m5 

LRA 70 Ed 42 Saa 

RVB 67 105/10 54 110/6-10 

HRV 68 105/10 55 97/6-10 

MPA 68 75/35; m 47 60 93/56; m 73 

LA are a 10; v 12; m6 56 a6;v5; m5 

LV Py 85/12 66 106/4-6 

RUPV 96 bee 67 iud 

LA to RA No mean difference No mean difference 

LVtoLA ... No ED gradient No resting ED 
gradient but ED 
gradient of 8 after 
cineangiography 

RV to RA No ED gradient ED gradient of 3 


FA 78 Ne 53 rr 
Aras C UM T sc mca ies [oo Tbe ET s Za e: RM bn d 
IVC — inferior vena cava; HSVC, LSVC — high and low superior 
vena cava; HRA, MRA, LRA — high, middle and low right atrium; 
RVB — right ventricular body; HRV — high right ventricle; MPA — 
main pulmonary artery; LA — left atrium; LV — left ventricle; 
RUPV = right upper pulmonary vein; FA = femoral artery; 
8 = a wave; v = v wave; m = mean; ED = end-diastolic. 


The infant’s condition slowly improved, and she was 
discharged at age 2 weeks. Because of a high-arched pal- 
ate, low nasal bridge, cushingoid facies and marked hypo- 
tonia, chromosomal analysis was performed. There was no 
consanguinity in the parents, history of abortions or fami- 
ly history of congenital anomalies or other metabolic dis- 
eases. The father had received a moderate but unknown 
amount of X-irradiation as a child for the diagnosis of a 
solitary bone cyst of the distal femur. 





The infant was subsequently seen on 3 occasions until 
terminal admission at age 5 months. She remained hypo- 
tonic and made no efforts to turn over; head control was 
poor, and microcephaly became apparant. Hearing and vi- 
sion appeared normal. At age 4 months, a murmur of mi- 
tral insufficiency was first heard over the apex. Cyanosis 
and congestive failure increased during the last month of 
life. The infant was readmitted to University Hospital and 
underwent a second catheterization at age 5 months. This 
study (Table I) revealed persistent pulmonary arterial hy- 
pertension and severe arterial oxygen desaturation (femo- 
ral artery 53 percent). There was bidirectional shunting at 
the atrial, ventricular and great vessel levels. Cineangio- 
grams now revealed severe prolapse of the mitral valve 
and marked regurgitation. Contractility of the left ventri- 
cle remained poor. The day after catheterization, the in- 
fant had a cardiac arrest and could not be resuscitated. 


Postmortem Examination 


Autopsy was performed 7 hours after death. It revealed 
a female infant, 5,400 gram, 63 cm long, with microcepha- 
ly (head circumference was 37.6 cm which is less than 1 
percentile for this age, and brain weight was 550 g com- 
pared to the normal weight 725 g). The infant had a low 
nasal bridge, broad upper lip, high-arched palate and 
short sternum. The eyes were normal. The limbs were of 
normal length and appearance. Arm span between tip of 
each middle finger was 57 cm. Ascites and hepatospleno- 
megaly were present. The lungs were normal. 

Gross cardiac findings: The heart was double the nor- 
mal size, weighing 74 g, and all chambers were dilated 
and hypertrophied (Fig. 1). Systemic venous return was 
normal. The foramen ovale was patent with an orifice 
measuring 1.4 by 0.5 cm. The Eustachian valve was undu- 
ly prominent. The tricuspid valve was 4.0 cm in circum- 
ference; its 3 leaflets were composed of patulous, gelati- 
nous tissue. The septal leaflet was especially redundant 
and intruded into a ventricular septal defect, 1.1 cm in 
diameter, posterior and inferior to the crista supraventric- 
ularis (Fig. 1A). This hypertrophied endocardial tissue 
was continuous through the defect, lined the charinel and 
formed a thick rim on the left ventricular side (Fig. 1B). 
The right ventricular myocardium was 1.0 cm thick 
throughout; the endocardium was uniformly thick, opaque 
and pearly white. The conus was hypoplastic so that the 
pulmonic valve was seated immediately above a hypertro- 


FIGURE 1. Gross specimen of 
heart. A, the right side of the heart 
is opened, showing marked myo- 
cardial hypertrophy and sclerosis 
of the endocardium, with marked 
redundancy, opacification and fold- 
ing of the septal leaflet of the tri- 
cuspid valve. Extension of this ex- 
cessive cushion tissue into the 
ventricular septal defect can be 
seen (arrow). B, the outflow tract of 
the left ventricle is interrupted by a 
ventricular septal defect that is 
surrounded by thick, gelatinous en- 
docardial-cushion tissue continu- 
ous with the septal leaflet of the 
tricuspid valve, as seen in A. Redun- 
dancy of the thick noncoronary 
cusp of the aortic valve is visible 
just above the septal defect 
(arrow). 
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FIGURE 2. Histologic sections. A, 
tricuspid valve showing marked 
thickening by myxomatous ground 
substance. B, transverse section of 
proximal right coronary artery 
showing partial occlusion due to 
eccentric intimal thickening by 
acid mucopolysaccharides. (Colloi- 
dal iron stain X 50, reduced by 28 
percent.) 


phic crista. The valve measured 1.8 cm in circumference 
and was composed of 2 cusps, both of which were thick 
and folded. The pulmonary arteries were normal as far as 
they could be dissected into the lungs. 

Pulmonary venous return was normal. The left atrium 
was normal. The mitral valve measured 4.0 cm in circum- 
ference; its leaflets were normal in size but showed poly- 
poid elevations, thickening and opacification along the 
line of closure, extending in some areas to the free margin. 
Chordae tendineae and papillary muscles were normal, 
and the endocardium of the left ventricle was translucent 
and thin. The left ventricular myocardium, averaging 1.0 
cm in thickness, was uniformly brown and moderately 
firm. The aortic valve measured 3.5 cm in circumference; 
its 3 cusps were thick and opaque, the noncoronary cusp 
the largest and most redundant (Fig. 1B). The aorta and 


FIGURE 3. Karyotype of a quina- 
crine-stained metaphase spread 
from culture of peripheral blood 
lymphocytes. The long acrocentric 
chromosome (arrow, second row) 
is paired with a no. 9 chromosome 
whose banding pattern corre- 
sponds to its upper and mid por- 
tions. The remaining unmatched 
portion is similar in length and flu- 
orescent banding to the single no. 
14 chromosome* (arrow, third 
row). 





its coronary and other major branches were normal. The 
patent ductus arteriosus measured 0.9 cm in circumfer- 
ence and 1.0 cm in length. 

Microscopy of the heart: All 4 valves were diffusely 
thickened by large quantities of acid mucopolysacchar- 
ides, as revealed by colloidal iron stain (Fig. 2A). There 
was a minor increase in stellate fibroblasts and collagen 
fibers but no elastosis of the valves. The myxomatous 
ground substance was found throughout the full thickness 
of each valve. Identical material was present in the intima 
of proximal segments of both left and right coronary arte- 
ries, forming eccentric polypoid elevations into the lumen 
(Fig. 2B). Intramyocardial arteries and arterioles were 
normal. The right ventricular endocardium was thickened 
by masses of lamellated elastic and collagen fibers, with- 
out excessive mucopolysaccharides. The sclerosis extended 
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irregularly along intramyocardial sinuses into the inner 
third of the right ventricle, and the myocardium in these 
areas was atrophic. 


Genetic Studies 


Methods: Chromosomal preparations were obtained 
from capillary blood and harvested after 72 hours by stan- 
dard procedures. Skin fibroblasts were cultured for 25 
days in Dulbecco’s medium supplemented with 15 percent 
fetal calf serum in a 10 percent carbon dioxide atmo- 
sphere. After exposure to a mitotic-arresting agent, the fi- 
broblasts were suspended by trypsin, exposed to hypotonic 
treatment and, after fixation, were air-dried on slides and 
stained. Quinacrine dihydrochloride (500 mg/100 ml) was 
used to demonstrate fluorescence of chromosomes. For 
fluorescent illumination, quinacrine-stained metaphase 
cells were visualized in a Zeiss Photoscope II fitted with 
an HBO 200 mercury burner using base illumination with 
a fluorocein iso-thiocyanate (FITC) exciter filter. Emitted 
fluorescent light was visualized and photographed at wave 
lengths above 530 my with a vertical mounted Leica camera 
using Pan X film. 

Results: Cells cultured from the skin and peripheral 
blood of the infant were uniform in karyotype. They had a 
chromosomal count of 45, with a missing chromosome in 
the C and D groups. A large acrocentric chromosome, 
morphologically comparable to a member of the B group 
but larger than the no. 1, was found in every cell. The flu- 
orescent banding pattern with quinacrine staining (Fig. 3) 
showed that the missing chromosomes were a no. 9 from 


‘the C group and a no. 14 from the D group.‘ On the basis 


of its banding pattern, the large acrocentric marker was 
derived from the 2 missing chromosomes with apparently 
very little loss of chromosomal material. With the excep- 
tion of the centromeric region of the no. 14 chromosome, 
the overall length was additive, and no visible bands were 
missing. Fusion appeared to have occurred between the 
ends of the long arms of the no. 9 chromosome and the 
paracentric region of the long arms of the no. 14 chromo- 
some. 

Standard and fluorescent analysis of lymphocyte meta- 
phases from both parents failed to reveal evidence of chro- 
mosomal translocation, although cells from the father 
showed a higher than normal rate of random breakage, 
rearrangement and chromosomal loss on 2 occasions. 

Supplementary studies included dermatoglyphic analy- 
sis of all 3 members of the family. The infant had no ab- 
normal creases and a combined atd angle of under 100. 
We did not obtain fingerprints adequate for accurate ridge 
counts. Patterns from both parents were within normal 
limits. 


Discussion 


Deposition of excess acid mucopolysaccharides in 
endocardial tissue occurs in the generalized connec- 
tive tissue disorders, Hurler’s syndrome and Mar- 
fan’s syndrome,? as well as in isolated instances 
sometimes interpreted as forme frustes of the gener- 
alized conditions.® Hurler's syndrome is the prototy- 
pic mucopolysaccharide storage disease and may be 
due to deficient catabolism of dermatan and heparin 
sulfate and cerebral gangliosides by lysosomal beta 
gatactosidase’; the heart is diffusely involved, and 
mucopolysaccharides are found within fibrocytes of 
the myocardium, pericardium and coronary arteries 


as well as the endocardium.® Collagen fibers are ex- 
cessive and hyalinized and may impinge on the con- 
ducting system. Endocardial fibroelastosis has also 
been observed.!? The pathogenesis of mucopolysac- 
charide deposition in Marfan’s syndrome is not un- 
derstood. This disease clearly involves abnormalities 
of collagen synthesis or organization since there is 
excessive urinary excretion of hydroxyproline, but it 
is not known whether the excessive ground substance 
found in sites of vascular injury is secondary to fiber 
deficiencies or part of the primary process involving 
fibroblast function.!! In any case, fibromyxomatous 
thickening of the heart valves is very common, espe- 
cially on the ventricular surfaces,!9 although clini- 
cally this finding is less significant than the associ- 
ated medial degeneration and aneurysms of the 
aorta.1?.13 Neither Hurler’s nor Marfan’s syndrome 
is associated with specific chromosomal abnormali- 
ties, although there have been some disputed reports 
of giant satellites on chromosomes 13 and 21 in Mar- 
fan's syndrome.5 

None of the 9 patients with myxomatous transfor- 
mation of the aortic or mitral valves described by 
Read et al.9 had the clear-cut features of Marfan's 
syndrome, although several components of the syn- 
drome, including high-arched palate, hypermobile 
joints and long arm span, were observed. Read et al. 
concluded that their cases, as well as several others 
reported, might be examples of an incompletely 
manifest Marfan's syndrome. In their series, the mi- 
tral valve was affected in female patients and the 
aortic valve in male patients, a finding that is also 
characteristic of rheumatic endocarditis and other 
valvular afflictions. In no case were all 4 valves af- 
fected. 

Bharati and Lev? described  multivalvular 
mucopolysaccharidosis in 23 patients with no evi- 
dence of generalized connective tissue disease. Four 
of the patients had an unspecified type of glycogen 
storage disease, presumably type 2 or Pompe’s dis- 
ease, and 4 had karyotypic confirmation of trisomy 
18. An additional 12 patients had the clinical fea- 
tures of trisomy 18, but chromosomal studies were 
not performed. Fourteen cases were associated with 
shunts, 2 with obstructions, 8 with both shunts and 
obstructions and 1 with neither. Tricuspid and pul- 
monic valves were the most commonly involved, fol- 
lowed by the mitral valve and aortic valves. 

Our patient displayed none of the stigmata of 
Hurler’s syndrome and the only suggestion of Mar- 
fan’s syndrome was a high-arched palate. The depo- 
sition of mucopolysaccharides was confined to the 4 
cardiac valves, a small subendocardial region of the 
interstitial myocardium and a proximal segment of a 
coronary artery. There was associated endocardial 
fibroelastosis of the right ventricle and a large ven- 
tricular septal defect. Thus, our case falls into the 
most common pattern of polyvalvular disease ob- 
served by Bharati and Lev. However the chromo- 
somal findings in our patient did not involve trisomy 
18 but instead consisted of a C/D translocation, in- 
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volving no. 9 and no. 14 chromosomes. Hence, to 
suggest a pathogenetic relation between endocardial 
mucopolysaccharidosis and imbalance of a particular 
chromosome would appear inappropriate. 

Nature of chromosomal translocation: The 
translocation was a tandem fusion involving the 
telomeric ends of the long arms of a no. 9 chromo- 
some and the centromeric region of a no. 14 chromo- 
some. The overall incidence of major structural rear- 
rangements in several surveys of newborn infants is 
approximately 1/700 live births. Approximately 75 
percent of cases are Robertsonian (that is, involving 
centric fusion of acrocentric chromosomes). Hamer- 
ton,!4 in a review of 76 nonRobertsonian transloca- 
tions, found only 1 case with chromosomal findings 
similar to those of our patient; that instance of C/D 
translocation was seen in an aborted fetus with mul- 
tiple congenital malformations. 

The structural rearrangements result from break- 
age and reunion of chromosomes. They may be bal- 
anced or unbalanced, depending on whether the re- 
ciprocal chromosome or fragment is present. If the 


reciprocal chromosome is lost, the resulting genetic: 


imbalance can produce phenotypic malformation. In 
our patient, there was little loss of chromosomal ma- 
terial in terms of overall length or visible fluorescent 
bands. The centromeric region of the no. 14 chromo- 
some and its short arms were missing and there was 
possibly a small deletion near the end of the long 


arm of the no. 9 chromosome. From many case re- 
ports of Robertsonian translocations, it is evident 
that loss of the centromeric regions of D group chro- 
mosomes does not result in phenotypic aberration. 
Therefore, the clinical features in our case were due 
to a small deletion in the no. 9 chromosome or repre- 
sented an unusual response to “chromosomal imbal- 
ance.” A third possibility is that the chromosomal 
translocation was a chance association with the clin- 
ical findings and was not causally related. 

Relation of chromosomal abnormalities and 
cardiac malformations: Clinically, this infant with 
proved C/D translocation had few phenotypic abnor- 
malities, as might be expected since so little chromo- 
somal loss occurred. The microcephaly and hypoto- 
nia may have been related to the chromosomal disor- 
der but may also have been secondary to anoxia at 
birth. The cardiac malformations were unusual and 
complex and, although the relation between chromo- 
somal abnormalities and polyvalvular disease re- 
mains uncertain, it seems apparent that the polyval- 
vular mucopolysaccharidosis need not reflect a spe- 
cific chromosomal abnormality. The cardiac disease 
was progressive in our patient, and severe mitral 
insufficiency developed by age 4 months. It is likely 
that the persistent pulmonary arterial hypertension 
reflected a continuance of the high level of fetal vas- 
cular resistance in response to the congestive heart 
failure and the associated shunts. 
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A case of subacute bacterial endocarditis occurring in a congenital 
bicuspid aortic valve in a 17 year old boy is presented. The infection 
secondarily involved the mitral-aortic intervalvular fibrosa, the junc- 
tional zone between the mitral and aortic valves. Perforation of this 
zone, with extension of infection and blood into the epicardial wedge 
overlying the fibrosa, resulted in the formation of a false aneurysm 
situated at the base of the left ventricle between the aorta and the 
left atrium. Rupture of the aneurysm with hemorrhage into the peri- 
cardial cavity resulted in death from cardiac tamponade. 


Rupture of the heart due to an erosive mycotic aneurysm into the 
pericardial cavity is rare. Available reports suggest that the frequen- 
cy of this cause of cardiac rupture is a little less than 1 percent of 
that of all other causes of rupture.! In this report we describe a case 
of subacute bacterial endocarditis involving the aortic valve with 
secondary infection of the mitral-aortic intervalvular fibrosa, the 
junctional zone between the aortic and mitral valve. Perforation of 
this zone resulted in the formation of a false aneurysm interposed 
between the aorta and left atrium, and its subsequent rupture led to 
cardiac tamponade and death. 


Case Report 


Clinical history: The patient, a 17 year old Caucasian boy, was well 
until the summer of 1971, when fatigue and intermittent fever developed. 
In the interval between the onset of the illness and admission to the hospi- 
tal on November 12, 1971, he lost approximately 15 Ib in weight. During the 
2 weeks before admission he had developed a nonproductive cough and 
noted some discomfort in the region of the left Achilles tendon. There was 
no past history of rheumatic fever, and he had no antecedent cardiovascular 
symptoms. 

On physical examination he appeared pale and ill. On admission, tem- 
perature was 38.5 C and pulse rate 90 beats/min; rhythm was sinus, and 
blood pressure was 140/70 mm Hg. A short systolic ejection murmur heard 
in the aortic area was not transmitted to the neck; no diastolic murmur was 
noted. The splenic tip was just palpable. There were no other positive phys- 
ical findings; the optic fundi appeared normal, and no splinter hemorrhages 
or Osler nodes were observed. 

Laboratory studies on admission revealed the following values: hemoglo- 
bin 11.2 g/100 ml and white blood cell count 11,600 mm3, with 69 percent 
neutrophils, 11 percent bands, 1 percent eosinophils, 11 percent lympho- 
cytes and 3 percent monocytes. Sedimentation rate was 81 mm in 1 hour, 
and platelet count was 430,000/mm3. The blood showed no specific changes 
other than a shift to the left in the neutrophils. Urinalysis revealed 2 to 3 
erythrocytes/high power field. Results of serum biochemistry studies were 
within normal limits, and the electrocardiogram revealed no abnormality. 
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FIGURE 1. Gross photograph of the heart viewed anteriorly. 
Note the large oval shaped false aneurysm (arrow) lying be- 
tween the aorta and the left atrial appendage. 
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The combination of fever, heart murmur, splenomegaly 
and microscopic hematuria suggested infective endocardi- 
tis. Blood cultures revealed a growth of streptococci (strep- 
tococcus viridans). Other studies performed on admission 
included antistreptolysin O titer, latex fixation and lupus 
erythematosus cell tests, all of which were noncontributory. 
The serum albumin level was depressed at 3.17 g/100 ml. 
Serum globulin values were alpha; globulin 0.4, alphag 
(slightly increased) 1.20, beta globulin (slightly increased) 





FIGURE 2. Internal view of the left ventricular cavity showing 
the bicuspid aortic valve. Slight thickening and nodulation is 
present along the commissure. A triangular defect (arrow) rep- 
resenting the opening of the false aneurysm into the left ventri- 
cle is seen just below the junction of the 2 valves. The anterior 
leaflet of the mitral valve appears normal. The opening of this 
aneurysm is situated in the mitral-aortic intervalvular fibrosa, the 
junctional zone between the mitral and aortic valves. 


1.25, and gamma globulin (marginally increased) 1.16 g/ 
100 ml. 

Course in hospital: On November 19, intravenous pen- 
icillin therapy was initiated. At this time the patient’s 
oral temperature was 38.5 C; on the following day it be- 
came normal and remained normal. On November 28, a 
painful tender swelling developed over the medial sidegof 
the right ankle, and an aortic diastolic murmur was heard 
in addition to the previously noted systolic murmur. On 
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FIGURE 4. Gross appearance of the heart through the posterior aortic cusp. Pa- 
tient's heart on the left, normal heart on right. Note the large aneurysmal sac 
lying between the aorta and the left atrium in the space normally occupied by a 
wedge of epicardial fatty tissue. The opening of the sac (arrow, left) into the 
ventricular cavity is in the region of the mitral-aorta intervalvular fibrosa (arrow, 
right). A = aorta; LA = left atrium; MV = mitral valve; S = aneurysmal sac; X 
= epicardial wedge. 
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FIGURE 5. Gross specimen through the aneurys- 
mal sac (left) compared with the normal sac 
(right), showing the perforation of the mitral-aortic 
intervalvular fibrosa (arrow). A = aorta: AC = an- 
eurysmal cavity; LA = wall of left atrium; MAIVF 
= mitral-aortic intervalvular fibrosa; PL = posterior 
leaflet. aortic valve. 





FIGURE 6. Left, histologic section of the false 
aneurysm lying between the aorta and the 
wail of the left atrium in the region normally 
occupied by an epicardial wedge of fatty 
tissue. Right, normal histologic section 
through the posterior leaflet of aortic valve. 
(Elastic stain X3, reduced by 24 percent.) 

= aorta; LA = wall of left atrium; MAIVF = 
mitral-aortic intervalvular fibrosa; MV = ante- 
rior leaflet, mitral valve; PL = posterior leaflet, 
aortic valve; X = epicardial wedge of fatty 
tissue. 
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December 14, the patient experienced epigastric distress 
and vomited some coffee ground-like material. Surgical 
consultation was obtained but no specific findings were 
noted, and the patient’s condition stabilized without ex- 
planation. The possibility of a mesenteric embolus was 
considered. A chest X-ray film obtained on December 18 
revealed an increase in cardiac size and a cardiothoracic 
ratio of 15.7/30.4. A previous film obtained on November 
29 had shown normal heart size and a cardiothoracic 
ratio of 13/29.4. The patient was afebrile and asymptom- 
atic, but cardiac arrest occurred the following day, and 
attempts at resuscitation were unsuccessful. 

Autopsy findings: The body was that of a 17 year old, 
well developed Caucasian boy, weighing 135 Ib. The peri- 
cardial cavity contained approximately 700 ml of fresh 
blood mixed with a few clots. The source of this blood was 
a ruptured false aneurysm at the base of the left ventricle, 
between the aorta and the left atrium, and adherent to 
the adjoining structures (Fig. 1). The aneurysmal sac was 
oval and measured 5 by 3 cm. The heart weighed 300 g. 
The tricuspid, pulmonary and mitral valves were normal. 
The aortic valve was bicuspid; both cusps were slightly 
thickened and showed some nodulation near the commis- 
sures. A triangular defect measuring 1 cm across the base 
lay immediately below the junction of the 2 cusps. It rep- 
resented the mouth of the aneurysm, which had smooth 
and glistening edges (Fig. 2). The uppermost part of the 
aneurysmal wall was only 0.2 cm thick; it had a ragged 
tear, approximately 0.5 cm long, representing the site of 
rupture and hemorrhage. The lining of the sac was gener- 
ally smooth with a few grayish to yellow streaks and 
thickened plaques on the surface. 

Microscopically, the wall of the aneurysm consisted of 
rather vascular cellular connective tissue containing neu- 
trophils, lymphocytes, plasma cells and histiocytes (Fig. 
3A). The sac was adherent to the epicardial surface of the 
left atrium and the adventitia of the ascending aorta, 
being attached by newly formed fibrous tissue rich in 
small capillaries and inflammatory cells. A few small ar- 
teries and arterioles were also present; they showed 
marked luminal narrowing due to muscular and intimal 
hyperplasia. There were numerous aggregates of hemosid- 
erin pigment within the wall of the aneurysmal sac, indic- 
ative of old hemorrhage (Fig. 3B). The lining of the sac 
was composed of fibrin-staining material. The aortic valve 
showed organization of fibrinous exudate on the surface. 
No bacteria were noted. 

Examination of the remainder of the heart revealed no 
abnormality. The coronary ostia were patent and normally 
located in the sinuses of Valsalva. There was no evidence 
of thrombosis or stenosis of the coronary arteries. No stig- 
mata of rheumatic heart disease were seen. Additional au- 
topsy findings were congestive enlargement of the spleen 
(weight 440 g) and healed focal “embolic” glomerulone- 
phritis. 


Comment 

False aneurysms of the left ventricle are rare and 
have been described after trauma,? myocardial in- 
farction,? and infections.1:4.° Occasionally, these 
may be of congenital origin. The false aneurysm in 
our patient occurred in a site rare for this lesion—the 
mitral-aortic intervalvular fibrosa,9." the junctional 
zone of the aortic and mitral valves. 

To appreciate the formation and anatomic rela- 
tions of the aneurysm, it is essential to examine à 
similar site in the normal heart (Fig. 4 to 6). Nor- 
mally, the left half of the posterior (noncoronary) 
aortic cusp and the adjacent third of the left aortic 
cusp are continuous with the anterior leaflet of the 
mitral valve. This area is the only part of the aortic 
wall that is not connected with the ventricular por-. 
tion of the heart; instead, the aorta is connected 
with the base of the anterior mitral leaflet. This 
junctional zone between the 2 valves is formed by fi- 
brous tissue called the mitral-aortic intervalvular fi- 
brosa.2°6 The site is covered by a wedge of epicardial 
fatty tissue separating the outflow tract of the left 
ventricle from the pericardial cavity. Infection with 
subsequent perforation of this area could easily re- 
sult in (1) hemorrhage and infection extending into: 
the epicardial wedge with evagination of the struc- 
tures, and (2) formation of a false aneurysm between 
the aorta and the left atrium. 

Cases similar to ours have previously been de- 
scribed.1.5.6 The histologic appearance of the aneu- 
rysmal sac in each of these cases was similar to that 
reported in our patient, that is, vascular connective 
tissue contained inflammatory cells with evidence of 
prior hemorrhage, thereby suggesting that infection 
and slow hemorrhage in the epicardial wedge re- 
sulted in formation of the false aneurysm. Eventual- 
ly, as in our patient, the false aneurysm may rupture 
into the pericardial cavity, because of the high level 
of pressure in the left ventricle. 

Our patient had a congenital bicuspid aortic valve, 
and the possibility exists that a congenital weakness 
in the area of the mitral-aortic intervalvular fibrosa 
resulted in perforation. Although this possibility 
cannot definitely be excluded, the histologic appear- 
ance of the aneurysmal sac suggests an inflammatory 
basis for the perforation at the intervalvular fibrosa. 
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Myotonic dystrophy has a high incidence of electrocardiographic ab- 
normalities in the absence of clinical heart disease; the most com- 
mon are atrioventricular and intraventricular conduction defects. The 
few pathologic studies of hearts from patients with myotonic dystro- 
phy have not been helpful in determining the site of conduction 
delay. A father and son with myotonic dystrophy and conduction de- 
fects were studied with the use of His bundle electrocardiograms to 
determine the physiologic site of these disturbances. The father 
demonstrated H-V prolongation, Wenckebach phenomenon in the 
left bundle branch and spontaneous as well as pacing-induced type 
I! (Mobitz II) A-V block, all of which signify marked impairment of 
His-Purkinje conduction. In the son, A-V nodal, intra-His bundle 
and infra-His bundle conduction delays were manifested by pro- 
longed A-H and H-V intervals and a broad His deflection. This study 
confirms the usefulness of His bundle electrocardiograms in deter- 
mining the site of conduction disturbances. 


Myotonic dystrophy (Steinert's disease, myotonia atrophica) is a 
heredofamilia! disease (autosomal dominant) characterized by weak- 
ness and atrophy of distal muscles, gonadal atrophy, early balding, 
cataracts and the presence of reflex and percussion myotonia. A high 
incidence (45 to 100 percent)1-14 of electrocardiographic abnormali- 
ties has been found in patients with myotonic dystrophy who other- 
wise have no evidence of cardiac dysfunction. The most common ab- 
normalities noted are atrioventricular and intraventricular conduc- 
tion defects. Pathologic studies4-5.8-10,15-17 are insufficient and have 
not been helpful in elucidating the pathophysiologic site of these 
conduction disturbances. The purpose of our study was to localize 
the physiologic site of conduction defects with the use of His bundle 
electrograms in 2 members of a family, father and son, with myoton- 
ic dystrophy. 


Materials and Methods 


His bundle electrograms were obtained according to methods previously 
described!8 after informed consent was obtained. The A-H interval as mea- 
sured in the His bundle electrogram was taken as a measure of conduction 
through the A-V node (normal 60 to 140 msec), and the H- V interval was 
taken as a measure of conduction through the His-Purkinje system (normal 
35 to 55 msec). The normal duration of the His bundle deflection is 10 to 20 
msec. The right bundle branch potential, which is 5 to 10 msec in duration 
and immediately follows the His bundle deflection, precedes the onset of 
ventricular depolarization by 20 to 25 msec. Refractory periods were mea- 
sured in 1 patient (Case 2) with the use of the extrastimulus method? at 
paced atrial cycle lengths to avoid the effect of changing cycle length on re- 
fractoriness. With the use of a programmed digital stimulator (FBN Elec- 
tronics, Philadelphia) which delivered rectangular impulses of 1.5 msec du- 
ration at twice diastolic threshold, progressively premature atrial depolar- 
izations (Az) were introduced after every eighth paced atrial beat (A) until 
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FIGURE 1. Case 1. Serial electrocardio- 
grams. See text. 


the effective refractory period of the atrium was reached. 
Time lines were generated at 10 and 100 msec. The effec- 
tive refractory period of the atrium is defined as the lon- 
gest Sı-S2 interval at which Sz fails to evoke atrial depo- 
larization, Sa being the stimulus artifact. The effective 
refractory period of the A-V node is defined as the longest 
A.A interval which fails to conduct to the His-Purkinje 
system. The functional refractory period of the A-V node 
is defined as the shortest Hı-Hə interval resulting from 
any 2 consecutive atrial depolarizations. Data were stored 
on magnetic tape (North American Phillips Tape Record- 
er, Shelton Conn.) and later retrieved at paper speeds of 
100 to 200 mm /sec. 


Case Histories 
Case 1. 


The father, a 47 year old man, was first seen at our hos- 
pital in 1968 with pain in the lower back and weakness. 
Findings on physical examination at that time were char- 
acteristic of myotonic dystrophy: distal weakness and at- 
rophy of all 4 limbs, weakness of respiratory musculature, 
frontal balding, cataracts, atrophic testes, slow mentation 
and percussion myotonia. Cardiovascular examination was 
normal. Chest roentgenograms revealed a normal-sized 
heart with elevated diaphragm. Results of pulmonary 
function tests and blood gas determinations were compat- 
ible with alveolar hypoventilation secondary to impair- 
ment of respiratory musculature. 


FIGURE 2. Case 1 Spontaneous A 
Wenckebach block in the left bun- 
dle branch. Recordings from top to 
bottom are leads |, Il, HI, high 
right atrial electrogram, (HRA), His 
bundle electrogram (HBE) and 
time lines (T) recorded at a paper T 
speed of 100 mm/sec. See text. e 
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The electrocardiogram (Fig. 1A) revealed a heart rate of 
75 beats/min with a prolonged P-R interval (0.24 sec), left 
anterior hemiblock and an intraventricular conduction de- 
fect. One week later, the patient was seen for shortness of 
breath and weakness. Physical examination was unchanged. 
Chest roentgenogram and lung scan were negative. The 
electrocardiogram (Fig. 1B) at that time showed develop- 
ment of right bundle branch block in addition to the left 
anterior hemiblock and prolonged P-R interval. Over the 
next 3 years progressive weakness and shortness of breath 
were noted. In July 1971, he was admitted to the hospital 
because of severe shortness of breath, and an electrocardio- 
graphic examination showed 2:1 A-V heart block, left an- 
terior hemiblock and prolonged P-R interval with a ventric- 
ular rate of 48/min (Fig. 1C). The patient was normotensive 
but had basilar rales and distended neck veins. No murmurs 
or gallops were noted. There was moderate ankle edema. At 
catheterization a temporary transvenous pacemaker was 
placed in the right ventricular apex, and after stability and 
good capture was assured, the patient’s conduction system 
was studied. 

Electrophysiologic studies: Spontaneous Wenckebach 
in the left bundle branch was noted (Fig. 2). In the first beat 
there was an H-V interval of 90 msec, and left anterior 
hemiblock was present. The H-V interval was gradually 
prolonged (beats 2 to 4) until complete left bundle branch 
block developed with an H-V interval of 110 msec. The in- 
crease in the H-V interval suggested that bilateral bundle 
branch disease was present and that the left bundle branch 
was more severely involved. The A-H interval remained 
constant at the upper limits of normal at 140 msec. Atrial 
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FIGURE 4. Case 1. Production of simulta- 
neous type | and type II A-V block by atrial 
pacing. The recordings are the same as in 
the previous figure. The patient is being 
paced at a cycle length (CL) of 500 msec. 
The first atrial beat is conducted to the ven- 
tricles with a left bundle branch block con- 
figuration, and an A-H interval of 195 msec 
and H-V interval of 100 msec. The second 
atrial beat fails to conduct to the ventricles, 
the block occurring within the His-Purkinje 
System. The A-H interval of the second beat 
has prolonged to 300 msec. The third beat 
also fails to conduct to the ventricles, but the 
Site of block is now the A-V node. The 
fourth beat starts another Sequence. Thus 
both type | (A-V nodal Wenckebach, Mobitz 
!) and type II (Mobitz I) block were pro- 
duced by atrial pacing. 


ilt 
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FIGURE 5. Case 2. Electrocardiogram. 








FIGURE 3. Case 1. Production of 
type II A-V block during atrial 
pacing. The recordings from top to 
bottom are leads, |, |l, IIl, high 
right atrial electrogram, His bundle 
electrogram and time lines record- 
ed at a paper speed of 150 mm/ 
sec. The patient is being paced at 
a cycle length (CL) of 700 msec, 
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Nice ee and the first 3 beats show constant 
i 


“A H V A-H and H-V intervals of 165 and 


95 msec, respectively, with a left 
| Sae bundle branch block configuration. 
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duct to the ventricles, and the His 
bundle electrogram demonstrates 
block occurring within His—Purk- 
inje system. This is type || (Mobitz 
I1) A-V block. 


caves 





pacing at a cycle length of 700 msec resulted in sudden 
block within the His-Purkinje system (Fig. 3). When the 
paced cycle length was shortened to 500 msec, simultaneous 
A-V nodal Wenckebach block and block within the His- 
Purkinje system were noted (Fig. 4). After a temporary de- 
mand pacemaker was left in place the patient intermit- 
tently manifested left bundle branch block with prolonged 
P-R interval (Fig. 1D). 

A permanent demand pacemaker was implanted 1 week 
later. Since his discharge the patient has been slightly less 
short of breath and he occasionally functions with normal 
sinus rhythm. Pulmonary function tests show a slight deter- 
ioration with hypercapnia and hypoxia at rest. 


Case 2 


This patient is the 19 year old son of Patient 1. He has 
had symptomatic myotonia since the age of 12 but has no 
weakness or other symptoms. Physical examination was 
negative except for slight muscular atrophy and severe 
myotonia of his upper limbs. His strength was well pre- 
served. Cardiovascular examination was within normal 
limits. An electrocardiogram showed prolonged P-R inter- 
val with an intraventricular conduction defect and ab- 
sence of a Q wave in lead I (Fig. 5). 

Electrophysiologie studies: These studies revealed 
prolongation of conduction time within the A-V node and 
the His-Purkinje system (Fig. 6). In addition, the His 
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FIGURE 6. Case 2. His bundle electrocar- 
diograms. The recordings from top to bottom 

are leads |, II, Ill, V1, high right atrial elec- 
trogram, His bundle electrogram and time 1 
lines recorded at a paper speed of 150 
mm/sec. An intraventricular conduction de- 
fect is present with first degree A-V block. 
The A-H and H-V intervals are prolonged to 
155 and 65 msec, respectively, demonstrat- 
ing impaired A-V nodal and His-Purkinje 
conduction. In addition, the His bundle po- 
tential, which is clearly separate from the 
right bundle (RB) potential, is 30 msec in 
duration, thereby suggesting intra-His con- 
duction delay. The time from the right bundle 
to the ventricle is 35 msec, which is slightly 
prolonged. 


bundle deflection measured 30 msec in duration indicat- 
ing intra-His bundle conduction delay. The interval from 
the right bundle potential to ventricular depolarization 
was also slightly prolonged (35 msec). Furthermore, atrial 
pacing induced Wenckebach block of the A-V node at the 
low rate of 100 beats/min. Studies of the refractory period 
were performed at a paced atrial cycle length of 900 msec. 
The effective refractory period of the atrium was 230 msec 
and that of the A-V node was 375 msec; the functional re- 
fractory period of the A-V node was 550 msec. All of these 
findings are normal. The refractory period of the His- 
Purkinje system could not be measured. The patient has 
had no further electrocardiographic changes since this 
procedure and remains asymptomatic except for myo- 
tonia. 


Discussion 


In a recent review of the literature Church? found 
electrocardiographic abnormalities in 202 of 236 re- 
ported cases of myotonic dystrophy. The most com- 
mon were prolonged P-R interval (89 cases), intra- 
ventricular conduction disturbances (83 cases) and 
left axis deviation (45 cases). Other reported electro- 
cardiographic changes have been atrial arrhythmias, 
especially atrial flutter and fibrillation, sinus brady- 
cardia, nonspecific S-T and T wave changes, com- 
plete heart block and pseudoinfarction patterns.1 14 
Despite the high percentage of electrocardiographic 
abnormalities, clinical heart disease is unusual; the 
incidence of heart failure being 7 percent in l se- 
ries.10 

The pathophysiologic site of the conduction distur- 
bances in this disease has not previously been deter- 
mined. The few pathologic reports available mainly 
stress myocardial lesions including fatty infiltra- 
tion,^.9.10.15 increased interstitial tissuet.9.7-9.15.17 
.and vacuolization of the sarcoplasmic reticulum.1$ 
There are only 2 reports of the pathology of the con- 
ducting system in myotonic dystrophy. Thompson?" 
showed mild fibrosis of the A-V node, minimal pat- 
chy fibrosis of the right bundle branch and a normal 
main left bundle branch; at no point was the His- 
Purkinje system completely disrupted. Cannon? 
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RB |: 300 msec 


showed minimal fibrosis of the A-V node and a nor- 
mal His-Purkinje system in a patient with A-V 
block. He suggested that there was no anatomic 
basis for the electrocardiographic abnormalities seen, 
in this disorder. 

His bundle electrocardiography has made it possi- 
ble to localize more precisely the site of conduction 
disturbances.2°24 The natural history of Case 1 
strongly suggests trifascicular block,25 and His bun- 
dle electrograms localized the site of block to the 
His-Purkinje system. This patient showed spontane- 
ous Wenckebach phenomenon in the left bundle 
branch as well as evidence of bilateral bundle branch 
delay manifested by a markedly prolonged H-V in- 
terval. In addition, atrial pacing provoked typical 
type II (Mobitz II) second degree A-V block. 

Case 2 demonstrated a prolonged conduction time 
through the A-V node (A-H interval 155 msec). Ín 
this patient, A-V nodal Wenckebach block also de- 
veloped at a relatively low paced atrial rate of 100/ 
min, thus further suggesting impaired A-V nodal 
function. In addition, intra-His and infra-His bundle 
conduction delay was also demonstrated. 

Thus, although pathologic studies of the conduc- 
tion system in myotonic dystrophy as noted earlier 
showed minimal changes, His bundle electrograms 
showed functional impairment of the A-V node, His 
bundle and His-Purkinje system in our patients. The 
effects of chronic hypoxia, hypercapnea and respira- 
tory acidosis, which are not uncommon in the course 
of myotonic dystrophy, may play a role in the devel- 
opment of some of the conduction disturbances and 
arrhythmias noted in this disorder. Further electron 
microscopic and metabolic studies might reveal more 
subtle abnormalities that would explain the func- 
tional defects noted. 
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Two cases of abnormalities in development of the left ventricular 
wall (left ventricular aneurysm or diverticulum) are presented. In 1 
case the defect was an isolated finding in an otherwise asymptomat- 
ic child. In the second, the malformation was associated with mid- 
line thoracoabdominal defects in a middle-aged man. Both patients 
had the diagnosis confirmed by cardiac catheterization and angiog- 
raphy and underwent successful surgical correction of the abnor- 
mality. The clinical, angiographic and pathologic characteristics of 
congenital diverticulum and aneurysm of the heart are reviewed, 
and an attempt is made to clarify the concept of congenital aneu- 
rysm and diverticulum of the heart. 


Congenital ventricular diverticulum is rare. The lesion is termed di- 
verticulum when it is associated with midline thoracoabdominal de- 
fects}-6 and when the outpouching projects from the inferior aspect 
of the heart. When no other congenital malformation is present, the 
anomaly is classified as an aneurysm since it resembles this acquired 
defect. Correct identification and diagnosis are important since the 
malformations can be surgically corrected. 

Our report describes 2 patients with 2 variations of the anomaly. 
One patient presented with an isolated aneurysm-like deformity of 
the free wall of the left ventricle. The second patient presented with 
midline thoracoabdominal defects; his age at the time of diagnosis 
makes this case unique. Both patients underwent cardiac catheter- 
ization and angiographic studies followed by surgical correction of 
the malformation. 


Case Reports 


Case 1: An 8 year old girl was admitted to the Texas Children's Hospital 
for evaluation of an abnormal cardiac silhouette, first discovered on routine 
chest X-ray examination 4 years before admission. The patient had a febrile 
illness for 1 month at age 1 year. There were no apparent cardiac abnor- 
malities at that time. 

Two palpable cardiac impulses were felt, one located 2 cm lateral and the 
other 2 cm inside the midclavicular line, both at the fifth left intercostal 
space. The pulsations were paradoxical in nature. The first and the second 
heart sounds were normal and a third heart sound was present at the apex. 

ST-T changes compatible with a left ventricular aneurysm were present 
in the electrocardiogram (Fig. 1). The chest roentgenogram revealed an en- 
larged heart with an abnormal left heart border (Fig. 2). On catheteriza- 
tion, resting hemodynamic values for the left and right sides of the heart 
were normal (Table I). An anteroapical aneurysm with paradoxical motion 
relative to the main chamber was seen after injection of contrast medium 
into the left ventricle (Fig. 3). The coronary arteries were angiographically 
normal. 

Operation was performed on September 21, 1971 under general endotra- 
cheal anesthesia. A vertical incision was made over the pulsating mass, and $ 
the lesion was dissected from surrounding tissue (Fig. 4). The pouch lay in 
a pocket of pericardium. The lesion was 6 to 7 cm long, 3 cm wide and 9 
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FIGURE 1. Case 1. Electrocardiogram showing ST-T changes 
compatible with anterior left ventricular aneurysm. 








mm thick. A vascular clamp was placed across the “neck” 
of the lesion, and the pouch was amputated. The cardiac 
defect was repaired with interrupted sutures. The resected 
specimen was composed predominantly of connective tis- 
sue. The patient had an uncomplicated postoperative 
course and was discharged 10 days after operation. Ten 
months after the operation the patient was doing well. 


Case 2: A 37 year old male physician, with a 20 year 
history of a heart murmur and progressive dyspnea for 2 
years was admitted to St. Luke’s Episcopal Hospital. He 
had had recurrent umbilical and bilateral inguinal her- 
nias. Two brothers died of “rheumatic heart disease,” and 
1 uncle died suddenly of unknown cause at age 34. 

Physical examination disclosed severe kyphoscoliosis. 
The pulse was regular at a rate of 90/min, and the blood 
pressure was 130/80 mm Hg. A forceful left ventricular 
impulse was palpable at the left anterior axillary line 
where an apical systolic impulse was present. The first 
heart sound was decreased, and the pulmonic component 
of the second heart sound was loud. A fourth heart sound 
was heard. A grade 4/6 pansystolic apical murmur was 
well transmitted to the axilla. The liver edge was palpable 
4 cm below the right costal margin. 

The electrocardiogram disclosed regular sinus rhythm 
with occasional ventricular premature beats as well as 
changes consistent with left atrial enlargement. The chest 
Toentgenogram was interpreted as showing cardiomegaly, 
left atrial enlargement and mild pulmonary venous con- 
gestion. During cardiac catheterization increased filling 
pressures in the left heart chambers were found; there was 
significant passive pulmonary hypertension, right ventric- 
ular dysfunction and reduced cardiac output (Table I). A 
long anteroapical fistulous tract terminating in a large 
rounded cavity located below the left hemidiaphragm was 
Observed to fill with contrast medium injected into the 
left ventricle (Fig. 5A). A second diverticulum of the left 
ventricle was seen on the posterior wall (Fig. 5B). Severe 
mitral regurgitation was also present. 








| 


FIGURE 2. Case 1. Chest roentgenogram showing abnormal 
cardiac silhouette. 


Since surgical correction of the mitral regurgitation 
seemed appropriate, resection of the anteroapical divertic- 
ulum was also recommended. Operation was performed on 
March 8, 1971, and cardiopulmonary bypass was em- 
ployed. An anteroapical diverticulum of the left ventricle 
was resected; it was the size of a tennis ball and projected 
beneath the left hemidiaphragm (Fig. 6). The mitral 
valve, which was incompetent and showed herniation of 
the anterior leaflet, was replaced with a Bjork-Shiley disc 
prosthesis (no. 23). 


TABLE I 
Cardiac Catherization Data 


ENIDU ER ILS X ee EIE 


Pressures (mm Hg) 





Case 1 Case 2 


(Preop) Preop Postop 





Left 95/0/10 115/10/25 125/10/20 
ventricle 

Ascending 95/60 115/55 125/55 
aorta m — 75 m — 75 m = 80 

Pulmonary m= 10 v=45 v=25 
capillary a=25 a=15 
wedge m.-35 m — 20 

Pulmonary 17/7 60/25 40/20 
artery m= 11 m — 45 m — 25 

Right 17/0/3 60/2/10 55/2/10 
ventricle 

Right m3 m — 10 m — 10 
atrium 

Cardiac index de 2.39 3.18 


(liters/min per m?) 


Ice De rr D LU LN AM ID TRO CEN 


a = a Wave; m = mean; v = v wave. 
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FIGURE 3. Case 1. Preoperative 
left ventriculograms (posteroanter- 
ior view) showing apical aneurysm. 
A, in systole; B, in diastole. 





The resected diverticulum contained all 3 layers of the 
heart; the muscular layer was somewhat atrophic, having 
been replaced by dense fibrous tissue. A second cardiac 
catheterization (Table I) and left ventriculography (Fig. 
7) 10 months after the operation demonstrated good surgi- 
cal results. 


Discussion 


Left ventricular aneurysm is classified as congeni- 
tal in origin when no known causes of acquired aneu- 
rysm are discovered. In this group of patients the an- 
eurysm appears as an isolated defect. Congenital 
muscular diverticulum of the heart is a rare malfor- 
mation that most frequently is reported in associa- 
tion with other congenital intracardiac and midline 
thoracoabdominal defects.1® In some reports the 
terms congenital ventricular aneurysm and congeni- 
tal ventricular diverticulum have been used inter- 
changeably. 

Patients with congenital left ventricular aneurysm 
may be asymptomatic, and the defect may be recog- 
nized only by an abnormal cardiac silhouette or an 
abnormal electrocardiogram. An enlarged heart with 
an abnormal left ventricular border may be seen ra- 
diographically. S-T segment elevation consistent 
with aneurysmal formation may be seen in the pre- 





FIGURE 5. Case 2. Left ventriculograms. A, posteroanterior view showing apical diverticulum filling through a narrow fistulous tract ang 
located below the left hemidiaphragm. B, right anterior oblique view showing rounded deformity adjacent to the posterior mitral leaflet 
and severe mitral regurgitation. 
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FIGURE 6. Case 2. Anteroapical diverticulum at operation. 


cordial leads of the electrocardiogram.? Congestive 
heart failure or tachyarrhythmia may lead the pa- 
tient to seek medical aid. 

Congenital diverticulum of the heart is usually 
diagnosed early in life because of the midline thora- 
coabdominal defects and pulsatile epigastric mass.3-5 
It has been stated that most patients die in infancy 
because of rupture of the diverticulum, congestive 
heart failure or problems secondary to the associated 
congenital defects. This emphasis of death in infancy 
has led to the recommendation of early surgical 
treatment.5.6 

Congenital left ventricular aneurysm is considered 
to be an isolated defect, usually located at the apex 
or the base of the left ventricle. Paronetto and 
Strauss? described endocardial fibroelastosis in a 


e. e E 
FIGURE 7. Case 2. Postoperative left ventriculogram (right an- 
terior oblique view) showing mitral valve disc prosthesis. 


congenital aneurysm and postulated that the aneu- 
rysm resulted from a congenital muscular defect in 
the apex of the left ventricle.8 They concluded that 
the localized absence of myocardial fibers at the 
apex and the overall diminution of myocardial mass 
in the wall of the aneurysm without extensive scar 
tissue were highly suggestive of a deyelopmental 
anomaly of the myocardium. Others have found cal- 
cification in congenital left ventricular aneurysm in 
children.” The occurrence of a similar malformation 
without identifiable disease or associated defects has 
been reported in Bantu children.9-12 

Congenital muscular diverticulum of the heart 
typically arises from the apex of the left ventricle, 
but cases of diverticula projecting from the right ven- 
tricle have been cited.13 Often a second diverticu- 
lum is seen at the base of the heart near the mitral 
valve. At about the eighth week of gestation, the 
lower sternum, the anterior leaf of the diaphragm, 
the linea alba and medial fibers of the rectus abdom- 
inus muscle are fused in the midline. It seems that 
the basic defect is a failure of the mesoderm of the 
body wall to complete its migration to meet and fuse 
solidly in the central midline. A portion of the primi- 
tive ventricle may project through the weakened 
membranous part of the diaphragm as a diverticu- 
lum.? The basic causative mechanism is not known. 

To differentiate between congenital and acquired 
outpouchings of the ventricle on the basis of histo- 
pathologic findings is difficult. The wall may have 
normal histologic architecture, but connective tissue 
may be increased and may be the predominant com- 
ponent. 

The ventricular pressure may ultimately produce a 
diverticulum or aneurysm in an area of &bnormally 
weak myocardium, usually the apex of the left ven- 
tricle. In the diverticulum of the heart, the neck of 
the diverticulum may be very narrow. It has been 
postulated in such cases that during systole, exces- 
sive pressure develops in the cavity of the diverticu- 
lum and may lead to rupture.® These cardiac abnor- 
malities are usually present in the ventricular cham- 
ber with the higher level of pressure; and in reported 
cases of right ventricular diverticulum, the dynamics 
of that cavity were altered by other congenital heart 
defects such as tetralogy of Fallot or pulmonary ste- 
nosis.13 

Our cases exemplify the 2 cardiac abnormalities 
termed congenital aneurysm and congenital divertic- 
ulum of the heart. Our first patient, an 8 year old 
girl, was asymptomatic but found to have abnormal 
cardiac silhouette on routine chest X-ray examina- 
tion. No other defects were present. She would be 
classified with the group of young patients with con- 
genital left ventricular aneurysm. The resting hemo- 
dynamic values of this patient were normal. The 
myocardial fibers in the wall of the aneurysm were 
irregular and disrupted by large bundles of connective 
tissue. The endocardial lining was sclerotic; small 
branches of the coronary arteries were normal, and 
the large epicardial arteries were normal in size, ori- 
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gin and distribution. There was no evidence of in- 
flammatory disease. 

The second patient, a 38 year old man, presented 
with clinical evidence of congestive heart failure. 
Pulmonary hypertension and left ventricular dys- 
function with a large diastolic volume were found on 
hemodynamic studies. A large subdiaphragmatic di- 
verticulum that arose from the apex of the left ven- 
tricle and a second one from the posterior wall of the 
left ventricle were seen on angiograms. Significant 
mitral insufficiency was also present and was 
thought to be more responsible than the diverticu- 
lum for altering left ventricular dynamics. This case 
is classified as congenital diverticulum of the heart 
associated with midline thoracoabdominal defects. 
The apical diverticulum was resected, and the mitral 
valve was replaced with a prosthesis. The wall of the 
diverticulum showed all 3 layers of the heart. 


Conclusions 


The difference between congenital ventricular an- 
eurysm and congenital diverticulum of the heart is 
not clear. This is a problem not only of semantics 
but of definition and classification. The term con- 
genital diverticulum has been used when the point of 
connection to the ventricle is narrow and there are 


midline defects; the term congenital aneurysm has 
been used when the point of ventricular connection 
is wide and no midline defects are present. The pres- 
ence of predominant connective tissue in the wall of 
this malformation does not negate the congenital ori- 
gin in either group of patients. The presence of asso- 
ciated midline thoracoabdominal defects favors the 
embryologic abnormal development and the congeni- 
tal nature of those cases; however, the absence of as- 
sociated congenital defects does not rule out a con- 
genital origin. The longevity of the patient in our 
second case, the oldest patient we have found de- 
scribed, suggests that the malformation is not neces- 
sarily fatal in infancy. It is possible that there are 
different degrees of severity of diverticulum of the 
heart and that in some cases this defect may be 
compatible with long life. 

Surgical treatment of the diverticulum in our sec- 
ond patient was recommended only because of the 
need to treat the severe mitral insufficiency. The di- 
verticulum did not appear to affect cardiac function. 
Surgical excision of the diverticulum or aneurysm 
should be undertaken when there is evidence of in- 
creasing size or when the diverticulum appears vul- 
nerable to trauma because of the associated midline 
defects. 
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Our portable 
defibrillator is awhole 
lot more than portable. 


What sets our PDS-25 apart from other portables 
are its built-in features. 


Like a cardiosceope to show clear ECG wave- 
forms. A built-in synchronizer for cardioversion. 
Fail-safe devices including an automatic test 
circuit. Nickel-cadmium batteries that deliver up 
to 60 shocks from just one charge. 
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COMPLICATION WITH USE OF FLOW-DIRECTED 
CATHETER 


Because of their simplicity of use and easy availability, 
double-lumen flotation cardiac catheters are now in wide- 
spread clinical use only a relatively brief time after their 
introduction by Swan and Ganz.! We therefore report a 
complication that occurred when a catheter of this type 
was used for the pressure injection of contrast medium. 

A 3 year old boy underwent routine right heart cathe- 
terization for suspected pulmonary stenosis and ventricu- 
lar septal defect. Because the pulmonary artery could not 
be entered by conventional techniques, a no. 5F Swan- 
Ganz catheter (Edwards Laboratories, Santa Ana, Calif.) 
was used. The pulmonary artery was easily attained by 
flotation (a diagnosis of corrected transposition of the 
great vessels was subsequently established). The catheter 
tip was withdrawn to the right ventricle, and right ven- 
triculography was performed with the injection of 15 cc of 
Renografin-60® under 300 lb/in? pressure. The ventricu- 
logram was simultaneously filmed and monitored with an 
image intensifier. At the start of injection the catheter 
whipped back to the high right atrium. Contrast medium 
was seen to fill the venous atrium and superior vena cava, 
but about midway during the injection the flotation bal- 
loon was observed to fill with contrast material (Fig. 1). 
The connection between the catheter and injector was im- 
mediately checked, and the fact that the injection had 
been made into the proper lumen was verified. It then be- 
came apparent that the balloon had filled through a com- 
munication, created by the force of the injection, in the 
common wall between the 2 lumens. The contrast materi- 
al was aspirated from the balloon before the catheter was 
withdrawn. Aspiration was performed through the sam- 
pling lumen and proceeded slowly and with difficulty, as 
though a 1-way valve had been created. Injection of liquid 
through the sampling lumen regularly caused inflation of 
the balloon. Aspiration of the balloon contents was always 
difficult. 

We emphasize that neither the innovators nor the man- 
ufacturers have recommended use of the no. 5F Swan- 
Ganz double-lumen flow-directed catheter for injection of 





Figure 1. Frame from cineangiocardiogram showing balloon 
filled with contrast material during pressure injection. 


contrast medium. We do not believe that the complica- 
tion encountered detracts from the great usefulness and 
demonstrated safety of this new technique. Our purpose 
in calling attention to this case is to warn against use of 
this catheter for the injection of liquid under pressure, a 
purpose for which it was neither designed nor manufac- 
tured. Even if injection is made by hand, as described by 
others! we recommend that only small volumes and low 
levels of pressure be used. 


Joseph Schluger, MD 

Joseph Green, MD 

Frank X. Giustra, MD 

John Travers, MD 

Robert E. Wolf, MD 

Cardiac Catheterization Laboratory 
Department of Medicine 

The Long Island College Hospital 
Brooklyn, New York 
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MYOCARDIAL INFARCTION AND NORMAL 
CORONARY ARTERIOGRAM—1 


In their recent article, *Myocardial Infarction in the 
Absence of Coronary Arteriosclerosis. Result of Coronary 
Spasm(?)," Cheng et al.1 seem to be perturbed by the so- 
called unexplained paradox of angina pectoris with nor- 
mal coronary arteriograms. They cite poor quality of the 
films or inexperience of those interpreting them as reasons 
for misinterpretation of coronary arteriograms as normal 
when a significant lesion is present. Many previous arti- 
cles have described cerebral arteriograms of excellent 
quality that were interpreted as normal by experts al- 
though pathologic studies showed marked arteriosclerosis. 
In a recent case of mine, postmortem study demonstrated 
severe encephalomalacia of both cerebral hemispheres; 
gross pathologic study demonstrated severe cerebral arte- 
riosclerosis, and microscopic study revealed severe cere- 
bral arteriosclerosis with a blood clot in the left middle 
cerebral artery, which showed focal fibrous proliferation. 
'The cerebral arteriograms were interpreted as normal by 
neurosurgeons and excellent roentgenologists on the hospi- 
tal staff. This experience indicates that physicians should 
be aware that arteriographic procedures are not infallible. 

Shortly after the cerebral arteriograms were obtained in 
our case, the patient's condition deteriorated and every- 
one was at a loss to explain why in view of the normal ar- 
teriographic appearance. I believe that the finding of the 
blood clot in the left cerebral artery, which showed focal 
fibrous proliferation, demonstrated that the procedure it- 
self caused further damage although it was not recognized 
then or during the patient's clinical course. 

James S. Haimsohn, MD 
Memphis, Tennessee 
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MYOCARDIAL INFARCTION AND NORMAL 
CORONARY ARTERIOGRAM-—II 


The article by Cheng et al. makes no mention of cigarette 
smoking or any other environmental factors in the pa- 
tient’s history that might have made a contribution, such 
as excessive stress or responsibility. Do the authors con- 
sider these factors to be significant? 


R. E. Banks, MD 
Paola, Kansas 


THE AUTHOR REPLIES 


We chose to mention in the case history only those risk’ 


factors that were present in our patient rather than enu- 
merate all those that were absent. Our patient is a non- 
smoker, works as a bookkeeper, and has the usual amount 
of stress and strain of an American housewife. Although 
we do not deny that these factors might have some 
significance in the pathogenesis of coronary artery disease, 
we are not aware of any established cause and effect rela- 
tion between them and coronary arterial spasm. 

Tsung O. Cheng, MD, FACC 

Department of Medicine 

Division of Cardiology 

George Washington University Medical Center 

Washington, D. C. 


HIS BUNDLE ELECTROGRAMS IN CHILDREN 
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FIGURE 1. Reprinted from Abella et al.1 


In a recent article, Abella et al.! concluded from a study 
of 100 His bundle electrograms obtained in infants and 
children that all atrioventricular (A-V) conduction events 
were age-dependent. Several pertinent points are not 
mentioned. They state that their patients had a normal 
P-R interval but do not state whether there were in- 
stances of intraventricular conduction delay that may be 


"associated with prolonged H-V intervals. Other informa- 


tion not included was digitalis administration, premedica- 
tion and previous open heart surgery. The influence of 
these factors on A-V conduction should have been tested 
statistically and, if a difference existed, the data obtained 
in these subjects eliminated from the analysis. 

Another point is the inclusion of data from 14 patients 
with atrial septal defect. Miller? has reported abnormal 
intervals in seven of eight patients with primum atrial 
septal defect. He also reported that 2 of 13 patients he 
studied with secundum atrial septal defect had abnormal 
intervals.? Roberts and Olley? reported that 1 of 3 patients 
with a primum defect and 2 of 14 patients with a secundum 
defect had abnormal intervals. These findings raise ques- 
tions as to the validity of inclusion of patients with atrial 
septal defects in a group studied to determine normal in- 
tervals. 

There is a discrepancy between the stated method of 
measuring the intervals and the illustrated method in Fig- 
ure 1. The authors state that the intervals are measured 
from the first rapid deflection of the potential but illus- 
trate measurements from the peak of some of the poten- 
tials. 

Paul C. Gillette, MD 

Section of Cardiology, 
Department of Pediatrics 
Baylor College of Medicine and 
The Texas Children's Hospital 
Houston, Texas 
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THE AUTHOR REPLIES 

Our series included no patients receiving digitalis or pa- 
tients with complete right or left bundle branch block 
(with or without previous open heart surgery). Premedica- 
tion was given to children older than age 6 months and 
consisted of Demerol® (1.0-1.5 mg/kg), Phenergan® (0.5- 
0.75 mg/kg) and Sparine® (0.5-0.75 mg/kg). 

We elected to include children with secundum atrial 
septal defect and a normal P-R interval in the series, 
since there has been no conclusive demonstration that 
their atrioventricular intervals are abnormal. On the other 
hand, as mentioned by Dr. Gillette, we have recently re- 
ported abnormal intervals in seven of eight patients with 
primum atrial septal defect. A separate study of the atrio- 
ventricular intervals in patients with secundum atrial 
septal defect is presently being conducted. The method of 
determining the intervals consisted of measuring them 
from the peak of the first rapid deflection of the potential, 
as illustrated in Figure 1 of our paper. 


A. R. Hastreiter, MD 

Department of Pediatric Cardiology 
University of Illinois Medical Center 
Chicago, Illinois 


Reference 


1. Miller R, Rosen K, Mehta A, et al: Cardiac conduction in atrial septal de- 
fect. Circulation 46:suppl 11:11-58, 1972 


126 July 1973 The American Journal of CARDIOLOGY Volume 32 


RETROGRADE VENTRICULOATRIAL CONDUCTION IN 
COMPLETE HEART BLOCK 


In a recent article Gupta and Haft! described a case of 
retrograde ventriculoatrial conduction in complete heart 
block. The authors, with the aid of His bundle electro- 
grams, assume that “retrograde conduction in complete 
heart block can occur if the block is beyond the bundle of 
His and the A-V node is intact." They also postulate that 
antegrade and retrograde conduction across the atrioven- 
tricular node seems to traverse a single pathway. 

Most of the reported cases of retrograde conduction 
have been described in cases of complete block below the 
bundle of His, as suggested from the configuration of the 
QRS complexes.? Moreover, Langendorf et al.? regard the 
presence of ventriculoatrial conduction as characteristic of 
the type II block (below the bundle of His). Kelly et al.* 
in a study of 6 patients with congenital heart block above 
the bundle of His were unable to document any instance 
of retrograde ventriculoatrial conduction despite right 
ventricular pacing at various rates and the administration 
of isoproterenol. 

It should be remembered that although complete heart 
block is quite frequent, the instances of retrograde con- 
duction are rare enough to be reported. In a study of 86 
cases of complete block we found only 1 patient who mani- 
fested retrograde conduction. 

As an explanation of this phenomenon, the recent find- 
ings of Cranefield and Hoffman? may be pertinent. They 
found that if in the center of a bundle of canine Purkinje 
fibers conductivity was depressed by high concentrations 
of potassium, simultaneous excitation of both ends of the 
bundle could cause propagation of full excitatory re- 
sponses even into the center of the depressed area. They 
called this phenomenon “summation.” 

If one thinks of the bundle of His and its bifurcation to 
the right and left bundle branches, one may envisage that 
symmetrical retrograde excitation of the 2 bundle branch- 
es could restore conduction at the central point, that is, 
the main bundle of His, with later retrograde P wave con- 
duction across the intact atrioventricular node. According 
to the postulations of Cranefield and Hoffman,? the 2 
bundle branches should be damaged to an equal degree 
and the stimulus from the idioventricular focus should ar- 
rive to and traverse the 2 branches simultaneously. This 
may well explain the relative rarity of retrograde ventricu- 
loatrial conduction. 

Dennis V. Cokkinos, MD 
Eutychios M. Voridis, MD 
Athens, Greece 
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THE AUTHORS REPLY 


We thank Drs. Cokkinos and Voridis for their comments. 
As pointed out in our paper, we agree with their sugges- 
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tion that ventriculoatrial conduction should occur only in 
those patients with heart block due to discontinuation of 
conduction below the A-V node. From the reported data 
and our findings, we see no reason to suggest any more 
than a single pathway antegrade and retrograde across the 
A-V node. They note that among 86 cases of complete 
heart block they have found only 1 with retrograde con- 
duction; however, they did not mention His bundle stud- 
ies in their patients, and it is possible that concealed ret- 
rograde conduction of the node, as manifested by prolon- 
gation from the P wave to the His interval following a 
ventricular beat, would be seen in more of their patients. 

We believe that their alternate explanation of the phe- 
nomena we recorded is possible but unlikely. Summation 
has been shown to occur by several investigators, but 
there is no evidence to suggest that it occurred in our pa- 
tient. First, most patients with complete heart block and 
an idioventricular focus with a wide QRS complex have 
been shown to have simultaneous block in the 3 fascicles 
of the conduction system rather than block at the main 
bundle of His. Hence, summation of impulses going retro- 
grade from the right bundle and the left bundle, although 
possibly facilitating conduction in the bundle of His, 
would not be expected to facilitate conduction in 1 fasci- 
cle. Second, facilitation usually occurs at a specific inter- 
val after depolarization of the pathways that are summat- 
ed, and we found that retrograde conduction to the node 
appears to occur frequently with various intervals between 
the idioventricular beat and the next P wave. Although it 
is conceivable that a mechanism whereby branches of a 
fascicle would summate and allow retrograde conduction 
in that fascicle, we believe that the simpler explanation 
suggested in the paper, namely, that retrograde conduc- 
tion occurred by way of a muscular route around the area 
of block, probably is operant. This type of conduction 
would be similar to the conduction seen from the right 
bundle branch to the left ventricle in patients with left 
bundle branch block. 

Jacob |. Haft, MD 
Prem K. Gupta, MD 


SPRING FEVER 
(HEART HOUSE—THE ANTIDOTE) 


Spring fever! What is it? Webster's dictionary defines 

spring fever as "the lazy, listless feeling which comes to 

persons with the first warm days of spring." Hall's Health 

Tracts! in 1870 states, “In the early part of May, very 

many persons begin to feel that they are not as well as 

they have been. There is a degree of languor and lassi- 

tude, and indisposition to exercise, or even to read or 

think, which makes life almost a drag. This ought not to` 
be. There is no good and sufficient reason why man 

should not wake up to a newness of life, and embark on its 

business with a new energy and a new enterprise." Spring 

fever? has also been described as a serious or fatal disease 

that infects children and the elderly during the spring of 
the year. In retrospect, these frequently fatal diseases 

were either diphtheria or streptococcal or staphylococcal 

viral infections complicated by pneumonia or bacteremia. 

A more interesting and attractive aspect of spring fever is 

vernalagnia, which is a renascence of sexual desire in the 

spring.? 
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Excluding infections, is there today a syndrome charac- 
terized by listlessness, languor or fatigue with an indis- 
position to exercise, to read, to work, or to think? Yes, I 
believe there is, and I believe that we have all experienced 
this syndrome. In fact, it may become quite contagious. 
Regardless of the time of the year, man has always experi- 
enced listlessness, fatigue and lethargy with a lack of 
ambition whenever he becomes inactive or perhaps over- 
indulges in food and wine at the same time. The syn- 
drome is ancient. “Exercise and temperance can preserve 
something of our early strength even in old age” (Cicero,4 
106-43 BC). “Exercise ferments the Humours, casts them 
into their proper Channels, throws off Redundancies, and 
helps Nature in those secret Distributions, without which 
the Body cannot subsist in its Vigour, nor the Soul act 
with Cheerfulness" (Joseph Addison,> 1672-17 19). 

Fortunately, spring fever is preventable. We must disci- 
pline ourselves to exercise regularly, read the classics, eat 
sparingly and become involved in a worthwhile project. I 
know of no better enterprise than the American College of 
Cardiology's own Heart House. The officials of the College 
have planned a structure singular in kind and excellence 
that is worthy of our support. As proud members and 


friends of the College, we should support this project in 
two ways. First, we should all financially support Heart 
House depending upon our means. This type of medicine 
should be more palatable and rewarding than sulfur, molas- 
ses or calomel. After pledging our own support, we must 
then influence our friends to support our project. Our cause 
is great and well justified. The benefits are many and, who 
knows, within a year members and friends of the American 
College of Cardiology may become immune to this “illness.” 


Crawford W. Adams, MD, FACC 
Department of Medicine 

Vanderbilt University School of Medicine 
Nashville, Tenn. 
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Davidson AJ, et al. 

Invest Radiol 8:90-5, Mar-Apr 73 (28 ref.) 
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Acquired inhibitors of blood coagulation. Feinstein DI, 
et al. Prog Hemostasis Thromb 1:75-95, 1972 (95 ref.) 
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Alternative mechanisms of apparent supernormal 
atrioventricular conduction. Gallagher JJ, et al. 
Am J Cardiol 31:362-71, Mar 73 (50 ref.) 
Coronary care. The understanding and treatment of 
atrial and ventricular dysrhythmias. Gambetta M, et 
al. Med Clin North Am 57:125-42, Jan 73 (106 ref.) 
Surgical management of complications of myocardial 
infarction. Najafi H, et al. 

Med Clin North Am 57:205-18, Jan 73 (46 ref.) 
Prevention and treatment of cardio 
emergencies during anesthesia and surgery. Bolton 
GR. Vet Clin N Amer 2:411-7, May 72 (5 ref.) 


ARTERIES 


Mechanical stresses on vessels and the non-uniform 
distribution of atherosclerosis. Glagov S. 
Med Clin North Am 57:63-77, Jan 73 (56 ref.) 


ARTERIOSCLEROSIS 


Pathology and epidemiology of atherosclerosis. Strong 
JP, et al. J Am Diet Assoc 62:262-8, Mar 73 (14 ref.) 
New concept on atherogenesis and treatment of 
atherosclerotic diseases. Shimamoto T. 

Jap Heart J 13:537-62, Nov 72 (77 ref.) 
Mechanical stresses on vessels and the non-uniform 
distribution of atherosclerosis. Glagov S. 

Med Clin North Am 57:63-77, Jan 73 (56 ref.) 


ASSISTED CIRCULATION 


The failing myocardium. II. Assisted circulation. 
Hauser RG, et al. 
Med Clin North Am 57:187-204, Jan 73 (19 ref.) 


BLOOD CIRCULATION 


Some aspects of circulatory disturbances in cirrhosis of 
the liver. Martini GA, et al. 
Prog Liver Dis 4:231-50, 1972 (93 ref.) 


CARDIAC OUTPUT 


Patients with cardiac valve prosthesis: subsequent 
anaesthetic management for non-cardiac surgical 
procedures. Maillé JG, et al. 

Can Anaesth Soc J 20:207-16, Mar 73 (63 ref.) 


CARDIOVASCULAR DISEASES 


Geriatrics. Q Med Rev 23:1-23, Jul 72 (20 ref.) 
Magnesium and its significance in cardiovascular and 
gastro-intestinal disorders. Szelényi I. 

World Rev Nutr Diet 17:189-224, 1973 (181 ref.) 


CEREBROVASCULAR CIRCULATION 


Hyperventilation and cerebral blood flow. Raichle ME, 
et al. Stroke 3:566-75, Sep-Oct 72 (78 ref.) 


CEREBROVASCULAR DISORDERS 


Treatment and prevention of stroke. II. 
Cerebrovascular insufficiencies. Slosberg P. 
NY State J Med 73:758-63, 15 Mar 73 (78 ref.) 


CORONARY DISEASE 


Emotional factors in coronary disease. Zohman BL. 
Geriatrics 28:110-9, Feb 73 

Pathology and epidemiology of atherosclerosis. Strong 
JP, et al. J Am Diet Assoc 62:262-8, Mar 73 (14 ref.) 
Direct coronary artery surgery. Anagnostopoulos CE. 
Med Clin North Am 57:219-30, Jan 73 (39 ref.) 
Myocardial ischemia and coronary artery 
atherosclerosis. A comprehensive approach to 
postmortem studies. Lichtig C, et al. 

Med Clin North Am 57:79-91, Jan 73 (95 ref.) 
Epidemiology of coronary heart disease. Stamler J. 
Med Clin North Am 57:5-46, Jan 73 (84 ref.) 


CORONARY VESSELS 


Myocardial ischemia and coronary artery 
atherosclerosis. A comprehensive approach to 
postmortem studies. Lichtig C, et al 
Med Clin North Am 57:79-91, Jan 73 (95 ref.) 


DIGITALIS GLYCOSIDES 


Digitalis glycosides. I. Smith TW. 
N Engl J Med 288:719-22, 5 Apr 73 (10 ref.) 


DIURETICS 


The clinical use of diuretics. 2. Frazier HS, et al. 
N Engl J Med 288:455-7, 1 Mar 73 (8 ref.) 


DRUG THERAPY 


Toxic agents and cardiomyopathies. Morin Y, et al. 
Cardiovasc Clin 4:245-67, 1972 (71 ref.) 


ELECTROCARDIOGRAPHY 


Electrocardiographic and vectorcardiographic patterns 
in cardiomyopathy. Bahl OP, et al. 
Cardiovase Clin 4:95-112, 1972 (61 ref.) 


HEART 


Physiology of idiopathic cardiomyopathies. Schlant RC. 
Cardiovasc Clin 4:61-76, 1972 (116 ref.) 
Disturbances of cardiopulmonary function in 
anaesthetised horses. Hall LW. 

Equine Vet J 3:95-8, Jul 71 (16 ref.) 
Self-control of cardiac functioning: a promise as yet 
unfulfilled. Blanchard EB, et al. 

Psychol Bull 79:145-63, Mar 73 (45 ref.) 
Radiographic aspects of pulmonary infection in 
patients with altered immunity. Blank N, et al. 
Radiol Clin North Am 11:175-90, Apr 73 (29 ref.) 


HEART ANEURYSM 


Surgical management of complications of myocardial 
infarction. Najafi H, et al. 
Med Clin North Am 57:205-18, Jan 73 (46 ref.) 


HEART ARREST 


Prevention and treatment of cardiovascular 
emergencies during anesthesia and surgery. Bolton 
GR. Vet Clin N Amer 2:411-7, May 72 (5 ref.) 


* Citations obtained from the National Library of Medicine's MEDLARS Retrieval Program— Bibliogra- 
phy of Medical Reviews. The first of these Bibliographies, and an explanatory editorial, appeared in 
the September 1971 issue (Amer J Cardiol 28: 366—367, 1971). 
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HEART BLOCK 


Myocardial infarction complicated by conduction 
defect. Rosen KM, et al. 
Med Clin North Am 57:155-66, Jan 73 (41 ref.) 


HEART CONDUCTION SYSTEM 


Alternative mechanisms of apparent supernormal 
atrioventricular conduction. Gallagher JJ, et al. 
Am J Cardiol 31:362-71, Mar 73 (50 ref.) 


HEART DEFECTS, CONGENITAL 


Incidence of cardiac malformations at birth and later, 
and neonatal mortality. Campbell M. 
Br Heart J 35:189-200, Feb 73 (91 ref.) 


HEART DISEASES 


Echocardiography. McDonald IG. 

Med J Aust 2:1488-90, 30 Dec 72 (24 ref.) 
Correlation of physiologic findings with chest 
roentgenology. Milne EN. 

Radiol Clin North Am 11:17-47, Apr 73 (83 ref.) 
The cardiopulmonary manifestations of uremia and 
renal transplantation. Schwartz EE, et al. 
Radiol Clin North Am 10:569-81, Dec 72 (34 ref.) 
Cardiac emergencies. Ettinger SJ. 

Vet Clin N Amer 2:235-42, May 72 


HEART FAILURE, CONGESTIVE 


The failing myocardium. I. Drug management. Loeb HS, 
et al. Med Clin North Am 57:167-85, Jan 73 (62 ref.) 


HEART SEPTUM 


Surgical management of complications of myocardial 
infarction. Najafi H, et al. 
Med Clin North Am 57:205-18, Jan 73 (46 ref.) 


HEART VALVE PROSTHESIS 


Patients with cardiac valve prosthesis: subsequent 
anaesthetic management for non-cardiac surgical 
procedures. Maillé JG, et al. 

Can Anaesth Soc J 20:207-16, Mar 73 (63 ref.) 


HEPARIN 


Heparin, platelets, and venous thrombosis. O’Brien JR. 
Am Heart J 85:435-8, Apr 73 (16 ref.) 


HYPERTENSION 


Vascular reactivity in systemic arterial hypertension. 
Mendlowitz M. Am Heart J 85:252-9, Feb 73 (70 ref.) 

Essential hypertension: A childhood disease? Reynolds 
JL. J La State Med Soc 125:53-8, Feb 73 (42 ref.) 

18-Hydroxy-11-deoxycorticosterone (18-OH-DOC) 
secretion in experimental and human hypertension. 
Melby JC, et al. Recent Prog Horm Res 28:287-351, 1972 


HYPERVENTILATION 


Hyperventilation and cerebral blood flow. Raichle ME, 
et al. Stroke 3:566-75, Sep-Oct 72 (78 ref.) 


HYPOTENSION 


The renal circulation in haemorrhagic hypotension. 
In-vivo renal micro-angiography in the dog. Lavender 
JP, et al. Br Med Bull 28:241-6, Sep 72 (53 ref.) 


IDIOPATHIC HYPERTROPHIC 
SUBVALVULAR STENOSIS 


Hypertrophic obstructive cardiomyopathy of the left 
ventricle (idiopathic hypertrophic subaortic 
stenosis). Spodick DH. 

Cardiovasc Clin 4:133-65, 1972 (66 ref.) 
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Intensive care. Cotton RB, et al. 
Vet Clin N Amer 2:419-32, May 72 (18 ref.) 
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Cardiovasc Clin 4:270-82, 1972 (31 ref.) 
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SECONDARY 
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Cardiomyopathy associated with endocrine disorders. 
DeGroot WJ. Cardiovasc Clin 4:305-31, 1972 (86 ref.) 
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Toxic agents and cardiomyopathies. Morin Y, et al. 
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Cardiac involvement in heredofamilial neuromyopathic 
diseases. Perloff JK. 

Cardiovasc Clin 4:333-44, 1972 (30 ref.) 
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The enzymatic and immunologic detection of 
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et al. Med Clin North Am 57:105-17, Jan 73 (53 ref.) 

Coronary care. The understanding and treatment of 
atrial and ventricular dysrhythmias. Gambetta M, et 
al. Med Clin North Am 57:125-42, Jan 73 (106 ref.) 

Surgical management of complications of myocardial 
infarction. Najafi H, et al. 

Med Clin North Am 57:205-18, Jan 73 (46 ref.) 
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Resnekov L. . 

Med Clin North Am 57:243.57, Jan 73 (81 ref.) 

Myocardial infarction complicated by conduction 
defect. Rosen KM, et al. 

Med Clin North Am 57:155-86, Jan 73 (41 ref.) 

Metabolism of the ischemic heart. Zak R, et al. 
Med Clin North Am 57:93-103, Jan 73 (70 ref.) 


MYOCARDIAL REVASCULARIZATION 


Direct coronary artery surgery. Anagnostopoulos CE. 
Med Clin North Am 57:219-30, Jan 73 (39 ref.) 


MYOCARDITIS 
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Cardiovasc Clin 4:187-85, 1972 (117 ref.) 


MYOCARDIUM 
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Myocardial ischemia and coronary artery 
atherosclerosis. A comprehensive approach to 
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Med Clin North Am 57:79-91, Jan 73 (95 ref.) 
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Some speculations concerning a possible biochemical 
basis of minimal brain dysfunction. Wender PH. 
Ann NY Acad Sci 205:18-28, 28 Feb 73 (37 ref.) 
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In-vivo renal micro-angiography in the dog. Lavender 
JP, et al. Br Med Bull 28:241-6, Sep 72 (53 ref.) 


SINO-ATRIAL NODE 


The sinus node as a servomechanism. James TN. 
Circ Res 32:307-13, Mar 73 (83 ref.) 


SYMPATHOMIMETICS 


Toxic agents and cardiomyopathies. Morin Y, et al. 
Cardiovasc Clin 4:245-67, 1972 (71 ref.) 


THORACIC DUCT 
The thoracic duct: structural, functional, and radiologic 


aspects. Rosenberger A, et al. 
CRC Crit Rev Radiol Sci 3:523-41, Dec 72 (90 ref.) 


THROMBOEMBOLISM 


Thromboembolism and oral contraceptives. Hougie C. 
Am Heart J 85:538-45, Apr 73 (35 ref.) 
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THROMBOPHLEBITIS 


Heparin, platelets, and venous thrombosis. O’Brien JR. 
Am Heart J 85:435-8, Apr 73 (16 ref.) 


THROMBOSIS 


Animal models useful in the study of thrombosis and 
antithrombotic agents. Didisheim P. 

Prog Hemostasis Thromb 1:165-97, 1972 (235 ref.) 
The flow of model particles and blood cells and its 
relation to thrombogenesis. Goldsmith HL. 
Prog Hemostasis Thromb 1:97-127, 1972 (127 ref.) 


TRANSPLANTATION 


The cardiopulmonary manifestations of uremia and 
renal transplantation. Schwartz EE, et al. 
Radiol Clin North Am 10:569-81, Dec 72 (34 ref.) 


VASOMOTOR SYSTEM 
Vascular reactivity in systemic arterial hypertension. 
Mendlowitz M. Am Heart J 85:252-9, Feb 73 (70 ref.) 


VECTORCARDIOGRAPHY 


Electrocardiographic and vectorcardiogr^phic patterns 
in cardiomyopathy. Bahl OP, et al. 
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BOOK REVIEWS 


Vectorcardiography in Congenital Heart Disease, first 
edition, by R. Curtis Ellison, MD and Norma J. Restieaux, 
MB, ChB. Philadelphia, 1972, 209 pages 


Now that the chorus of cardiologists has largely substitut- 
ed the chant of the His bundle electrogram and the echo- 
cardiogram for the song of the Frank vectorcardiogram, a 
new book on vectorcardiography, even quantitative vec- 
torcardiography, almost appears out of vogue. In or out of 
vogue, however, this volume can be a welcome addition to 
the pediatric cardiologist's library so long as the reader 
still entertains a glimmer of hope that the Frank vector- 
cardiogram has something more to offer than the standard 
electrocardiogram. 

This edition appears to serve a 2-fold function; first, it 
portrays and details the vectorcardiographic findings, re- 
corded exclusively by the Frank technique, in all the com- 
mon and in many not so common congenital cardiac mal- 
formations. The loop and scalar illustrations are excellent 
and, for the sake of the unconverted, appropriate electro- 
cardiographic leads are included with each illustration. 
More important than the pictorial material, however— 
and the thrust of the book—is the authors' conviction that 
ventricular hypertrophy, either right or left, can be as- 
sessed by quantitating the magnitude of right and left 


maximal spatial voltages. The data given in the text are 
actually convincing. The problem is in the acquisition of 
this type of data. 

The measurement of maximal spatial voltages by hand, 
so to speak, is an onerous task, contrary to what the au- 
thors allege in the text, and there is little likelihood that a 
manual technique will achieve universal acceptance in 
clinical laboratories. On the other hand, for the resource- 
ful willing to hand measure, or for the laboratory 
equipped to obtain a computer readout, maximal spatial 
voltages may prove to be the best clinical tool for judging 
chamber hypertrophy. The appendix contains a table of 
normal values for a variety of vector parameters, but un- 
fortunately the patient sampling seems meager relative to 
the numbers necessary to give the broadest range of nor- 
mative data. For example, the values for normal subjects 
aged 1 week to 2 months and for those over age 15 were de- 
rived from 14 and 19 subjects, respectively. 

The text comprises 209 easy to read pages—1 or 2 nights’ 
work—and deserves the attention of all students of con- 
genital heart disease whether or not one accepts the au- 
thors’ message regarding maximal spatial voltages. 


Leonard Steinfeld, MD, FACC 
New York, New York 
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In a recent address given at a con- 
ference sponsored by the Regional 
Medical Program Services in St. 
Louis, Dr. Edmund D. Pellegrino, Vice 
President for the Health Sciences, 
State University of New York at Stony 
Brook, concerned himself with “The 
Quality Assurance of Medical Care— 
Analysis and Reflection." It is ap- 
propriate that the membership of 
the American College of Cardiology 
Should also apply the processes of 
analysis and reflection to this vital 
problem. In the following paragraphs, 
| have extracted several significant 
statements from Dr. Pellegrino's lec- 
ture that should form the basis for 
some plan of action by the College. 


"The amount of effort dedicated to 
quality assurance, as well as the extent 
and variety of approaches, is impressive. 
One can detect the beginning of impinge- 
ment of social needs upon the health 
cere apparatus, but the overall impres- 
Sion is that the effort is still piecemeal 
and without direction—more like Brow- 
nian motion than a functioning organism 
designed for a specific purpose. There is 
Clearly an absence of a rational con- 
sciously developed plan applicable to the 
entire nation. There is no clear focus on 
the social purposes to which the whole 
processes of quality assurance should be 
dedicated and from which a larger design 
can be deduced." 


"| underscore this point at the outset, 
because in recent years we have induced 
expectations in the public and in the Con- 
gress in the health arena, expectations 
that have not been fulfilled. Our under- 
standing of the public interest is often 
sharply at odds with the public's interpre- 
tation of its own interests. Resulting pro- 
grams become all too easily self-directing 
and self-propagating. The resultant is 
public disappointment, frustration or indif- 
ference." 


"The ultimate social purpose of quality 
assessment is to assure the public of 
health care that is competent, efficient, 
effective, economically feasible, and hu- 
manely administered. There is growing 
public concern that these qualifications 
are not being met in ordinary and every- 
day care." 

"The public has the right to expect the 
following conditions to be fulfilled at a 
minimum: (1) the first measure of the 
scientific capabilities of medicine must be 
available in every medical transaction. 
(2) Health care has already been de- 
clared a civil right for all citizens. That 
right must now be extended not only to 
minimal care, but to the highest quality 
care society can provide. (3) Financial 
resources being put into health care must 
be used to assure quality to a more con- 
Scious degree than has been the case. 
The public does not feel that it is always 
getting its money's worth. It worries less 
about inefficiency and more about the 
quality of the product for which it pays. 
(4) The competence of individual practi- 
tioners must be assured on a continuing 
basis. We must begin by admitting that 
we do have a problem of sustained com- 
petence in our health professionals and 
that the ultimate test cf quality for the in- 
dividual patient is the assurance that his 
physician can indeed deliver the first ca- 
pability of modern medicine and technol- 
ogy in the solution of his problem." 


This clear definition of societal 
needs by Dr. Pellegrino raises the 
question of how to attain such stan- 
dards, and the mechanism by which 
this may be achieved. Our nation's 
medical schools have yet to fulfill 
their present primary role of the 
training of medical students with a 
maximal degree of efficiency and 
economy. They are only now recog- 
nizing and accepting a further re- 


132 July 1973 The American Journal of CARDIOLOGY Volume 32 


sponsibility for the postgraduate phy- 
sician in intern, resident and subspe- 
cialty training. The task of assuring 
quality is outside and apart from 
these areas of involvement classical- 
ly regarded as that of the medical 
School. Can broadly based organiza- 
tions such as the American Medical 
Association or the American College 
of Physicians react appropriately? Or 
Should the  subspecialty societies 
themselves—organizations such as 
the American College of Cardiology 
—undertake prime responsibility for 
quality control among the subspeci- 
alty professionals and give to the na- 
tion the assurances now required. 
Our College is rightly involved with 
the process of continuing education, 
which has as its fundamental pur- 
pose, the enhancement of health 
care delivery as it affects the patient 
with cardiovascular disease. In con- 
junction with the American Heart As- 
sociation, the College has already 
embarked upon the development of a 
professional self-assessment pro- 
gram, to be made available to all 
practicing cardiologists in the coun- 
try. A knowledge of the background 
and training of practicing cardiolo- 
gists of the United States is being 
generated from the College's cardio- 
vascular health manpower survey. 
Our College, identifying with physi- 
cian practitioners and physician edu- 
cators alike, is a group qualified to 
define standards in cardiovascular 
health care and to continue to review 
and monitor performance. Profes- 
sional Standards Review Organiza- 
tions are apparently an integral com- 
ponent of current national planning 
by the federal administration for eval- 
uation and maintenance of standards 
of care. 

Whatever the final operational 
mechanism, it is in the interests of 
every member of this College to con- 
Sider the effectiveness and profes- 
sional acceptability of the various op- 
tions soon to be defined. The College 
is in a unique position to contribute 
to the assurance of quality medical 
care in cardiovascular disease. 


Calendar of Continuing Medical Education Programs 


The National Committee for Con- 

wing Medical Education, William 
cikoff, MD, FACC, Chairman, announces 
the following calendar of programs. 

Each program is designed to en- 
large knowledge and clarify the end- 
lessly changing frontiers which mark 
scientific achievements in the recog- 
nition and treatment of cardiovascular 
disease. Although the disciplined ob- 
jective of each program as well as its 
content, format and faculty are pri- 


marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of final re- 
view and approval, whether the pro- 
gram is sponsored solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
sional societies. 

Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 
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gram structures vary as to methods of 
education. 

The National Committee for Con- 
tinuing Medical Education of the Col- 
lege earnestly solicits the interest of 
member and nonmember physicians 
alike in continuing education for the 
clear reason that participation provides 
a unique opportunity to deepen one's 
understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 


Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of Continuing 
Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


SEPT. 
10-12 


Mechanisms and Therapy of 
Cardiac Arrhythmias. Leon- 
ard S. Dreifus, FACC, direc- 
tor and Joseph W. Lin- 
hart, FACC and Yoshio 
Watanabe, FACC, codirec- 
tors. Downingtown Inn, 
Downingtown, Pa. 


SEPT. 
10-12 


A Symposium on Cardio- 
vascular Nursing. Fred D. 
Ownby, FACC, director. Uni- 
versity of Tennessee at Nash- 
ville, Tenn. 


SEPT. 
20-22 


Auscultation and Bedside 
Examination of the Heart. 
Morton E. Tavel, FACC, di- 
rector. Methodist Hospital 
Graduate Medical Center, 
Indianapolis, Ind. 


OCT. Changing Concepts and 

1-3 Methods in the Practice of 
Cardiology. Borys Sura- 
wicz, FACC and Charles 
Fisch, FACC, co-directors. 
University of Kentucky Col- 
lege of Medicine, Lexing- 
ton, Ky. 


OCT. Vectorcardiography (Ad- 

3-5 vanced). Alberto Benchi- 
mol, FACC, director. Moun- 
tain Shadows Hotel, Scotts- 
dale, Ariz. 


OCT. Newer Approaches to the 
11-13 Evaluation and Treatment of 
Hypertension. Laurence A. 


Grossman, FACO, director 
and Grant W. Liddle, 
Gottlieb Friesinger and 
John A. Oates, co-direc- 
tors. Vanderbilt University 
School of Medicine, Nash- 
ville. 


OCT. New Techniques and Con- 

12-13 cepts in Cardiology. !) Phar- 
macologic Treatment of 
Acute Myocardial Infarction. 
M) Clinical Uses of Echo- 
cardiography. Stephen E. 
Epstein, director. Sheraton 
Park Hotel, Washington, 
D. C. 


OCT. Electrocardiographic and 

16-18 Therapeutic Problems in 
Acute Myocardial Infarction. 
William J. Grace, FACC, di- 
rector. St. Vincent's Hospital 
and Medical Center of New 
York, New York, N. Y. 


OCT. Heart Disease 1973: Practical 
18-20 Diagnosis and Management. 


John Ross, Jr., FACC, direc- . 


tor and Richard A. Carleton, 
FACC and Robert A. 
O'Rourke, FACC, co-direc- 
tors. Town and Country Ho- 
tel/Convention Center, San 
Diego, Calif. 


OCT. 31- 
NOV. 2 


Cardiac Pacing. Doris J. W. 
Escher, FACC and Seymour 
Furman, FACC, directors. 
New York Hilton, New York, 
N.Y. 


NOV. Cardiology 1973. T. K. Lin, 
2-4 FACC, director. Princess 
Kaiulani Hotel, Honolulu. 
NOV. Cardiology for the Con- 
5-14 sultant: A Clinician’s Retreat. 
E. Grey Dimond, FACC, di- 
rector. Rancho Santa Fe 
Inn, Rancho Santa Fe, Calif. 
NOV. Clinico-Pathologic Correla- 
27-29 tions in Cardiovascular 
Disease. William C. Roberts, 
FACC, director. Confer- 
ence Center, Williams- 
burg, Va. 
DEC. Advances in Heart Disease 
7-9 1974. Dean T. Mason, FACC, 
director. San Francisco Hil- 
ton, San Francisco, Calif. 
DEC. Colloquia in Cardiology: 
12 Number 6—Acute Myo- 
cardial Infarction Revisited: 
Current Concepts. Robert 
W. Oblath, FACC, director. 
Ambassador Hotel, Los 
Angeles, Calif. 
DEC. The Wiliam Likoff Sympo- 
13-16 sium: Recent Advances in 
Cardiovascular Disease. 
Henry |. Russek, FACC, di- 
rector. New York Hilton, 
New York, N. Y. 
1974 ` 
JAN. The Cardiac Care Unit in 
13-15 1974—Integrated Medical- 
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JAN. 
10-12 


JAN. 


JAN. 


11-14 


FEB. 
15-16 
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Surgical Care in Acute Coro- MAR. Pathology of the Heart. Mau- APR. Advances in Clinical Car- 
nary Artery Disease. John H. 18-20 rice Lev, FACC, director. 4-6 diology. Lawrence S. Cohen, 
K. Vogel, FACC, director. Palmer House, Chicago, Ill. FACC, director. Yale Uni- 
Opticon Theater, Snowmass versity School of Medicine, 
at Aspen, Aspen, Colo. MAR. Consultant's Course in New Haven, Conn. 
18-22 Cardiology. Simon Dack, 
Non-Invasive Techniques: FACC, director. Mt. Sinai Apr. Current Concepts in Cardi- 
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The Honeywell 
patient care commitment... 


acc today, and t 


Yesterday. The Honeywell pa- 
tient care commitment began 
more than 15 years ago, when 
we first offered products and 
systems for biomedical applica- 
tion. Even back then, Honeywell 
recognized the fact that physio- 
logical data systems should 
consist of more than just good 
hardware. And that our commit- 
ment to you and to better pa- 
tient care must be total. 

Today. Today, Honeywell prod- 
ucts for health care can be found 
in cardiovascular diagnostic, 
surgical monitoring facilities, hos- 
pital data centers and clinical 
laboratories throughout the 
world. Our commitment 
now includes six different 
physiological data systems: 

a phonocardiography sys- 
tem, an echocardiography 


system, a catheterization sys- 
tem, asurgery system, asurgical 
intensive care system and a G.I. 
motility system. Each of these 
was designed to fit a specific 
area or application, and are all 
backed by the Honeywell com- 
mitment. Which means that they 
have been medical-engineered 
and are supported by Honey- 
well application specialists — to 
assist you in configuring them — 
by professional training for your 
people in their use, and by a 
comprehensive service pro- 
gram. 












omorrow.” 


Tomorrow. Tomorrow's bio- 
medical monitoring systems are 
being designed and built now in 
Honeywell R/D facilities...to 
make your job easier, to make 
diagnosis more accurate and to 
help ensure even better patient 
care. When these systems are 
ready to be released, they, too, 
will be backed by the Honeywell 
total commitment. 

To get more information on the 
Honeywell biomedical systems 
mentioned above, please call or 
write: Peter Hamilton, Biomedical 
Products Department, Honeywell 
Test Instruments Division, 

P.O. Box 5227, 
Denver, Colorado 80217, 
(303) 771-4700. 

Please specify which of 

these systems you are 
specifically interested in. 
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solution.’ 
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COMPOSITION: Each 15 cc. (one table- 
spoonful) contains potassium chloride 1.5 
Gm., supplying 20 mEq. of elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 496. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
Cigitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount o* defi- 
ciency and corresponding daily dose is 





replacement 
potassium is 
potassium chloride 





AMA Drug Evaluations 1971, First Edition, 
Chicago, American Medical Association, p. 121. 


Kay Ciel Elixir is 
otassium chloride... 
astes good too! 


often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication. Patients should be frequently 
checked and periodic ECG and/or plasma 
potassium levels mace. High plasma con- 
centrations of potassium ion may cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patients with cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 

fall in blood pressure, cardiac arrhythmias 
and heart block. Wher hyperkalemia 





exists, it should be promptly treated with 
the discontinuance of potassium adminis- 
tration or other steps to lower serum levels 
if indicated, sinca sudden sh ft in plasma 
levels may induce potentiallv dangerous 
cardiac arrhythmias. 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoonful (15 cc.) diluted in one 
glass of water, -wice daily after the 
morning and evening meal. Larger doses 
may be indicated according to the indi- 
vicua! patient's requirements but should 
be administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients stould be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Cisl Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gallon 
bottles. 


GopPer Cooper Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 


Symposium on the Use of Video Technology in 
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D. Luke Glancy, MD, FACC and Melvin L. Marcus, MD, Guest Editors 
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therapy 


—wide range of effectiveness allows you to treat most 
degrees of cardiac edema. 


—dry weight can be reliably and safely maintained by adjusting 
the dose to fit your patient's needs. With doses exceeding 80 
mg /day and given for prolonged periods, careful clinical and 
laboratory observations are particularly advisable. 


— patient inconvenience is minimal since diuresis is usually 
complete within six to eight hours. 








Your experience has 
shown you the benefits 
of Lasix: (furosemide) 
in initial therapy of 
cardiac edema. 


Now... 


(See prescribing information on last page of this ad.) 





LASIX 





FUROSEMIDE) 


TABLETS 40 mg 


in long-term therapy 


WARNING-—Lasix® (furosemide) is a potent diuretic which if given in ex- 
cessive amounts can lead to a profound diuresis with water and electro- 
lyte depletion. Therefore, care ul medical supervision is required, and 
dose and dose schedule have to be adjusted to the individual patient’s 
needs. (See under “DOSAGE AND ADMINISTRATION.”) 
DESCRIPTION—Lasix is a diuretic, chemically distinct from the organo- 
ordin thiazides and other heterocyclic compounds. It is character- 
ize y: 

a high degree of efficacy; 

a rapid onset of action; 

a comparatively short duration of action; z 

a ratio of minimum to maximum effective dose higher than 1:10; 

the fact that it acts not only at the proximal and distal tubules but also 

at the ascending limb of Henle's loop. . 

Lasix is an anthranilic acid derivative. Chemically, 
5-sulfamoylanthranilic acid. 


INDICATIONS—Lasix is indicated for the treatment of the edema asso- 
ciated with congestive heart failure, cirrhosis of the liver, and renal dis- 
ease, including the nephrotic syndrome. Lasix is particularly useful when 
an agent with greater diuretic potential than that of those commonly em- 
ployed is desired. 

lypertension—Lasix Tablets may be used for the treatment of hyper- 
tension alone or in combination with other antihypertensive drugs. Hyper- 
tensive patients who cannot be adequately controlled with thiazides will 
probably also not be adequately controllable with Lasix alone. 


CONTRAINDICATIONS—Because animal reproductive studies have shown 
that Lasix (furosemide) pa cause fetal abnormalities, the drug is contra- 
indicated in women of child-bearing potential. A, E 
Lasix is contraindicated in anuria. If increasing azotemia and oliguria 
occur during treatment of severe progressive renal disease, the drug 
should be discontinued. In hepatic coma and in states of electrolyte de- 
pletion, therapy should not be instituted until the basic ponen is im- 
: provea or corrected. Lasix is contraindicated in patients with a history of 
ypersensitivity to this compound. i i 
Until more experience is accumulated in the pediatric use of Lasix, 
children should not be treated with the drug. 


WARNINGS—Excessive diuresis may result in dehydration and reduction 
in blood volume, with circulatory collapse and with the possibility of vas- 
cular thrombosis and embolism, particularly in elderly patients. Excessive 
loss of potassium in patients receiving digitalis glycosides may precipitate 
digitalis toxicity. Care should also be exercised in patients receiving potas- 


sium depleting steroids. 
Frequent serum electrolyte, CO» and BUN determinations should be 
months of therapy and periodically there- 


performed during the first few 3 
after, and abnormalities corrected or the drug temporarily withdrawn. 


In patients with HD cirrhosis and ascites, initiation of therapy with 
Lasix (furosemide) is best carried out in the hospital. Sudden alterations 
of fluid and electrolyte balance in patients with cirrhosis may precipitate 
hepatic coma; therefore, strict observation is necessary during the period 
of diuresis. Supplemental potassium chloride and, if required, an aldo- 
Serono antagonist are helpful in preventing hypokalemia and metabolic 
alkalosis. 

As with many other drugs, patients should be observed 
possible occurrence of blood dyscrasias, liver damage, 
cratic reactions. 

In those instances where potassium supplementation is required, coated 

potassium tablets should be used only when adequate dietary supplemen- 
tation is not practical. 
, There have been several reports, published and unpublished, concern- 
ing nonspecific small-bowel lesions consisting of stenosis, with or without 
ulceration, associated with the administration of enteric-coated thiazides 
with potassium salts. These lesions may occur with enteric-coated potas- 
sium tablets alone or when they are used with nonenteric-coated thiazides, 
or certain other oral diuretics. 

These small-bowel lesions have caused obstruction, hemorrhage, and 
perforation. Surgery was frequently required, and deaths have occurred. 

Available information tends to implicate enteric-coated potassium salts, 
although lesions of this type also occur spontaneously. Therefore, coated 
potassium-containing formulations should be administered only when in- 
dicated, and should be discontinued immediately if abdominal pain, dis- 
tention, nausea, vomiting, or gastrointestinal bleeding occurs. 

Patients with known sulfonamide sensitivity. may show allergic reac- 

tions to Lasix. 
PRECAUTIONS-—As with any potent diuretic, electrolyte depletion may oc- 
cur during therapy with Lasix, especially in patients. receiving higher 
doses and a restricted salt intake. Electrolyte depletion may manifest itself 
by weakness, dizziness, lethargy, leg cramps, anorexia, vomiting, and/or 
mental confusion. 





it is 4-chloro-N-furfuryl- 


regularly for the 
or other idiosyn- 


In edematous hypertensive patients being treated with antihypertensive Á 


agents, care should be taken to reduce the dose of these drugs when Lasix 
is administered, since Lasix potentiates the hypotensive effect of anti- 
hypertensive medications. : 

Asymptomatic hyperuricemia can occur and gout may rarely be precipi- 
tated. Reversible elevations of BUN may be seen. These have been ob- 
served in association with dehydration, which should be avoided, par- 
ticularly in patients with renal insufficiency. 

When parenteral use of Lasix precedes its oral use, it should be kept in 
mind that cases of reversible deafness and tinnitus following the injection 


of Lasix (furosemide) have been reported. These adverse reactions occurred 


when Lasix was injected at doses exceeding several times the usual 
therapeutic dose of 1 to 2 ampuls (20 to 40 mg). Í 

Periodic checks on urine and blood glucose should be made in diabetics 
and even those suspected of latent diabetes when receiving Lasix. In- 
creases in blood glucose, and alterations in glucose tolerance tests with 
abnormalities of the fasting and two-hour post-prandial sugar have been 
onsen and rare cases of precipitation of diabetes mellitus have been 
reported. 

Lasix may lower serum calcium levels, and rare cases of tetany have 
peor Poen Accordingly, periodic serum calcium levels should be 
obtained. 

Patients receiving high doses of salicylates, as in rheumatic diseases, 
in conjunction with Lasix may experience Salicylate toxicity at lower 
doses because of competitive renal excretory sites. It has been reported in 
the literature that diuretics such as furosemide may enhance the nephro- 
toxicity of cephaloridine. Therefore, Lasix and cephaloridine should not be 
administered simultaneously. 

Sulfonamide diuretics have been reported to decrease arterial respon- 

siveness to pressor amines and to enhance the effect of tubocurarine. 
Great caution should be exercised in administering curare or its deriva- 
tives to patients undergoing therapy with Lasix, and it is advisable to dis- 
continue Lasix for one week prior to any elective surgery. 
ADVERSE REACTIONS—Various forms of dermatitis, including urticaria 
and rare cases of exfoliative dermatitis, erythema multiforme, pruritus, 
paresthesia, blurring of vision, postural hypotension, nausea, vomiting, or 
diarrhea, may occur. 

Anemia, leukopenia, aplastic anemia, and thrombocytopenia (with pur- 
pura) may occur. Rare cases of agranulocytosis have occurred which re- 
sponded to treatment. 

In addition, the following rare adverse reactions have been reported; 
however, relationship to the drug has not been established with certainty: 
sweet taste, oral and gastric burning, paradoxical swelling, headache, 
jaundice, thrombophlebitis and emboli (see "WARNINGS"), and acute 
pancreatitis. 

Lasix induced diuresis may be accompanied by weakness, fatigue, light- 
headedness or dizziness, muscle cramps, thirst, increased perspiration, 
urinary bladder spasm and symptoms of urinary frequency. 

As far as hyperglycemia is concerned, see “PRECAUTIONS.” 

DOSAGE AND ADMINISTRATION—The usual dose of Lasix is 1 to 2 tablets 
(40 to 80 mg) given as a single dose, preferably in the morning. Ordinarily, 
a prompt diuresis ensues. Depending on the patient’s response, a second 
dose can be administered 6 to 8 hours later. This dosage and dosage 
schedule can then be maintained or even reduced. 

. If the diuretic response with a single dose of 1 to 2 tablets (40 to 80 mg) 
is not satisfactory, e.g., in a patient with congestive heart failure dope 
to maximal doses of thiazides, the following schedule should be used: 
Increase this dose by increments of 1 tablet (40 mg) not sooner than 6 to 
8 hours after the previous dose until the desired diuretic effect has been 
obtained. This individually determined single dose should then be given 
once or twice daily (e.g., at 8:00 a.m. and 2:00 p.m.). The dose of Lasix 
may be carefully titrated up to 600 mg per day in those patients with 
severe clinical edematous states. Higher doses are currently under 
investigation. 

The mobilization of edema may be most efficiently and safely accom- 
plished by utilizing an intermittent dosage schedule in which the diuretic 
is given for 2 to 4 consecutive days each week. With doses exceeding 80 
mg/day and given for prolonged periods, careful clinical and laboratory 
observations are particularly advisable. : 

one tablet (40 mg) twice daily 


Hypertension—The usual dose of Lasix is 
both for initiation of therapy and for maintenance. Careful observations 
for changes in blood pressure must be made when this compound is used 
with other antihypertensive drugs, especially during initial therapy. The 
dosage of other agents must be reduced by at least 50 percent as soon as 
Lasix is added to the regimen to prevent excessive drop in blood pressure. 
As the blood pressure falls under the potentiating effect of Lasix, a further 
reduction in dosage, or even discontinuation, of other antihypertensive 
drugs may be necessary. It is further recommended, if one tablet (40 mg) 
twice daily does not lead to a cinica satisfactory response, to add other 
hypotensive agents, e.g., reserpine, rather than to increase the dose of Lasix. 

Until more experience is accumulated in the pediatric use of Lasix 
(furosemide), children should not be treated with the drug. 
HOW SUPPLIED-—Lasix (furosemide) Tablets are supplied as white, mono- 
grammed, scored tablets of 40 mg in amber bottles of 100 (FSN 6505-062- 
3336), 500, and Unit Dose 100's (20 strips of 5) (FSN 6505-117-5982). 
Note: Dispense in dark containers. Exposure to light may cause slight dis- 
coloration which, however, does not alter potency. PRINTED IN U.S.A. 3-73 


Start with-, ^ 
and stay with Lasix’ rurosemine) 
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will psychic tension affe 
the patients rehabilitation? 


Quat) 


Bs. the MI patient's acute episode has been 
successfully managed, a program of rehabilitation is begun. 
Attimes the overly tense cardiac patient may present a 
special problem. Although you continue to encourage a positive 
outlook through counseling and enlistment of support 

from the patient's family, psychic tension may remain, 
and significantly affect the course of rehabilita- 





AN ; ; ; ; 
AN , N tion. Under these circumstances, Valium (diazepam) 
E J can be a beneficial adjunct to the patient’s thera- 


i) 

=y} peutic regimen. 

-N Valium can relieve psychic tension that may 
| burden the organically weak heart. As a result of 
C adjunctive use of Valium to relieve unwarranted 
anxiety, the patient may be able to arrive at a more 

realistic appraisal of his situation and 
participate more fully with his 

rehabilitation program. 
Y Therapy should normally be 
; / continued until the patient's 

We anxiety has been reduced 
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of an A.s. dose of Valium to 
the t.i.d. schedule can relieve 


N 


/\ Valium is used with most classes of primary 
medications such as cardiac glycosides, diuretics, vasodilators, 
anticholinergics and antacids. The most commonly reported 
side effects have been drowsiness, fatigue and ataxia. 
Patients taking Valium should be cautioned against driving 


or operating dangerous = ees 
machinery. Valium (diazepam) 
2-mg, 5-mg, 10-mg tablets 
when you consider it essential to keep the heart patient calm 
Please turn page for a summary of product information. 
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When you consider it 


essential to keep 
the heart patient calm 


m Valium (diazepam) can relieve psychic tension and anxiety that may 
burden the organically weak heart and interfere with the patient's 
course of rehabilitation. 


m Valium works promptly in most patients. Significant improvement 
is usually noted during the first few days of therapy, although some 
patients may require more time to respond. 


m Adjustments in dosage can alter clinical response. With appropriate 
titration, a regimen can be tailored to the patient's individual needs. 


m Valium has a wide margin of safety in the usual oral dosage range and 
generally does not significantly affect respiration or pulse. 


Valium Giazepam) 
2-mg, 5-mg, 10-mg tablets 


Before prescribing, please consult 
complete product information, a summary 
of which follows: 

Indications: Tension and anxiety states, 
somatic complaints which are concomi- 
tants of emotional factors; psychoneu- 
rotic states manifested by tension, 
anxiety, apprehension, fatigue, depres- 
sive symptoms or agitation; symptomatic 
relief of acute agitation, tremor, delirium 
tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in 
skeletal muscle spasm due to reflex spasm 
to local pathology, spasticity caused by 
upper motor neuron disorders, athetosis, 
stiff-man syndrome, convulsive disorders 
(not for sole therapy). 

Contraindicated: Known hypersensitivity 
to the drug. Children under 6 months of 
age. Acute narrow angle glaucoma; may 
be used in patients with open angle 
glaucoma who are receiving appropriate 
therapy. 

Warnings: Not of value in psychotic 
patients. Caution against hazardous 
occupations requiring complete mental 
alertness. When used adjunctively in 
convulsive disorders, possibility of in- 
crease in frequency and/or severity of 
*rrand mal seizures may require in- 
ereased dosage of standard anticonvul- 
sant medication; abrupt withdrawal may 
be associated with temporary increase in 
frequency and/or severity of seizures. 
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Advise against simultaneous ingestion 
of alcohol and other CNS depressants. 
Withdrawal symptoms (similar to those 
with barbiturates and alcohol) have 
occurred following abrupt discontinu- 
ance (convulsions, tremor, abdominal 
and muscle cramps, vomiting and sweat- 
ing). Keep addiction-prone individuals 
under careful surveillance because of 
their predisposition to habituation and 
dependence. In pregnancy, lactation or 
women of childbearing age, weigh 


potential benefit against possible hazard. 


Precautions: If combined with other 
psychotropies or anticonvulsants, con- 
sider carefully pharmacology of agents 
employed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors 
and other antidepressants may poten- 
tiate its action. Usual precautions indi- 
cated in patients severely depressed, or 
with latent depression, or with suicidal 
tendencies. Observe usual precautions 
in impaired renal or hepatic function. 
Limit dosage to smallest effective 
amount in elderly and debilitated to 
preclude ataxia or oversedation. 

Side Effects: Drowsiness, confusion, 
diplopia, hypotension, changes in libido, 
nausea, fatigue, depression, dysarthria, 
jaundice, skin rash, ataxia, constipation, 
headache, incontinence, changes in sali- 
vation, slurred speech, tremor, vertigo, 
urinary retention, blurred vision. Para- 


doxical reactions such as acute hyper- 
excited states, anxiety, hallucinations, 
increased muscle spasticity, insomnia, 
rage, sleep disturbances, stimulation 
have been reported; should these occur, 
discontinue drug. Isolated reports of 
neutropenia, jaundice; periodic bleod 
counts and liver funetion tests advisable 
during long-term therapy. 

Desage: Individualize for maximum 
beneficial effect. Adults: Tension, anxiety 
and psychoneurotic states, 2 to 10 mg 
b.i.d. to qi.d.; alcoholism, 10 mg t.i.d. or 
q.i.d. in first 24 hours, then 5 mg t.i.d. or 
q.i.d. as needed; adjunctively in skeletal 
muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; 
adjunctively in convulsive disorders, 

2 to 10 mg b.i.d. to q.i.d. Geriatric or 
debilitated patients: 2 to 2» mg, 1 or 

2 times daily initially. increasing as 
needed and tolerated. (See Precautions.) 
Children: 1 to 2¥2 mg t.i.d. or q.i.d. 
initially, increasing as needed and toler- 
ated (not for use under 6 months). 
Supplied: Valium" (diazepam) Tablets, 

2 mg, 5 mg and 10 mg; bottles of 100 and 
500. All strengths also available in 
Te-E-Dose* packages of 1000. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 
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4 reasons why you should continue 
to recommend Fleischmanns Margarine as 


part of a low saturated fat diet. 


Each pound contains almost 
one cup liquid corn oil. 












Clinical studies show corn oil is unsurpassed among Makes sensible eating delicious. 


vegetable oils in lowering serum cholesterol. 


For years you ve known about the excellent P/S ratio exert an independent suppressant effect on serum 
of Fleischmann's* Margarine; it's high in polyunsat- cholesterol.6.^9 Corn oil has a higher content of plant 
urates, low in saturated fat. Fleischmann's is made from sterols than other margarine vegetable oils. It is believed 
100% corn oil; almost one cup is important liquid corn that these plant sterols are responsible for corn oil 
oil. Clinical tests have shown corn oil is unsurpassed being unsurpassed in lowering serum cholesterol when 
among vegetable oils for lowering serum cholesterol.!-? compared to other commonly used vegetable oils 
And because Fleischmann's is made from 100% corn having a higher P/S ratio. 4.5 
oil, it tastes delicious. Fleischmanns Margarine can be recommended 

The excellent P/S ratio, however, is only partly re- with confidence for low cholesterol/low saturated fat diets 


sponsible for Fleischmann s hypocholesteremic effect. because it is made from 100% com oil. Fleischmann 
Studies indicate that natural plant sterols in corn oil makes sensible eating delicious. 


And one coupon to get 
our free booklets to help your patients 
stay on that diet. 
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Tasty, nutritious and interesting 
dishes prepared without salt. 






Model low saturated fat menus, delicious 
recipes, calorie-controlled diets. 


Fleischmann's Margarine 
P.O. Box 1422 
Elm City, N.C. 27822 


Please send me informational, recipe and menu booklets 
to augment my instructions to patients. (Check Booklets Desired) 
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—  "Low-Sodium Diets Can Be Delicious” a good diet at all 
“The Prevention of Heart Disease Begins in Childhood” ages. Foods listed by 
(A handy reorder card for quantity requests will be sent with each booklet.) saturated fat content. 
m 
Dr. : 
pease eiet Allow 4 to 6 weeks for delivery. Orders 
Address without zip code cannot be accepted. Offer 
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HYPERTENSION 


DIABETES 


ELEVATED 
CHOLESTEROL 


You have your own therapeutic regimen to reduce these 
risk factors—the “Big Four” accelerators of stroke. 


-and TIAs-the Prophetic Fifth Horseman 


Transient Ischemic Attacks 
(TIA’s) are another signal of im- 
pending stroke that is particularly 
ominous. In fact, 3396 of patients 
with TIA's will develop a severe 
neurological deficit within 5 years.* 

For such patients, PAVABID 
(papaverine HCl) vasodilatation 
helps to preserve cerebral circula- 
tion. By reducing arterial tone, 
Pavabid therapy helps block 
vasospasm that can result in 
neurological damage. 


"Meyer, J. S., and Gilroy, J.: Medical Neurology 


PAVABID 


(papaverine HCI, 
150 mg.) 
Plateau CAPS* 


Pavabid® Plateau CAPS* (Papaverine HCI, 
150 mg.)—Each capsule contains papaverine 
hydrochloride, 150 mg. in a special base for 
prolonged therapeutic effect. Indications 


ischemia associated with arterial spasm and 
myocardial ischemia complicated by arrhyth- 
mias. Dosage: One capsule every 12 hours. 

In difficult cases, administration may De in- 
creasec to one Capsule every 8 hours. or two 
capsules every 12 hours. Precaution: Use with 
cauticn in patients with glaucoma. Hepatic 
hypersensitivity has been reported with gastro- 
intestinal symptoms, jaundice, eosinophilia 
and altered liver function tests. Discontinue 
medication if these occur. Side effects: 
Infrequently reported side effects of papaverine 
include nausea, abdominal distress, anorexia, 
constipation, malaise, drowsiness, vertigo, 
sweating and headache, diarrhea and skin rash 


Another patient benefit product from 
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NEW GOO A DRAMATIC LEAP FORWARD 


IN DYNAMIC ELECTROCARDIOGRAPHY! 





Model 660 Features: 





2-channel playback of Holter recordings 
2-channel paper writer 

120:1 playback ratio (24-hour recording 
scanned in 12 minutes) 

Trend recording of S-T segment and heart rate 
Digital display and chart recording of 
ventricular and supraventricular ectopic beats 
Total heart beat counter 

Digital display clock 

Automatic time print-out on ECG write-out 
Adjustable delay loop for tape deck 

Solid state, modular design 

















Name and Title 


Now available to every physician... an advanced 
ECG system for post MI follow-up, pacemaker 
evaluation, evaluation of drug administration, and 
detecting the causes of such fleeting symptoms as 
phantom chest pains and dizziness. 


Model 425 Holter Monitor 

Provides a 2-channel, 24-hour ECG recording of 
ambulatory patients. 

Model 660 Electrocardioscanner® 

Performs a 12-minute scan of the 24-hour, 2-chan- 
nel tape recording and provides standard ECG 
documentation of abnormalities and quantification 
of arrhythmia and ischemic data. 


[] Please send me the literature. | would like to know more about Holter monitoring 
and the Avionics Dynamic Electrocardiographic Systems. 


Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 





Organization B 





Address 





City 


State Zip. 





AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, Calif. 90045/Phone: (213) 641-7700 
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SYMPOSIUM ON THE USE OF VIDEO TECHNOLOGY IN 
CARDIOVASCULAR RESEARCH 


135 Introduction 
D. LUKE GLANCY and MELVIN L. MARCUS 


136 Experimental Studies on the Mechanisms of Closure of Cardiac Valves with Use of Roentgen 
Videodensitometry 


ANASTASIOS G. TSAKIRIS, RALPH E. STURM and EARL H. WOOD 


Roentgen videodensitometric studies demonstrate that a rapid increase in ventricular pressure and de- 
crease in size of the valvular annulus at the onset of ventricular systole constitute the major factors produc- 
ing efficient closure of the atrioventricular valves. Vigorous ejection of blood through the aortic valve aids 
in the closure of the aortic valve. Experimental evidence in the dog does not support the concept that in- 
activation or atrophy of the papillary muscles produces mitral insufficiency. 


144  Videodensitometric System for Measurement of Vessel Blood Flow, Particularly in the Coronary 
Arteries, in Man 


HUGH C. SMITH, RALPH E. STURM and EARL H. WOOD 


This roentgen videodensitometric system allows objective determination of blood flow, simultaneously 
with an assessment of vessel structure, at selected sites within the coronary circulation or nearly any other 
circulatory system in intact man. Flow values obtained by this method show a good correlation with those 
obtained by electromagnetic methods. 


151 Left Ventricular Wall Motion Disorders, Functional Left Ventricular Aneurysms. Their Detection 
by Radarkymography 


THOMAS M. KAZAMIAS and MARTIN P. GANDER 


Radarkymography, a noninvasive technique for recording and projecting the horizontal movements of the 
cardiac silhouette on a television screen, provides a reliable and reproducible method of great clinical 
value in detecting and sequentially following wall motion disorders in patients with coronary artery disease 
or cardiomyopathy. The abnormal radarkymographic patterns recorded from the left ventricular border 
include paradoxical pulsation, hypokinesis and akinesis. The main limitation of the method is that it can be 
used only when an interface exists between the cardiac silhouette and the adjacent structure. 


continued 
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Elderly... doesn’t get out much any- 
more ...whole world slowed down. 


constipation: 


.. Often, on various 
constipating drugs. 


.. inactive, frequently 
debilitated...weakened muscles 


.. Sluggish, atonic bowel. 
Result—in many oldsters—constipation 


laxation: 


Gentle, predictable and easy-to-take 
SENOKOT Tablets or Granules. Taken at 


bedtime, they usually induce comfort- 
able evacuation in the morning. 
Leave your older patient feeling more 
like getting up and around. 

Supplied: SENOKOT Tablets (small 


easy-to-swallow)—Bottles of 50 and 100. 
SENOKOT Granules (delicious, cocoa- 


flavored)—4, 8 and 16 ounce 
(1 Ib.) canisters. 





a 


Senoko 


(standardized senna concentrate) 


Tablets/Granules 


a natural laxative 


Purdue Frederick 
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156 Experimental and Early Clinical Evaluation of Heart Tracking (Radarkymography) as a Noninvasive 
Method for Measuring Myocardial Contractility 


SIDNEY LEVITSKY, WILLIAM H. SCHUETTE, KENNETH M. KEMPNER, ROBERT SLOANE, 
SHERMAN G. SOUTHER, EDWARD M. MULLIN and ANDREW G. MORROW 


Radarkymography, a technique of recording the motion of the left border of the heart with use of video 
signals from a portable fluoroscopic image intensifier, provides a simple, noninvasive method for quantify- 
ing changes in myocardial contractility in intact animals, and presumably in man. In this study the product 
of the tracking wave height and slope correlated significantly with the first derivative of left ventricular 
pressure, left ventricular strain gauge displacement and peak aortic flow velocity. 


162 Measurement of the Rate and Velocity of Movement by Single Heart Cells in Culture 


EDWARD J. THOMPSON, SAMUEL H. WILSON, WILLIAM H. SCHUETTE, 
WILLARD C. WHITEHOUSE and MARSHALL W. NIRENBERG 


Newly developed techniques involving a light-sensitive field effect transistor combined with television 
monitoring and video analysis permit recording of the rates of contraction as well as velocities of contrac- 
tion and relaxation of myocardial cells in culture under the influence of various drugs. Data on the effects 
of L-norepinephrine on heart celis in such cultures are presented. 


167 Video Instrumentation for Radionuclide Angiocardiography 
JOSEPH P. KRISS 


Dynamic radionuclide angiography is a simple, reliable, noninvasive screening test for patients with con- 
genital and acquired heart lesions. When combined with coronary arterial catheterization, it may provide 
useful information about regional myocardial perfusion that may not be evident from contrast study alone. 


175 Use of a Video System in the Study of Ventricular Function in Man 


MELVIN L. MARCUS, WILLIAM H. SCHUETTE, WILLARD C. WHITEHOUSE, JAMES J. BAILEY, 
MARGARET ANN DOUGLAS and D. LUKE GLANCY 


This communication describes a sophisticated but practical video-based computer-linked system that 
measures ventricular volume from cineangiograms by automated border recognition or by manually as- 
sisted video planimetry. A computer system calculates complex indexes of ventricular function from simul- 
taneously obtained pressure and volume data. The many potential uses of the system are described. 


180  Biplane Roentgen Videometric System for Dynamic (60/Sec) Studies of the Shape and Size of 
Circulatory Structures, Particularly the Left Ventricle 


ERIK L. RITMAN, RALPH E. STURM and EARL H. WOOD 


An operator interactive video system is used to calculate left ventricular volume and three-dimensional 
shape using up to 200 pairs of diameters measured from ventriculograms at the rate of 60 pairs of biplane 
images per second. The results confirm the usefulness and reliability of this method when beat to beat 
data are of interest and not accessible by conventional means in animals or man studied without thoracot- 
omy. 
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what he wants— /] 
in a new 
Burdick EK/5A 
Electro- 
cardiograph 













THE PHYSICIAN THE NURSE OR THE BIOMED THE ADMINISTRATOR 
demands diagnostic ac- MEDICAL TECHNICIAN ENGINEER AND PURCHASING 
curacy, definition, de- wants the ease of op- looks for multiple use AGENT 
pendability; no time- eration that results in in the hospital; patient- like (1) the savings that 
consuming retakes; time saving—from fea- isolated circuitry (leak- result from dependable 
mistake-freelead tures like the EK/5A age is less than 10 performance; (2) medi- 
coding—and that's what automatic lead marking microamperes); solid- cal staff satisfaction, 
the solid-state EK/5A activated by a fast- state simplicity; multi- and (3) Burdick dealer 
delivers. Exceeds AHA switching lead selector, ple circuit boards for service and mainte- 
frequency response and easy portability. easier, faster service; nance availability. 
recommendations. computer compatibili- THE BURDICK 

ty; sound ECG design. CORPORATION 


Milton, Wis. 53563 
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CLINICAL STUDIES 


188 Role of Intraventricular Conduction Disturbances in Ventricular Premature Systoles 
YOSHIO WATANABE, JOSE C. PAMINTUAN and LEONARD S. DREIFUS 
The incidence of ventricular premature contractions, 4.44 percent in the entire group of 10,000 electro- 
cardiograms studied, fell to 3.73 percent in the presence of normal intraventricular conduction and rose 
to 9.80 percent in tracings with abnormal intraventricular conduction. Ventricular premature systoles are 


more likely to originate from the area of intraventricular conduction delay. These impulses seem to invade 
and partially utilize the other fascicles of the Purkinje system for ventricular excitation. 


196  Rate-Dependent Right Precordial Q Waves: “Septal Focal Block" 
MIGUEL GAMBETTA and RORY W. CHILDERS 
Rate-dependent pathologic Q waves in leads V4 to V3 in two patients with myocardial infarction and, 


months later, with atrial premature beats are attributed to a focal block in the septal fibers of the left bundle 
branch system. 


EXPERIMENTAL STUDIES 


202  Digitalis-Induced Longitudinal Dissociation in Canine Cardiac Purkinje Fibers 
JOHN C. BAILEY, GARY J. ANDERSON and CHARLES FISCH 


The occurrence of longitudinal dissociation in unbranched canine false tendons exposed to toxic concen- 
trations of acetylstrophanthidin suggests that such dissociation of conduction in the Purkinje system may 
be an important cause of ventricular extrasystoles. The depressed, inhomogeneous conduction induced 
by acetylstrophanthidin permitted reflection of a slowly propagating wave front, giving rise to premature 
reexcitation. 


REPORTS ON THERAPY 


209 Effectiveness of Pacemaker Treatment in the Bradycardia-Tachycardia Syndrome 
CESAR A. CONDE, JEFFREY LEPPO, JANET LIPSKI, BARRY STIMMEL, ROBERT LITWAK, 
EPHRAIM DONOSO and SIMON DACK 


Permanent ventricular pacemaker therapy proved effective in 31 patients with the bradycardia-tachycardia 
syndrome whose symptoms and multiple arrhythmias were not controlled by drug therapy alone. Pace- 
maker therapy prevents recurrence of arrhythmias by allowing the safe use of digitalis and other antiar- 
rhythmic agents. 


215 Treatment of Sinoatrial Rhythm Disturbances with Permanent Cardiac Pacing 
DEENBANDHU S. CHOKSHI, EUGENE MASCARENHAS, PHILIP SAMET and SOL CENTER 
Experience with 52 patients suffering from symptomatic sinoatrial disturbances confirms the effectiveness 
of permanent ventricular pacing therapy, particularly in conjunction with antiarrhythmic drugs. Forty-seven 


patients had ventricular and five had coronary sinus pacemakers. Syncopal episodes were abolished, heart 
failure was controlled and tachyarrhythmias were prevented. 


continued 
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To convert to normal sinus rhythm, 
and maintain...and maintain... and maintain... 


CARDIO UIN tablets 


(quinidine polygalacturonate) 
Low B.I.D. or T.I.D. dosage in most cases 
Greater G.L. tolerance 
Full quinidine cardiodynamics 


“From case records on file with the Medical Department, The Purdue Frederick Company. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine polygalacturonate) are indicated in the treatment of: premature 
atrial and ventricular contractions; paroxysmal atrial tachycardia; paroxysmal AV junctional rhythm; atrial flutter; paroxysmal atrial 
fibrillation; established atrial fibrillation when therapy is appropriate; paroxysmal ventricular tachycardia when not associated with 
complete heartblock; maintenance therapy after electrical conversion of atrial fibrillation and/or flutter. CONTRAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to escape mechanisms should not be treated with quinidine. WARNING: In the 
treatment of atrial flutter -eversion to sinus rhythm may be preceded by a progressive reduction in the degree of AV block to a 
1:1 ratio and resulting extremely rapid ventricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine polygalacturonate 
275 mg.) is equivalent in quinidine content to 3 grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage must be 
adjusted to individual needs, both for conversion and maintenance. An initial dose cf 1 to 3 tablets may be used to terminate 


arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhy 
increased by ¥2 to 1 table: (137.5 to 275 mg.) and administered thre 


Nance, one tablet may be used two to three times a day; 
Uncoated, scored tablets in bottles of 50. 


thm is not restored after 3 or 4 equal doses, the dose may be 
© to four times before any further dosage increase. For mainte- 
generally one tablet morning and night will be adequate. SUPPLIED:. 


PURDUE FREDERICK 





Contents 
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HISTORICAL MILESTONES 


221 Fiedler on Acute Interstitial Myocarditis (1899) —1 
SAUL JARCHO 


This historical milestone presents the first part of Fiedler's well known, but little read classic paper on acute 
interstitial myocarditis. 


PROGRESS REPORT 


224 Facilities for Open Heart Surgery in the United States. Distribution, Utilization and Cost 
JAMES K. ROCHE and JAMES M. STENGLE 


Data from 88 percent of institutions in the United States with open heart surgery facilities show a highly 
variable patient case load per hospital, ranging in 1971 from 1,616 cases in one hospital to only 4 cases in 
another. The percentage of hospitals performing 25 or fewer open heart procedures annually decreased 
from 52 percent in 1967 to 14 percent in 1971. Significant improvement in utilization of existing facilities 
and skilled personnel requires careful studies documenting need and potential for optimal usage before 
additional hospitals acquire facilities for open heart surgery. 


CASE REPORTS 


229  Carcinoid Heart Disease. Surgery for Tricuspid and Pulmonary Valve Lesions 


CARLOS CARPENA, JEROME HAROLD KAY, A. MICHAEL MENDEZ, JOHN V. REDINGTON, 
PABLO ZUBIATE and REUBEN ZUCKER 


A 26 year old woman with carcinoid heart disease had no symptoms of heart disease more than one year 
after undergoing pulmonary valvotomy and replacement of the tricuspid valve by a Kay-Shiley disc valve 
with a muscle guard. It is recommended that such patients with significant valvular deformities unrespon- 
sive to medical treatment be operated on to improve both survival and the quality of life. 


234 Pseudomonas Endocarditis 
ALAN SAROFF, DONALD ARMSTRONG and WARREN D. JOHNSON, Jr. 
The successful results in this heroin addict and a review of the medical literature suggest that the proper 
antibiotic regimen for pseudomonas endocarditis should include polymyxin B, gentamicin and probably 


carbenicillin in maximal tolerated doses for at least 6 to 8 weeks from the date of the last negative blood 
culture. There are only 5 well documented cases of successful treatment. 


238  Alcohol-Induced Prinzmetal Variant Angina 
DAVID FERNANDEZ, J. EDWARD ROSENTHAL, LAWRENCE S. COHEN, GRAEME HAMMOND 
and STEVEN WOLFSON 


Prinzmetal's variant angina in this 47 year old man was constantly incited by the ingestion of alcohol which 
altered cardiovascular homeostasis in some way sufficiently to cause myocardial oxygen requirements to 
outstrip the supply. Double aortocoronary saphenous vein bypass grafts completely relieved the symptoms. 
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New Respiratory Gas Analyzer 
and Stress Test Monitor... 





Now, for the first time, totally automatic, 


minute-by-minute upda 


te of respiratory functions during 


physical stress testing — plus continuous ECG 


monitoring — all in one compact system! 
A. MODEL 800 RESPIRATORY GAS ANALYZER B. MODEL 2900 STRESS TEST MONITOR 
* All digital data continuously displayed and updated * Large, two-channel oscilloscope displays 
each minute ECG waveform 


* Expired volume up to 199.9 liters per minute B. 


* Oxygen uptake up :o 9.99 liters per minute S.T.P.D. 


* Oxygen uptake per kilogram body weight per 
minute up to 99.9 milliliters 


e CO, in liters per minute, and RQ 
è Total heart beats per minute 


TPS * Built-in digital heart rate meter numerically 
displays instantaneous or average heart rate 


* Built-in ECG paperwriter meets AHA 
recommendations 


* Optional automatic timer/programmer 
automatically controls paperwriter 


* Optional S-T segment computer/display 


* Elapsed-time clock synchronizes complete system numerically displays S-T elevations and 


and provides digital display 
* Digital outputs for printers and plotters 


depressions 


O Please send li 
Name & Title 


terature O Contact me for a demonstration 





AVIONICS Organization 





Address 





AVIONICS BIOMEDICAL DIVISION 6901 West Im 
Del Mar Engineering Laboratories 


perial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
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EDITORIALS 


Myocardial Revascularization at the Community Hospital Level 
DONALD B. EFFLER 
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Letters to the Editor 

Nitroglycerin and Coronary Blood Flow in Coronary Artery Disease 
Coronary Artery Surgery for the Patient with the Impaired Left Ventricle 
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Percutaneous Transfemoral Right Heart Catheterization 
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Rheumatic fever prevention. 

Here’s true convenience for patients who 
must receive prophylactic penicillin indef- 
initely. A prolonged-action penicillin— 
benzathine penicillin G. Recommended as 
the method of choice* to prevent strepto- 
coccal infection and possible recurrence of 
rheumatic fever. A single monthly injection 
(1,200,000 units) offers continuous prophy- 
laxis in most patients. 


Action against strep. 

In therapy of mild to moderate group A strep- 
tococcal pharyngitis (without bacteremia), 
prolonged action again commends this 
penicillin, named by authorities a method of 
choice* Just one injection (600,000 to 
900,000 units in children and 1,200,000 units 
in adults) usually maintains serum concen- 
trations for the ten days considered 
necessary to eradicate the streptococci and 
preclude the initial onset of rheumatic fevers 


*Rheumatic Fever Committee of the Council on Rheumatic 
Fever and Congenital Heart Disease of the American Heart 
Association. 


Indications: In treatment of infections due to penicillin G-sensitive 
microorganisms susceptible to the low and very prolonged serum levels 
common to this dosage form. Therapy should be guided by bacterio- 
logical studies (including sensitivity tests) and Clinical response. 

The following infections usually respond to adequate dosage of IM 
benzathine penicillin G. 
Streptococcal infections (Group A—without bacteremia). Mild to 
moderate upper respiratory infections (e.g., pharyngitis). 
Venereal infections — Syphilis, yaws, bejel, and pinta. 

Medical Conditions in which 
Benzathine Penicillin G Therapy 
is indicated as Prophylaxis: 
Rheumatic fever and/or chorea — 
Prophylaxis with benzathine penicillin 
G has proven. effective in preventing 
recurrence of these conditions. 
It hasalso been used as followup 
prophylactic therapy for rheumatic 
heart disease and acute glomerulonephritis. 







c 


FOR DEEP INTRAMUSCULAR INJECTION ONLY. 
Contraindications: Previous hypersensitivity reaction to any penicillin. 


Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported. Anaphylaxis is more frequent 
following parenteral therapy but has occurred with oral penicillins 
These reactions are more apt to occur in individuals with history of 
sensitivity to multiple allergens. Severe hypersensitivity reactions with 
cephalosporins have been well documented in patients with history of 
penicillin hypersensitivity. Before penicillin therapy, carefully inquire 
into previous hypersensitivity to penicillins, cephalosporins and other 
allergens. If allergic reaction occurs, discontinue drug and treat with 
usual agents, e.g., pressor amines, antihistamines and corticosteroids. 


Precautions: Use cautiously in individuals with histories of significant 
allergies and/or asthma. 

Carefully avoid intravenous or intraarterial use or injection into or near 
major peripheral nerves or blood vessels, since such injection may 
produce neurovascular damage. 

+in streptococcal infections, therapy must be sufficient to eliminate 
the organism, otherwise the sequelae of streptococcal disease may 
occur. Take cultures following completion of treatment to determine 
whether streptococci have been eradicated. 

Prolonged use of antibiotics may promote overgrowth of non- 
susceptible organisms including fungi. Take appropriate measures if 
superinfection occurs. 


Adverse Reactions: Hypersensitivity reactions reported are skin 
eruptions (maculopapular to exfoliative dermatitis), urticaria and other 
serum sickness reactions, laryngeal edema and anaphylaxis. Fever and 
eosinophilia may frequently be only reaction observed. Hemolytic 
anemia, leucopenia, thrombocytopenia, neuropathy and nephropathy 
are infrequent and usually associated with high parenteral doses. 

As with other antisyphilitics, Jarisch-Herxheimer reaction has been 
reported. 


Composition: (units benzathine penicillin G as active ingredient): 
300,000 units per cc.—10-cc. multi-dose vial. Each cc. also contains 
sodium citrate buffer, approximately 6 mg. lecithin, 3 mg. polyvinyl- 
pyrrolidone, 1 mg. carboxymethylcellulose, 0.5 mg. sorbitan mono- 
palmitate, 0.5 mg. t gei sorbitan monopalmitate, 0.14 mg. 
propylparaben and 1.2 mg. methylparaben 

600.000 units in 1-cc. TUBEX® (sterile cartridge-needle unit) Wyeth, 
packages of 10. 

1,200,000 units in 2-cc. TUBEX, packages of 10, and in 2-cc. single- 
dose disposable syringe. 

2,400,000 units in 4-cc. single-dose disposable syringe. 

Each TUBEX or disposable syringe also contains sodium citrate buffer 
and, as w/v, approximately 0.5% lecithin, 0.4% carboxymethylcellulose, 
0.4% polyvinylpyrrolidone, 0.01% propylparaben and 0.09% 
methylparaben. 


Injection 


® 
BICILLIN -nccrne 





—' (sterile benzathine 







nl penicillin G suspension) 
Month-long NY Wyeth Laboratories 


rheumatic feve 
prophylaxis `\ 
gives freedom from 

daily dosage. 


LESS frequency and severity Duration: 
of anginal attacks . 4-6 hours for prolongec 


rotection 
LESS need for nitroglycerin ii or AND 


D.En. |; Within 1530 minutes 
And probably . And when indicated: 


| 


) S  Sorbitrate" (isosorbide 
LESS anxiety and apprehension - dinitrate) 5 mg. oral 
over imminent attacks. | tablets 


"Oral dosage forms of this drug have been evaluated as possibly effective. See Brief Sunimary. 





SUMMARY OF PRESCRIBING INFORMATION 





Indications: Based on a review of this drug by the National Academy 
of Sciences — National Research Council and/or other information, 
FDA has classified the indication as follows: 

"Possibly" effective: For the treatment of angina pectoris. 

Final classification of the less-than-effective indications require | 
| further investigation. | 








Contraindications: A history of sensitivity to the drug 
Warnings: Data supporting the use of nitrates during the early days of 
the acute phase of myocardial infarction are insufficient to establish 
safety. 
Precautions: Should be used with caution in patients who have glaucoma. 
Tolerance and cross tolerance to other nitrates may occur. 
Adverse Reactions: Headache which may be severe and persistent 
Lowering the dose and using analgesics will help control the headaches 
which usually diminish or disappear as therapy is continued 

Adverse reactions seen occasionally: Cutaneous vasodilation with 
flushing; transient dizziness and weakness as well as other signs of 
cerebral ischemia associated with postural hypotension; individual 





marked sensitivity to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic dose ( alcohol may 
enhance this effect); drug rash and/or exfoliative dermatitis 

This drug can act as a physiological antagonist to norepinephrine, 
acetylcholine, histamine and other agents. 

Dosage and Administration: Oral tablets. 

Individual Dose: Smallest effective dose should be employed. Five to 
10 mg. is the range commonly used although doses of up to 30 mg. have 
frequently been employed. 

Dosage Schedule: Smallest effective dose necessary for the prevention 
and treatment of pain of an anginal attack. Oral SORBITRATE may be 
taken 3 to 4 times daily. Although the onset and duration of effect of 
coronary nitrates may vary, following are the generally reported ranges 
of these values for SORBITRATE: 

Onset of Effect: Oral: 15to 30minutes. 

Duration of Effect: Oral: Estimated to be 4 to6 hours. 

Itis recommended that the oral dosage be taken on an empty stomach 


STUART PHARMACEUTICALS | Div of ICI America Inc 
WILMINGTON, DEL. 19899 | PASADENA, CALIF. 91109 


We went right to the heart of the 
problem. The result? A cardiac event 
recorder that eliminates all the 
drawbacks of conventional Holter 
monitoring equipment. 

The Medisystems™ unit combines a 
mini-cassette recorder with a remarkably 
new and innovative cardiac data 
processor. A unit that's ultra-compact, 
light as a feather, and practically 
unobtrusive. It's worn at the waist and 
connected to the patient by a modified 
Vi electrode configuration. And may be 
worn any length of time. But the 
feature that really makes the 
Medisystems™ Cardiac Event Recorder 
unique is its ability to analyze and record 
all arrhythmias and conduction defects. 
And since only abnormal cardiac 
activity triggers the recorder, it's not 
necessary to record hours of normal 

. sinus rhythm. Even artifacts are 
discriminated by the equipment. 

The system also includes a Tape 
Playback Unit that enables the physician 
to transcribe the tapes and obtain an 
ECG printout without sending the tape 
to be scanned. Instant replay that permits 
immediate evaluation. 

For additional information, literature or 
an actual demonstration... call or write 
us today. 


ME, 
Hee MEDISYSTEMS™ from 
Mediscience Technology Cor 
eec Avenua / Collingsu D 
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HAVE YOU 
IDENTIFIED THE 10% OF 
YOUR PATIENTS WITH 
HIGH BLOOD PRESSURE? 





















The Public Health 
Service estimates 
that 23 million 
Americans — about 
1096 of the popula- 
tion —are hyper- 
tensive. But only 
half of them are 
aware of their dis- 
ease, and only one- 
fourth of these are 
following an ade- 
quate treatment 
program. 


Consider the facts about hypertension: 


AT LEAST 250,000 PATIENTS DIEOR 
ARE DISABLED EACH YEAR AS A RESULT OF 
HYPERTENSIVE COMPLICATIONS. 


EVEN “MILD” HYPERTENSION IS ASSOCIATED WITH 
A SIGNIFICANT DECREASE IN LIFE EXPECTANCY.’ 


TREATMENT OF HYPERTENSION CAN REDUCE 
OR VIRTUALLY ELIMINATE THE CARDIOVASCULAR 
COMPLICATIONS OF HIGH BLOOD PRESSURE.’ 


A variety of effective therapeutic agents are available, but treatment can’t begin until the diagnosis 
is made. Taking the blood pressure of every patient you see is the first step in reducing morbidity 
and mortality from hypertension. This simple procedure can save the lives and preserve the 
health of your patients. Is there any reason not to do it? 


The National High Blood Pressure Education Program is 
a campaign sponsored by voluntary and governmental 
health agencies to prevent needless death and disability 
from hypertension through early detection and treatment. 
Working with leaders of the Program, Smith Kline & 
French Laboratories has developed an information pack- 
age for the physician in private practice. It includes re- 
prints of the Veterans Administration Cooperative Study, 
an outline of the Program’s diagnostic and therapeutic 
recommendations, and booklets and visual aids to help 
your hypertensive patient understand high blood pressure 
and the importance of treatment. To get your copy, please 
get in touch with your Smith Kline & French Repre- 
sentative. For additional information about the Program, 
contact the High Blood Pressure Information Center, 
120/80 National Institutes of Health, Bethesda, Mary- 
land 20014. 





References: 

1. Public Health Service estimate. 

2. The Build and Blood Pressure Study, 1959, Chicago, 
Society of Actuaries, 1959, vol. 1. 

3. Effects of Treatment on Morbidity in Hypertension. 

II. Results in patients with diastolic blood pressure averag- 
ing 90 through 114 mmHg. Veterans Administration Coop- 
erative Study Group on Antihypertensive Agents, J. A.M.A. 
213:1143 (Aug. 17) 1970. 


Cooperation between the Program and SK&F does not 
imply endorsement of any diuretic/antihypertensive drug 
product. 





Once you've established the diagnosis of essential hypertension, successful therapy depends 
largely on the patient’s adherence to your treatment program. Simplicity, low cost and absence 
of side effects can be vital, especially with the asymptomatic hypertensive patient. 


So when you're choosing an antihypertensive diuretic, consider the facts about ‘Dyazide’: 


‘Dyazide’ eliminates the need for routine Kt supplements, with their additional cost 


and inconvenience. 


‘Dyazide’ acts to prevent hypokalemia and its uncomfortable symptoms: weakness, 


headache, muscle cramps. 


‘Dyazide’ lowers blood pressure as effectively as plain hydrochlorothiazide. 





Trademark 


DYAZIDE 


Each capsule contains 50 mg. of Dyrenium® (brand of triamterene) and 25 mg. of hydrochlorothiazide. 


SPARES THE HYPERTENSIVE'S POTASSIUM 


SIMPLIFIES ANTIHYPERTEN 


LOWERS BLOOD PRESSURE 


AS EFFECTIVELY AS PLAIN THIAZIDES 


Before prescribing, see complete prescribing 
information in SK&F literature or PDR. 


Indications: Edema associated with con- 
gestive heart failure, cirrhosis of the liver, 
the nephrotic syndrome; steroid-induced 
and idiopathic edema; edema resistant to 
other diuretic therapy. Also. mild to 
moderate hypertension. 


Contraindications: Pre-existing elevated 
serum potassium. Hypersensitivity to either 
component. Continued use in progressive 
renal or hepatic dysfunction or developing 
hyperkalemia. 


Warnings: Do not use dietary potassium 
supplements or potassium salts unless 
hypokalemia develops or dietary potassium 
intake is markedly impaired. Enteric-coated 
potassium salts may cause small bowel steno- 
sis with or without ulceration. Hyper- 
kalemia(>5.4 mEq/L) has beenreported in 
4% of patients under 60 years. in 12% of 
patients over 60 years, and in less than 8%' 
of patients overall. Rarely, cases have been 
associated with cardiac irregularities. 
Accordingly. check serum potassium during 
therapy, particularly in patients with sus- 
pected or confirmed renal insufficiency (e.g., 
elderly or diabetics). If hyperkalemia 


develops, substitute a thiazide alone. If spi- 
ronolactone is used concomitantly with 
*Dyazide', check serum potassium frequently 
— both can cause potassium retention and 
sometimes hyperkalemia. Two deaths have 
been reported in patients on such combined 
therapy (in one, recommended dosage was 
exceeded; in the other, serum electrolytes 
were not properly monitored). Observe 
patients on ‘Dyazide’ regularly for possible 
blood dyscrasias, liver damage or other idio- 
syncratic reactions. Blood dyscrasias have 
been reported in patients receiving Dyrenium 
(triamterene, SK&F). Rarely, leukopenia, 
thrombocytopenia, agranulocytosis, and 
aplastic anemia have been reported with the 
thiazides. Watch for signs of impending 
coma in acutely ill cirrhotics. Thiazides are 
reported to cross the placental barrier and 
appear in breast milk. This may result in 
fetal or neonatal hyperbilirubinemia, throm- 
bocytopenia, altered carbohydrate metabo- 
lism and possibly other adverse reactions 
that have occurred in the adult. When used 
during pregnancy or in women who might 
bear children, weigh potential benefits 
against possible hazards to fetus. 


Precautions: Do periodic serum electrolyte 
and BUN determinations. Do periodic hema- 





SIVE THERAPY 


tologic studies in cirrhotics with splenomeg- 
aly. Antihypertensive effects may be en- 
hanced in postsympathectomy patients. 

The following may occur: hyperuricemia and 
gout, reversible nitrogen retention, decreas- 
ing alkali reserve with possible metabolic 
acidosis. hyperglycemia and glycosuria 
(diabetic insulin requirements may be 
altered), digitalis intoxication (in hypo- 
kalemia). Use cautiously in surgical patients. 
Concomitant use with antihypertensive 
agents may result in an additive hypo- 
tensive effect. 


Adverse Reactions: Muscle cramps, weak- 
ness, dizziness, headache, dry mouth; ana- 
phylaxis; rash, urticaria, photosensitivity, 
purpura, other dermatological conditions; 
nausea and vomiting (may indicate electro- 
lyte imbalance), diarrhea, constipation, other 
gastrointestinal disturbances. Rarely, necro- 
tizing vasculitis, paresthesias, icterus, pan- 
creatitis, and xanthopsia have occurred with 
thiazides alone. 


Supplied: bottles of 100 capsules. 


SK&F Co. 
Carolina, P.R. 00630 
Subsidiary of SmithKline Corporation 


DIURETIC-INDUCE 
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PREVENT SYMPTOMS OF HYPOKALEMIA WITH... 


KCLYTE on KLYTE GL 


potassium supplement potassium supplement with chloride 


Manifestations of potassium deficiency may range through a variety of signs 
and symptoms including muscular weakness and fatigue...cardiac alterations 
discernible by characteristic ECG tracings...impaired mental function and diminished 
reflexes...impaired respiration...anorexia and abdominal distention. 


The etiology of hypokalemia is also broad, encompassing a number of clinical 
conditions. But most important of all may be a course of treatment that causes 
excessive loss of body potassium—such as thiazide diuretics and corticosteroids. 


No matter what the etiology, the solution is usually potassium . 
supplementation. 


What better way to supplement than with K-LyTE or K-LvTE/CL. Efferves- 
cent K-LYTE tablets supply the usually recommended dose of 50 mEq. potassium daily 
in just two tablets. When chloride is also desirable, K-LYTE/CL provides it in the pre- 
ferred 1:1 ratio to potassium. Both forms are accurate and reliable sources of electro- 
lyte replacement. Administration in *pre-dissolved" form reduces the potential for 
G.I. irritation. Finally, you have a choice of three delicious flavors—a taste of oranges, 
tangy lime or fruit punch—all good enough to drive a patient to drink. 


@ Each effervescent tablet in ® Each dose of powder in 
= solution supplies 25 mEq. potas- = e solution supplies 25 mEq. 
sium as bicarbonate and citrate potassium chloride 


Each tablet or dose must be completely dissolved before taking. 

Indications: K-Lyte and K-Lyte/Cl are oral potassium supplements for therapy or prophylaxis of potassium deficiency. 
Particularly useful when thiazide diuretics or corticosteroids cause excessive excretory potassium losses. Contraindica- 
tions: Impaired renal function with oliguria or azotemia; Addison's disease; hyperkalemia from any cause. Warnings 
and Precautions: Since the amount of potassium deficiency may be difficult to determine accurately; supplements should 
be administered with caution, and dosages adjusted to the requirements of the individual patient. Potassium intoxication 
rarely occurs in patients with normal kidney function. Symptoms of potassium intoxication are variable. They include 
listlessness, mental confusion, and tingling of the extremities. Frequent checks of the clinical status of the patient, ECG, 
and serum potassium level are desirable. In established hypokalemia, attention should also be directed toward other 
potential electrolyte disturbances. Potassium supplements should be given cautiously to digitalized patients. To mini- 
mize the possibility of gastrointestinal irritation associated with the oral ingestion of concentrated potassium salt prepa- 
rations, patients should be carefully directed to dissolve each dose completely in the stated amount of water. K-Lyte/Cl 
contains approximately 20-25 Calories of sucrose per dose which should be considered for patients with restriction of 
caloric intake. Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of 
potassium salts. Dosage and Administration: Adults: 1 tablet or dose completely dissolved, 2 to 4 times daily, depending 
upon the requirements of the patient: K-Lyte: 1 tablet (25 mEq. potassium) in 3 to 4 ounces of cold or ice water; 
K-Lyte/Cl: 1 dose (25 mEq. potassium chloride) in 6 ounces of cold or ice water. 'The normal adult daily requirement 
is approximately 50 mEq. of elemental potassium. NOTE: It is suggested that these 

priae be taken with meals and sipped ees | over a 5-10 minute period. How Supplied: 

K-Lyte: Effervescent tablets—boxes of 30 and 250 (orange or lime flavors). K-Lyte/Cl: Meads MASON! 
Powder, cans of 30 measured doses with scoop (fruit-punch flavor). E 

©1972 MEAD JOHNSON & COMPANY «+ EVANSVILLE, INDIANA 47721 U.S.A. 191372 LABORATORI ES 
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When the heart is under catecholamine siege 


INDERAL propranolol hydrochloride 


The beta-adrenergic blocking agent 
for many cardiac arrhythmias 


Artist’s conception of 
INDERAL (propranolol 
hydrochloride) blockade 
against undesirable catechol- 
amine stimulation. INDERAL 
molecules (red) compete specifically 
with catecholamine molecules (green) 
for available beta-receptor sites in cardiac 

tissue. With fewer catecholamine molecules gain- 

ing access to these sites, beta-adrenergic stimulation is reduced 
proportionately. 
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As the first beta-adrenergic blocking 
agent in clinical cardiologic use, 
INDERAL (propranolol hydrochlo- 
ride) helps prevent or control catecho- 
lamine-induced supraventricular 
cardiac arrhythmias by means of a 
unique mechanism of action. 

Excitatory adrenergic activity from 
sympathetic nerve endings and the 
adrenal medulla is mediated in myo- 
cardial and pacemaker tissue via beta 
receptors. Through blockade of unde- 
sirable catecholamine stimulation at 
these sites, INDERAL decreases im- 
pulse formation and conduction, and 
thus the rate and force of myocardial 
contraction. The clinical benefit is 
generally a reduction of supraventricu- 
lar rate, a slowing of ventricular re- 
sponse, and restoration to sinus rhythm 
in many cases. In responsive patients, a 
subsequent maintenance regimen of 10 
to 30 mg. INDERAL three or four 
times daily can prevent recurrence or 
reduce the frequency and severity of 
paroxysmal attacks. 

With its unique site of action, 
INDERAL does not interfere with the 
therapeutic actions of nonadrenergic 
cardiotonic agents. Thus INDERAL 
can be used in combination—or alone— 
to control arrhythmias when other 
drugs have failed to produce a satis- 
factory response. 

INDERAL is especially effective in 
the management of catecholamine- 
induced supraventricular arrhythmias. 
The response of ventricular arrhyth- 
mias is generally less predictable. 
INDERAL has proved to be of particu- 
lar value in the control of digitalis- 
induced arrhythmias. 


Proved effective over 6 years’ clinical use 


paroxysmal atrial tachycardia** 


NAN 


Propranolol hydrochloride may be useful in preventing 
recurrent attacks of paroxysmal atrial tachycardia 
“including attacks which may be a part of the Wolff- 
Parkinson-White syndrome." 


sinus tachycardia? 


Sonnenblick *would use propranolol hydrochloride in 
treating a rapid sinus tachycardia which is poorly toler- 
ated by the circulation—if the tachycardia were not due 
to some underlying process such as occult blood loss.”® 


atrial flutter**^! 


“Tn the presence of atrial flutter, ventricular rate is often 
difficult to control, and, as with an atrial fibrillation, 
propranolol hydrochloride should be added when the 
flutter is not being controlled by digitalis, especially in 
the presence of mitral valve disease."? 


atrial fibrillation '^** 


"UEM RE^ ders 5S OS ONSE INN DS 


*Propranolol is perhaps most predictably effective in 
the treatment of patients with atrial fibrillation. It re- 
duces the ventricular rate by prolonging the functional 
refractory period of the atrioventricular node. This oc- 
curs whether or not the patient is receiving digitalis.” 


arrhythmias of digitalis intoxication ^*^^ 


“Propranolol has been especially useful in treating pa- 
tients with arrhythmias in the presence of established 
or suspected digitalis toxicity. All too common is the 
clinical situation in which we know the patient has had 
digitalis, but do not know whether he is toxic to digitalis. 
- Propranolol may bea very useful drug in this situation."! 

According to Wehrmacher, propranolol hydrochloride 
“is probably the treatment of choice for digitalis- 
induced tachyarrhythmias.”?° 


BETA-BLOCKADE /INDERAL’ 


ventricular tachycardias (when a matter of minutes 
in controlling the arrhythmia may mean life or 
death and when cardioversion technics are not 
available 3,4,7,9,10,12 


“There appears to be a special place for the use of pro- 
pranolol in patients with prolonged cardiac arrest asso- 
ciated with resistant, recurrent ventricular fibrillation. 
Propranolol has been shown to have an anti-fibrillatory 
effect, and we [the clinicians] believe it should be used 
when standard resuscitation methods and drugs have 
not produced a satisfactory cardiac rhythm."?? 


thr nias associated with anesthesia in selected 


In the treatment of cardiac disturbances occurring dur- 
ing and/or following halothane anesthesia for cardio- 
vascular operations, 141 episodes in 115 patients 
“responded consistently to 1 to 2 mg. of propranolol 
intravenously without serious side effects. The onset of 
the drug’s action was apparent within one to three 
minutes after its injection.” 13 


Also recommended in the management of hyper- 
trophic subaortic stenosis. . . 59 


Oral administration has produced symptomatic im- 
provement in a large majority of patients, some treated 
for several days, and others for as long as several 
months.!° 


...and pheochromocytoma ***°178 


“When surgical removal [of the tumor in pheochromo- 
cytoma] is a oi administration of both a- and 
eig blocking drugs is essential for long-term 
control." 

Administered with awareness of the Contraindica- 
tions, Warnings, Precautions, and Adverse Reactions, 
INDERAL (propranolol hydrochloride) provides a 
valuable tool in controlling a wide variety of cardiac 
arrhythmias, including cases that have proved refrac- 
tory to previous therapy with other drugs. 

With judicious use of INDERAL in suitably selected 
patients, symptomatic improvement is most frequently 
obtained; restoration to sinus rhythm is often possible. 


Ayerst. 
(propranolol hydrochloride) 


(See last page of advertisement for prescribing information.) 


BRIEF SUMMARY 
(For full prescribing information, see package circular.) 


INDERAL 
(propranolol hydrochloride) 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE 
PHYSICIAN SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC 
CONCEPT OF ADRENERGIC RECEPTORS (ALPHA AND BETA), AND 
THE PHARMACOLOGY OF THIS DRUG. 




















INDICATIONS 
INDERAL is indicated in the management of: 
1) CARDIAC ARRHYTHMIAS 
a) Paroxysmal atrial tachycardia 
b) Sinus tachycardia and extrasystoles (atrial and ventricular) 
c) Atrial flutter and fibrillation 
In the majority of cases of flutter or fibrillation, a beneficial effect is obtained 
by thereduction of ventricular response (reduced ventricular rate) to the atrial 
tachyarrhythmia by partial A-V block. Occasionally, normal sinus rhythm 
may be restored, but the mechanism of this action is unknown. 
d) Tachyarrhythmia of digitalis intoxication 
Digitalis-induced tachyarrhythmias may lead the physician to increase the 
dose on the false assumption that the previous dosage was inadequate. Dig- 
italis-induced tachyarrhythmias are usually reversible within minutes by 
INDERAL, given intravenously. Once normal rhythm has been restored, 
maintenance withoral therapy is indicated. (See Dosage and Administration.) 
€) Tachyarrhythmias associated w:th anesthesia 
Tachyarrhythmias during anesthesia may sometimes arise because of carbon 
dioxide accumulation, surgical stimulation, or catecholamine administration. 
When usual measures fail, INDERAL may be given intravenously to abolish 
these arrhythmias. However, INDERAL should not be used to treat arrhyth- 
mias associated with anesthetics that produce myocardial depression, for 
example, chloroform and ether. 
f) Ventricular tachycardias _ 
When a matter of minutes in controlling the arrhythmia may mean life or 
death, and when cardioversion technics are not available, INDERAL may be 
given intravenously slowly and in low dosage. (See Dosage and Administra- 
tion.) Although risks must necessarily be taken to control the arrhythmia in 
these cases, the cautious use of the drug will reduce them to a minimum. Care 
in the administration of INDERAL and constant monitoring with an electro- 
cardiograph is essential, as the failing heart requires some sympathetic drive 
to maintain myocardial tone. 
£) Occasionally in severe tachyarrhythmias, the reduction of ventricular rate 
with use of INDERAL (propranolol hydrochloride) may permit a more ac- 
curate electrocardiographic diagnosis of the arrhvthmia. 
2) HYPERTROPHIC SUBAORTIC STENOSIS 
INDERAL reduces the ventricular gradient induced by exogenous cate- 
cholamine (isoproterenol) by relieving outflow obstruction. The control of 
angina, syncope, vertigo, and palpitations in these patients may represent 
blockade of endogenous catecholamine overstimulation. 
3) PHEOCHROMOCYTOMA 
INDERAL protects the heart from the positive inotropic and chronotropic 
effects of excessive levels of catecholamines. Alpha-adrenergic blocking 
drugs (phenoxybenzamine and phentolamine) diminish the risk of excessive 
hypertension before and during surgical treatment of the pheochrome tumors, 
but donot prevent excessive cardiac stimulation by catecholamines. However, 
INDERAL should always be used concomitantly with alpha-receptor block- 
aders since antagonism of the dilator (beta) action of epinephrine on peripheral 
vessels may leave the constrictor (alpha) action unopposed and cause a serious 
rise in blood pressure. In patients with inoperable or metastatic pheochromo- 
cytoma, INDERAL is auseful adjunct tothe management of symptoms due to 
excessive beta-receptor stimulation. 


CONTRAINDICATIONS 
INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis 
during the pollen season; 3) sinus bradycardia and greater than second degree 
or total heart block; 4) cardiogenic shock; 5) right ventricular failure secondary 
to pulmonary hypertension; 6) congestive heart failure (see under WARN- 
INGS) unless the failure is secondary to a tachyarrhythmia treatable with 
INDERAL, i.e., some patients with congestive failure exhibiting rapid heart 
rates due to a strong sympathetic component, with inadequate response to 
maximum doses of digitalis and diuretic, may be improved by the cautious 
addition of INDERAL to the treatment regimen; 7) in patients receiving an- 
esthetics that produce myocardial depression such as chloroform and ether: 
8) in patients on adrenergic-augmenting psychotropic drugs (including MAO 
inhibitors), and during the two week withdrawal period from such drugs. 

WARNINGS 

CARDIAC FAILURE: Sympathetic stimulation is a significant component 
in supporting circulatory function in congestive heart failure, and inhibition 
with beta-blockade always carries the potential hazard of further depressing 
myocardial contractility and precipitating cardiac failure. 
In frank or incipient congestive failure, therefore, treatment with INDERAL 
should be carried out cautiously and preferably under the protective cover of 
concurrent digitalization. INDERAL acts selectively without abolishing the 
inotropic action of digitalis on the heart muscle (i.e. that of supporting the 
strength of myocardial contractions). 
In patients without a history of cardiac failure, continued depression of the 
myocardium over a period of time can, in some cases, lead to cardiac failure. 
In rare instances, this has been observed during INDERAL (propranolol 
hydrochloride) therapy. Therefore, at the first sign or symptom of impending 


INDERAL* (propranolol hydrochloride) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 
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cardiac failure, patients should be fully digitalized, and the response observed . 


ly: 
(a)if cardiac failure continues to progress, INDERAL (propranolol hydrochlo- 
ride) therapy must be immediately withdrawn; (b) however, if tachyarrhyth- 
mia is being controlled, patients should be maintained on combined dosage 
and the patient closely followed until threat of cardiac failure is over. 
PATIENTS PRONE TO HYPOGLYCEMIA: Caution should be exercised 
in the administration of INDERAL to patients subject to spontaneous hypo- 
glycemia or to diabetics (especially labile diabetics) receiving insulin or oral 
hypoglycemic agents. Because of 


PRECAUTIONS 

Patients receiving catecholamine depleting drugs such as reserpine should 
beclosely observed when INDERAL is introduced into the treatment regimen. 
The added catecholamine blocking action of this drug may then produce an 
excessive reduction of the resting sympathetic nervous activity. 
Occasionally, the pharmacologic activity of INDERAL may produce hypo- 
tension and/or marked bradycardia resulting in vertigo, syncopal attacks, 
or orthostatic hypotension. 
As with any new drug given over prolonged periods, laboratory parameters 
should be observed at regular intervals. The drug should be used with caution 
in patients with impaired renal or hepatic function. 

ADVERSE REACTIONS 
In the majority of patients INDERAL is well tolerated, and side effects have 
been transient in nature, rarely necessitating withdrawal of therapy. Nausea, 
vomiting, light-headedness, mild diarrhea, constipation, and mental depres- 
sion (manifested by insomnia, lassitude, weakness, and fatigue) have been 
observed during thecourse ofclinical investigation. One case of mental depres- 
sion which progressed to a catatonic state was returned to normal when the 
drug was discontinued. Isolated cases of erythematous rash, paresthesia of 
the hands, fever combined with aching and sore throat, visual disturbances, 
and hallucinations have also been reported. Rarely, respiratory distress and 
laryngospasm have been reported following intravenous administration. 
Elevated blood urea levels have occasionally been observed in a few patients 
with severe heart disease, and it is suspected that these high values were 
due to the renal status of the patient rather than a result of therapy. Sim- 
ilarly, elevated serum transaminase levels have occasionally been observed, 
but in no ease was there any clinical or other laboratory evidence of hepatic 
dysfunction. One case of nonthrombocytopenic purpura and one case of 
thrombocytopenic purpura have been reported from abroad in patients who 
were receiving other drugs in addition to INDERAL (propranolol hydro- 
chloride). Three instances of reversible alopecia coincident with INDERAL 
administration have been reported; relationship to the drug has not been 


ep DOSAGE AND ADMINISTRATION 
The oral reute of administration is preferred. 
ORAL 


Arrhythmias — 10-30 mg. threeor four times daily, before meals and at bedtime. 
Hypertrophic Subaortic Stenosis — 20-40 mg. three or four times daily, before 
meals and at bedtime. 
Pheochromocytoma — Preoperatively —60 mg. daily in divided doses for 
three days prior to surgery, concomitantly with an alpha-adrenergic blocking 
agent. — Management of inoperable tumor —30 mg. daily in divided doses. 
INTRAVENOUS 
The usual dose is from 1-3 mg. administered under ECG monitoring. The 
rate of administration should not exceed 1 mg. (1 cc.) per minute. Sufficient 
time should be allowed to enable a slow circulation to carry the drug to the 
site of action. Once an alteration in rate of rhythm is recorded, it is advisable 
to give no further INDERAL until the full effect is observed. 
Depending on the response, a second dose may be repeated after two minutes. 
Additional medication should not be given in less than four hours. Therapy 
with oral dosage is advisable as soon as possible. 
NOTE: Should excessive bradycardia occur, atropine 0.5-1.0 mg. should be 
administered intravenously. 

SUPPLIED 


Inderal* (propranolol hydrochloride) 


TABLETS — No. 461— Each tablet contains 10 
chloride, in bottles of 100 and 1,000. 

— No. 464 — Each tablet contains 40 mg. of propranolol hydrochloride, in 
bottles of 100 and 1,000. 

INJECTABLE — No. 3265— Each cc. contains 1 mg. of propranolol hydro- 
chloride in Water for Injection. The pH is adjusted with citric acid. Supplied 
as: 1 cc. ampuls — Boxes of 10. 
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1. Aagard, G.N.: Northwest Med. 70:47 (Jan.) 1971. 2. Gettes, L.S., and Yoshonis, K.F.: 
Circulation 41:689 ( Apr.) 1970. 3. Gianelly, R.E., and Harrison, D.C.: Geriatrics 25:120 
(Apr.) 1970. 4. Helfant, R.H.: Med. Times 98:118(Jan.) 1970. 5. Stampfer, M., and Epstein, 
S.E.: J. S. Carolina Med. Ass. 65:249 (July! 1969. 6. Theilen, E.O., and Wilson, W.R.: Med. 
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You won't be able to borrow this book. 
Better own your oun. 







PRE-PUBLICATION PRICE IS ONLY $28.00 
Laragh's 
Hypertension Manual 


Edited by John H. Laragh, M.D., of the 
College of Physicians and Surgeons, 
Columbia-Presbyterian in New York. 

A classic treatise for understanding, 
diagnosing and treating hypertension. 


Chapters by: 


[j John Laragh on The Renin System. in Cau- 
sation and on Evaluation of Hypertensive 
Patients. 











Dr. Laragh's Hypertension Manual will un- 
doubtedly become the standard reference 
. Work in Hypertension. It is now being offered 
at a special pre- publication price of $28.00. 
After October 1973, the price will be $37.00. 
Use the attached form to place your order. This 
is the first in a series of Yorke Medical Books— 
from the publishers of The American Journal 
of Cardiology, The American Journal of Medi- 
cine, The American Journal of Surgery, and 
Cutis. 





t] Sir George Pickering on Definitions, Natu- 
ral Histories and Consequences. 
(J Louis Tobian on Experimental Mechanisms 
O Arthur Guyton on Control Mechanisms 
O Edward Freis on Why, When, and How to 
Treat. 
O Edward Biglieri on Diagnosis of Adrenocor- 
tical Hypertension 
7 i t m i 
Approximately 900 pages. 150 illustrations. r1 acie Adis D'OPATOd RSS 
D 197, price win be Soy EN ade tj Jay Cohn on Hypertension and the Heart 
j R t 
Ready October, 1973. o Hans Brunner on Renin as a Risk Factor 
Partial list of contributors: p: pr rcm nr m Pp c T 2| 
John H. Laragh J. C. Hunt Yorke B 
Sir George Pickering F. R. Buhler Ms i Dei cooks AJG 
E. A. Lew E. G. Biglieri 
E. D. Freis D. R. LaBarthe | New York, New York 10019 
A E Aa pod nd | Send me, postage paid, ^ A . copies of 
L. Tobian, Jr. C. R. Ayers | Laragh's Hypertension Manual: Mechanisms, 
H. P. Dustan J. A. Wilber Methods & Management at the Special Pre- 
J. N. Cohn J. Koch-Weser | Publication price of $28.00.' (Foreign, add 
T inr slum ^ RD | $2.00 for postage and handling.) 
A. R. Christlieb E. D. Vaughan You will be billed later. 
A. F. Lever 


(_] Intern, Resident, Student 
(Special Price $26.00} 

[C] Private Practice 

[] Specialty 

[.] Academic 


NAME. 





ADDRESS. 


CITY _STATE — 
*Plus appropriate Sales Tax if in New York State 
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Ter erc 
embolism 


[heSilent Threat 


“Thrombotic phenomena now occupy first 
place as a complicating factor, if not the 
cause, of mortality as determined in all autopsy 
series in the United States today. Thrombotic 
disease has become an increasingly impor- 
tant cause of disability and death as infectious 
diseases have responded to chemotherapy 
and as public health measures have become 
increasingly effective.” 


Contributing to the seriousness of the problem 
is the fact that “At present there is no satisfac- 
tory technique for the recognition in man of the 
incipient or active thrombotic state." There 
are, however, a number of factors which are 
known to predispose to thrombus formation 
and potentially fatal embolism. Recognition of 
these factors, plus the application of adequate 
prophylactic and therapeutic measures, could 
contribute significantly toward decreasing the 
morbidity and mortality caused by ‘the silent 
threat.’ 





The population at risk 





Although such modern techniques as 
isotopic lung scanning, the radioactive 
fibrinogen uptake test, and the Doppler 
ultrasound flow detector show promise 
of permitting early detection of 
thrombus formation, it is generally 
agreed that these methods are not 
completely accurate as diagnostic 
tools, nor are they practical for large- 
scale patient screening. As a result, 
most physicians rely on the presence 
of known predisposing factors as a 
means of identifying patients who are 
especially prone to venous thrombosis 
and pulmonary emboli. 


The high risk groups 


As one authority has noted, these high 
risk "...groups include severely injured 
patients, particularly those over age 50 
who have fractures of the pelvis, hip, or 
lower extremities; those undergoing 
elective cup arthroplasty or pelvic 
surgery; those immobilized or com- 
pletely bedridden; those with a pre- 
vious history of venous thrombosis or 
pulmonary embolism; those with 
severe obesity or congestive heart fail- 
ure, or any combination of the above 
categories." * 


Myocardial infarction: 

a special high risk category 
Patients with acute myocardial infarction 
comprise another high risk group, espe- 
Cially if they have "...large transmural 
infarctions, previous infarction or angina, 
Severe hypotension or shock, congestive 
heart failure, chronic atrial fibrillation, or 
past history of venous thrombosis or 
embolism.’ 
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Therapy toless ntherisk 


In patients with conditions known to predispose 
them to thrombosis and potentially fatal pulmonary 
embolism — the high risk groups — the use of anti- 
coagulant therapy can be of significant benefit. As 
one investigator recently remarked: "If [the physi- 
cian] believes that the risk of embolism is high he 
should use the only proved form of prevention, 
anticoagulation.” 


With special regard to pulmonary embolism, it has 
been noted that "...a pulmonary infarct proves the 
existence of intravenous thrombosis and should 
be considered as a warning of possible further 
emboli. It is generally accepted that diagnosis of 
pulmonary infarction justifies the immediate appli- 
cation of anticoagulant therapy. Heparin is usually 
used initially, then oral anticoagulants (most com- 
monly warfarin). The length of such therapy is 
often arbitrary, averaging four to six weeks, but 
depends on the extent and chronicity of the 
venous disease, whenever these can be deter- 
mined." * 


Myocardial infarction: 
a special case 
for longer term therapy 


Following acute myocardial infarction patients are 
especially prone to such thromboembolic compli- 
cations as mural and venous thrombosis and pul- 
monary and systemic emboli. The increased risk is 
due to reduced cardiac output, reduced arterial 
perfusion of the limbs, hypercoagulability (in the 
presence of cardiac ischemia), and venous pool- 
ing in the lower limbs — all of which may induce 
venous stasis leading to potentially fatal thrombus 
formation and embolization. 


Because of the great risk of thromboembolic 
complications after myocardial infarction, anti- 
coagulant therapy is widely recommended. As 
noted in a recent study, “...an excellent case can 
be made for the use of anticoagulants for the 

"prevention of thromboembolic complications [fol- 
lowing acute myocardial infarction]. * 


With regard to duration of therapy, although there 
is no consensus, it is generally agreed that anti- 
coagulants should be given for as long as observ- 
able benefits persist. In a study of 735 myocardial 
infarction patients treated with COUMADIN or 
another coumarin derivative: "Results indicate that 
anticoagulant therapy reduces the death rate sig- 
nificantly during the first three years after an acute 
myocardial infarction. However, survival rates con- 
verge after the third year, and by the fifth year 
there is no difference in survival of treated and 
untreated groups. Therapy appeared to be more 
effective in patients who had experienced more 
than one infarction. The incidence of recurrent 
infarction and congestive heart failure was less in 
the group treated with anticoagulants.'* 


Another investigator expressed his opinion on the 
duration of therapy by remarking that "... male 
patients on anticoagulants during the acute phase 
of myocardial infarction can logically be kept on 
them for 2 or 3 years when feasible. Such treat- 
ment can be recommended especially to men 
under age 55 and to men who have had a 
previous history of angina pectoris, myocardial 
infarction, or both, since they are the ones most 
likely to benefit." 


References: 

1. Report of Inter-Society Commission for Heart Disease 
Resources, Sub-Committee on Thromboembolism, Wes- 
sler, S. (Chairman), et al.: Circulation 47 :A-31 (June) 1970. 

2. Borden, C.W.: Med. Clin. North America 56:235 (Jan.) 1972. 

3. Browse, N.L.: New England J. Med. 287:145 (July 20) 1972. 

4. Selzer, A.: Medical World News: Cardiovascular Review, 
1972, p. 88. 

5. Ebert, R.V.: Circulation 45:903 (April) 1972. 

6. Ebert, R.V., et al.: JAMA 207:2263 (Mar.) 1969. 
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Please refer to brief summary of prescribing information on last page of this advertisement. 
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COUMADIN (crystalline sodium warfarin) BRIEF SUMMARY 


EFFECTIVENESS: Coumadin® (crystalline sodium warfarin) is indi- 
cated for the prophylaxis and treatment of venous thrombosis and its 
extension, the treatment of atrial fibrillation with embolization, the 
prophylaxis and treatment o* pulmonary embolism, and as an 
adjunct in the treatment of coronary occlusion. 
CONTRAINDICATIONS: Hemorrhagic blood dyscrasias. Recent 
or contemplated surgery of: (1) central nervous system; (2) eye; (3) 
traumatic surgery resulting in large open surfaces. Bleeding ten- 
dencies associated with active ulceration or overt bleeding of: 
(1) gastrointestinal, genitourinary or respiratory tracts; (2) cerebro- 
vascular hemorrhage; (3) aneurysms—cerebral, dissecting aorta; (4) 
pericardial effusions; (5) subacute bacterial endocarditis. Threat- 
ened abortion, eclampsia and preeclampsia. Inadequate labora- 
tory facilities, or lack of patient cooperation. Miscellaneous: 
polyarthritis, vitamin C deficiency, major regional block anesthesia. 


WARNINGS: Administration of anticoagulants in the following con- 
ditions will be based upon clinical judgment in which the risk of 
hemorrhage due to anticoagulants is weighed against the risk of 
thrombosis or embolization in untreated cases. The following may be 
associated with increased risk of hemorrhage: Pregnancy — oral 
anticoagulants pass through the placental barrier, and the danger of 
hemorrhage to the fetus exists even to the point of fatal hemorrhage 
in utero, even in the accepted therapeutic range of maternal 
prothrombin level. Close observation and laboratory control are 
essential. Lactation — coumarins may pass into the milk of mothers 
and cause a prothrombinopenic state in the nursing infant. 
Prolonged dietary deficiency (cachexia, vitamin K). Severe to 
moderate hepatic or renal insufficiency. Infectious diseases or 
disturbances of intestinal flora — sprue, antibiotic therapy. Severe 
trauma of head, bones or muscles associated with extreme raw sur- 
faces. Surgery resulting in large exposed raw surfaces. Indwelling 
catheters. Spinal puncture. Severe to moderate hypertension. 
Miscellaneous: polycythemia vera, vasculitis, severe diabetes, 
menometrorrhagia, allergic and anaphylactic disorders. 

Abrupt cessation of anticoagulant therapy is not generally recom- 
mended; taper dose gradually over three to four weeks. 
PRECAUTIONS: Periodic determination of prothrombin time is 
essential. 

Numerous factors, alone or in combination, including travel, 
changes in diet, environment, physical state and medication 
may influence response of the patient to anticoagulants. It is 
generally good practice to monitor the patient's response with 
additional prothrombin time determinations whenever other 
medications are initiated, discontinued or taken haphazardly. 
The following factors are listed for your reference; however, 
other factors may also affect the prothrombin response. 

The following factors, alone or in combination, may be 
responsible for increased prothrombin time response: 

ENDOGENOUS FACTORS: Carcinoma; collagen disease; conges- 
tive heart failure; diarrhea; elevated temperature; hepatic disorders 
— infectious hepatitis, jaundice; poor nutritional state; vitamin K 
deficiency — steatorrhea. 

EXOGENOUS FACTORS: Alcoholft; allopurinal; anabolic steroids; 
antibiotics; bromelains; chloral hydratet; chlorpropamide; chymo- 
trypsin; cinchophen; clofibrate; Coumadin® (crystalline sodium war- 
farin) overdosage; dextran; dextrothyroxine; diazoxide; dietary 
deficiencies; diuretics; disulfiram; drugs affecting blood elements; 
ethacrynic acid; glucagon; hepatotoxic drugs; indomethacin; inhala- 
tion anesthetics; mefenamic acid; methylphenidate; monoamine 
oxidase inhibitors; nalidixic acid; oxyphenbutazone; phenylbu- 
tazone; phenyramidol; prolonged hot weather; prolonged narcotics; 
quinidine; quinine; salicylates (in excess of 1 Gm/Jday); sulfin- 
pyrazone; sulfonamides, long acting; thyroid drugs; tolbutamide; 
triclofos sodium; unreliable prothrombin time determinations. 
tIncreased and decreased prothrombin time responses have been reported 


The following factors, alone or in combination, may be 
responsible for decreased prothrombin time response: 

ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary 
resistance to coumarin therapy; hyperlipemia; hypothyroidism. 

EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt; ant- 
acids; antihistamines; barbiturates; chloral hydratet; chlordiazepox- 
ide; cholestyramine; Coumadin® (crystalline sodium warfarin) 
underdosage; diet high in vitamin K (vegetables, fish, fish oil, 
onions); diureticst; ethchlorvynol; glutethimide; griseofulvin; halo- 
peridol; meprobamate; ora! contraceptives; paraldehyde; primidone; 
rifampin; unreliable prothrombin time determinations; vitamin C. 
tincreased and decreased prothrombin time responses have been reported 


A patient may be exposed to a combination of the above factors. 
some of which may increase and some decrease his sensitivity to 
Coumadin. Because the net effect on his prothrombin time response 
may be unpredictable under these circumstances, more frequent 
laboratory monitoring is advisable. 
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ADVERSE REACTIONS: Potential side effects of Coumadin? (crys- 
talline sodium warfarin) include: 1. Minor or major hemorrhage from 
any tissue or organ — which is an extension of the physiclogic activity 
of prothrombinopenia. Bleeding during anticoagulant therapy does 
not always correlate with prothrombin activity. (See TREATMENT 
FOR OVERDOSAGE.) Bleeding which occurs when the prothrombin 
time is within the therapeutic range warrants diagnostic investigation 
since it may unmask a previously unsuspected lesion, e.g. tumor, 
ulcer etc. 2. Side effects other than hemorrhage are infrequent and 
consist of alopecia, urticaria, dermatitis, fever, nausea, diarrhea, 
hypersensitivity reactions and an extremely rare reaction consisting 
of hemorrhagic infarction and necrosis of the skin. 

TREATMENT FOR OVERDOSAGE: Excessive prothrombinopenia, 
with or without bleeding, is readily controlled by discontinuing 
Coumadin? (crystalline sodium warfarin), and if necessary, the oral 
or parenteral administration of vitamin Kx. The appearance of micro- 
Scopic hematuria, melena, petechiae or oozing from nicks made 
while shaving are early manifestations of hypoprcthrombinemia 
beyond a safe and satisfactory level. 

in excessive prothrombinopenia with mild or no bleeding, omis- 
sion of one or more doses of Coumadin® (crystalline sodium war- 
farin) may suffice; and if necessary, small doses of vitamin Ki 
(Mephyton** orally, 2.5 mg., will usually correct the problem. 

If minor bleeding persists, or progresses to frank bleeding, vitamin 
Kı (AquaMephyton®") in doses of 10 to 25 mg. may be given paren- 
terally. (Please note recommendations accompanying vitamin K 
preparations prior to use.) Fresh whole blood transfusions should be 
considered in cases of severe bleeding or prothrombinopenic states 
unresponsive to vitamin Kı. 

Resumption of Coumadin® (crystalline sodium warfarin) adminis- 
tration reverses the effect of vitamin Ki, and a therapeutic hypo- 
prothrombinemia level is readily obtained. 

*Trademark, Merck Sharp & Dohme. 


For complete prescribing information, including dosage and labo- 
ratory control, see package circular. 
SUPPLIED: Tablets: Coumadin® (crystalline sodium warfarin) for 
oral use, single scored, imprinted numerically with potency as 
follows: 2 mg. lavender, 22 mg. orange, 5 mg. peach, 7⁄2 mg. yellow, 
10 mg. white, 25 mg. red. in bottles of 100 and 1000. Also available in 
Hospital Unit-Dose blister package of 100. Injection: Available as 
single injection units of amorphous sodium warfarin lyophilized for 
intravenous or intramuscular use in a box of 6 units, 50 mg.: Unit con- 
sists of 1 vial, 50 mg.; sodium chloride, 10 mg.; thimerosal, 0.2 mg. 
accompanied by a 2 ml. ampul Sterile Water for Injection. 75 mg.: 
Unit consists of 1 vial, 75 mg.; sodium chloride, 15 mg.; thimerosal, 
0.3 mg. accompanied by a 3 ml. ampul Sterile Water for Injection. 

Sterile Water for Injection contains no antimicrobial or other sub- 
stance, and it is not suitable for intravascular injection without first 
having been made approximately isotonic by the addition of a suit- 
able solute. Use only for reconstitution of the lyophilized product. 
Licensed by Wisconsin Alumni Research Foundation. U.S. Pat. No. 3,077,481 (Reissue No. 
25,866). Registered trademark of Wisconsin Alumni Research Foundation. 
Physician and Patient Aids Available on Request— record charts 
for you, dosage calendars and instruction folders, including iden- 
tification cards, for your patients. For a free supply of any or all of 
these aids, ask your Endo representative or write to Director of Pro- 
fessional Services. 
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to abort or terminate 
acute anginal attacks 

to reduce the frequency 
and severity of anginal 
episodes often caused by 
unavoidable everyday 
stress 


(ISOSORBIDE DINITRATE) 


SUBLINGUAL TABLETS: 2.5 mg. and 5 mg. 


















*|ndications: Based on a review of this drug 
by the National Academy of Sciences—Na- 
tional Research Council and/or other infor- 
mation, FDA has classified the indication as 
follows: 

"Probably" effective: When taken by the 
sublingual route, Isordil Sublingual is indi- 
cated for the treatment of acute anginal 
attacks and for prophylaxis in situations 
likely to provoke such attacks. 

Final classification of the less-than-effective 
indications requires further investigation. 


Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may 
occur. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
hance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 
May we send you reprints, detailed information 
and/or professional samples? 

ves 
New York, N.Y. 10017 ® 
DEDICATED TO IMPROVING THE QUALITY OF 
LIFE, THROUGH MEDICINE 


Adapted from: Kasparian H, Najmi M, Likoff W: 
Laboratory Evaluation of Coronary Artery Disease. 
Scientific Exhibit, AMA Convention, Chicago, III, 
June 1966. 
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When cardiac 
complaints occur 


in the absence 
of organic findings, 
underlying 
anxiety may be 
one factor 





The influence of anxiety on heart function 


Excessive anxiety is one of a combina- 
tion of factors that may trigger a series of 
maladaptive functional reactions which can 
generate further anxiety. Often involved in 
this vicious circle are some cardiac arrhyth- 
mias, paroxysmal supraventricular tachycar- 
dia and premature systoles. When these 
symptoms resemble those associated with 
actual organic disease, the overanxious 
patient needs reassurance that they have no 





Before prescribing, please consult complete product information, 
a summary of which follows: 

Indications: Relief of anxiety and tension occurring alone or accom- 
panying various disease states. 

Contraindications: Patients with known hypersensitivity to the drug. 

Warnings: Caution patients about possible combined effects with alco- 
hol and other CNS depressants. As with all CNS-acting drugs, caution patients 
against hazardous occupations requiring complete mental alertness (e.g., oper- 
ating machinery, driving). Though physical and psychological dependence 
have rarely been reported on recommended doses, use caution in administer- 
ing to addiction-prone individuals or those who might increase dosage; with- 
drawal symptoms (including convulsions), following discontinuation of the 
drug and similar to those seen with barbiturates, have been reported. Use of 
any drug in pregnancy, lactation, or in women of childbearing age requires 
that its potential benefits be weighed against its possible hazards. 

Precautions: In the elderly and debilitated, and in children over six, 
limit to smallest effective dosage (initially 10 mg or less per day) to preclude 
ataxia or oversedation, increasing gradually as needed and tolerated. Not rec- 
ommended in children under six. Though generally not recommended, if 
combination therapy with other psychotropics seems indicated, carefully 
consider individual pharmacologic effects, particularly in use of potentiating 
drugs such as MAO inhibitors and phenothiazines. Observe usual precautions 
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organic basis and that reduction of exces- 
sive anxiety and emotional overreaction 
would be medically beneficial. 


The benefits of antianxiety therapy 
Antianxiety medication, when used to 
complement counseling and reassurance, 
should be both effective and comparatively 
free from undesirable side effects. More than 
13 years of extensive clinical experience has 
demonstrated that Librium (chlordiazepox- 
ide HCl) fulfills these requirements with a 
high degree of consistency. Because of its 
wide margin of safety, Librium may generally 


be administered for extended periods, at the For relief of 
physician’s discretion, without diminution excessive anxiety 
of effect or need for increase in dosage. (See adjunctive 
summary of prescribing information.) If L 


e 
cardiovascular drugs are necessary, Librium Libriunr lOmg 


is used concomitantly whenever anxiety is a . . 
clinically significant factor. (See Pre- (chlordiazepoxide HCl) 


cautions.) Librium should be discontinued lor 2 capsules t.i.d./q.i.d. 
when anxiety has been reduced to appropri- C ROCHE Roche Laboratories | ae 
ate levels. Nutley, N.J. 07110 


in presence of impaired renal or hepatic function. Paradoxical reactions 
(e.g., excitement, stimulation and acute rage) have been reported in psychi- 
atric patients and hyperactive aggressive children. Employ usual precautions 
in treatment of anxiety states with evidence of impending depression; suicidal 
tendencies may be present and protective measures necessary. Variable effects 
on blood coagulation have been reported very rarely in patients receiving the 
drug and oral anticoagulants; causal relationship has not been established 
clinically. 

Adverse Reactions: Drowsiness, ataxia and confusion may occur, espe- 
cially in the elderly and debilitated. These are reversible in most instances by 
proper dosage adjustment, but are also occasionally observed at the lower 
dosage ranges. In a few instances syncope has been reported. Also encountered 
are isolated instances of skin eruptions, edema, minor menstrual irregularities, 
nausea and constipation, extrapyramidal symptoms, increased and decreased 
libido—all infrequent and generally controlled with dosage reduction; changes 
in EEG patterns (low-voltage fast activity) may appear during and after treat- 
ment; blood dyscrasias (including agranulocytosis), jaundice and hepatic dys- 
function have been reported occasionally, making periodic blood counts and 
liver function tests advisable during protracted therapy. 

Supplied: Librium9 Capsules containing 5 mg, 10 mg or 25 mg chlor- 
diazepoxide HCl. Libritabs? Tablets containing 5 mg, 10 mg or 25 mg 
chlordiazepoxide. 
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The Third 
Step in 
Angina. 


After the classic 
“2-Step” Test aids 
in a diagnosis of 
angina, sustained- 
release Nitro-Bid® 
(nitroglycerin) is a 
logical third step. 
Here’s why. 


“,.. long-acting 
nitroglycerin 
preparations... 
are...very good." 


Another patient benefit product from 


In angina secondary to 
arteriosclerotic heart 
disease, sustained-release 
Nitro-Bid® (nitroglycerin) 
therapy assists in the “total 


management” of your patient. 


Nitro-Bid capsules reduce 
sublingual nitroglycerin 
requirements as they reduce 
the number of angina attacks 
...increase exercise 
tolerance. 

"In nocturnal 
angina, the 
long-acting 
nitroglycerin 
preparations have 
been very helpful." 


Sustained-release Nitro-Bid 
Plateau CAPS? provide a 
metered sequence of 
medication during the night 
to protect against nocturnal 
angina attack. 


In titrating dosage, 
availability of 
different strengths 
“ÎS quite an 
asset..." 


Nitro-Bid 2.5 and Nitro-Bid 
6.5 capsules afford two 
dosage strengths for 
convenience in increasing 


or decreasing dose to accom- 


modate patient symptoms. 


IM 


KANSAS 



























NITRO-BID' 2.5 


(nitroglycerin 2.5 mg) 
Plateau CAPS* 


NITRO-BID 6.5 


(nitroglycerin 6.5 mg) 
Plateau CAPS® 


INDICATIONS 
Based on a review of this drug by 
the National Academy of Sciences— 
National Research Council and/or 
other information, FDA has classified 
the indications as follows: 
* "Possibly" effective: 
For the management, prophylaxis 
or treatment of angina! attacks. 
Final classification of the less-than- 
effective indications requires further 
investigation. 
















Contraindications: Recent myocardial 
infarction, severe anemia, glaucoma, 
increased intracranial pressure, 
idiosyncrasy. 

Precautions: For ORAL, not sublingual, 
use. If blurring of vision or dryness of 
mouth occurs, discontinue drug 
Tolerance may develop on long-term 
usage. 

Adverse Reactíons: Occasional tran- 
sient headaches. Overdose may cause 
flushing, headaches, tachycardia, 
dizziness. 

Dosage: One capsule two or three 
times daily at 8 to 12 hour intervals. 
Reference: 1. Master, A M: The 
management of angina pectoris, Modern 
Medicine 38:92-100 (Feb 23) 1970. 
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Schering Corporation announces 
New 


Direct-Action 


® 






at IV 
-x JAZOXIDE 


For emergency reduction 
of blood pressure 
in malignant hypertension 





INJECTION 
20 ml. ampule 
contains 300 mg 


In hospitalized patients 
when there's pressure 
for immediate control... 


Before prescribing see full product information on back page. 


efore prescribing see full product information on back page. 
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A major point of departure 


A 20ml. 
LV. "push" 

In 30 seconds 
for immediate 
reduction 

of dangerously 
high blood 
oressure 





Acts directly 
on “pressure 
points" 

of peripheral 
resistance 


(Artistic representation) 


Promptly rel 


at Iv 


ss DIAZOXIDE 


INJECTION 
20 ml ampule 
contans 300mg 


axes 


Heduces diastolic 
pressure quickly - 



























































— often in 1 or 2 


minutes 


HYPERSTAT I. V. Injection combines 

direct-action antihypertensive potency 
and rapid administration for prompt 
and urgent reduction of accelerated 
diastolic pressure. Diastolic pressure 
drops within 5 minutes, often in 1 or 
2 minutes. 

Maximal effects generally follow a 
30-second-or-less |.V. "push" into c 
peripheral vein of a recumbent hos- 
pitalized patient. Slow injection may 
not reduce pressure or may produc 

a brief response. Use of an appro- 
priate diuretic can overcome treat- 
ment failure from increased extra- 
cellular fluid. A second injection is 
given if the first fails to give an 
adequate response in 30 minutes 
Since repeated administration of 
HYPERSTAT I. V. Injection can 
lead to sodium and water reten- 
tion, administration of an appro- 
priate diuretic may be neces- 
sary for both maximal blood 
pressure reduction in patients 
with sodium and water reten- 
tion and to avoid congestive 
failure. 

Hypertensive emergency in 
malignant hypertension is 
usually promptly controlled. 
Treatment of this hyperten- 
sive emergency with 
HYPERSTAT I. V. Injection 
should be limited to a few 

days and a regimen of oral 
antihypertensive medica- 
tion should be instituted 
as soon as possible. 

HYPERSTAT I. V. 
Injection is ineffective 
against hypertension 

due to pheochromocy- 
toma. Moreover, the 
drug should not be 
used in compensatory 
hypertension associ- 
ated with aortic 
coarction or arterio- 
venous shunt. 


“after a single 
rapid intravenous in- 
jection of 300 mg., 
it [HYPERSTAT 

I. V.] promptly re- 
duces blood pres- 
sure usually to 

normal levels.'"! 


Increases 

cardiac output — 
maintains 
coronary, cerebral 
blood flow — 
increased renal 
blood flow after 
initial decrease 


HYPERSTAT I. V. Injection produces a 
prompt reduction in blood pressure by 
relaxing smooth muscle in the peripheral 
arterioles. Cardiac output is increased as 
blood pressure is reduced by diazoxide; 
coronary and cerebral blood flow are 
maintained. Renal blood flow is increased 
after an initial decrease. Diazoxide has no 
known direct action on the central nervous 
system. However, as with any potent anti- 
hypertensive, it should be used with care 
in patients with impaired cerebral or car- 
diac circulation, in whom brief reductions 
in blood pressure might be detrimental. 

Patients refractory to other antihyper- 
tensive agents usually remain responsive 
to HYPERSTAT I. V. Injection. 


“The fall in arterial pressure with 
diazoxide is associated with an increase 
in cardiac output...a decrease in total 
peripheral resistance...and maintenance 
of cerebral blood flow ...'? 


References: 1. Gifford, R. W., Jr.: “Drugs For 
Arterial Hypertension” in Modell, W. (ed.): Drugs 
of Choice 1972-1973, St. Louis, The C. V. Mosby 
Company, 1972, p. 391. 2. Finnerty, F. A., Jr., 

x etal.: Hypertensive Vascular Disease, The Long 
Term Effect of Rapid Repeated Reductions of 
Arterial Pressure with Diazoxide, Am. J. Cardiol., 
19:377, 1967. 


hr. 


Management of 
sodium and 
water retention, 
hypotension and 
hyperglycemia 


Sodium and water retention, hypotension, 
or hyperglycemia may occur with 
HYPERSTAT I. V. Injection therapy. 

Special attention is required for patients 
in whom retention of salt and water may 
present serious problems. In sodium 
retention, possible edema and congestive 
heart failure may be avoided with an 
appropriate diuretic, providing adequate 
renal function exists. The concomitant 
administration of diazoxide with thiazides 
or other commonly used potent diuretics 
may potentiate the hyperglycemic, 
hyperuricemic, and antihypertensive 
effects of diazoxide. 

Infrequent episodes of severe hypoten- 
sion at recommended dosage or occa- 
sional undesirable hypotension from over- 
dosage can usually be controlled with 
sympathomimetic drugs such as nore- 
pinephrine. Failure of blood pressure to 
rise in response to this agent suggests 
that the hypotension may be caused by 
something other than HYPERSTAT I. V. 
Injection. 

Hyperglycemia occurs in the majority 
of patients, but usually requires treatment 
only in patients with diabetes mellitus; 
it will respond to the usual management, 
including insulin. 








More than 1000 cases 
over 12 years of 
clinical investigation 
in acute hypertensive 
situations support 
HYPERSTAT I.V. 
Injection 

usefulness in 
malignant 
hypertension 


Twelve years of clinical experience with 
HYPERSTAT I. V. Injection confirmed its 
preclinical potential: to exert significant 
antihypertensive action through direct 
effect on peripheral arterioles which 
neither impairs cardiac output nor dimin- 
ishes perfusion of kidneys. 

In over 1000 cases, HYPERSTAT I. V. 
Injection proved useful for emergency 
reduction of blood pressure when prompt 
and urgent decrease of diastolic pressure 
was required. 


Sustains relaxation 
of arteriolar muscle 
with no 





(Artistic Representation) 





4 hrs. 


8 hrs. 


General representation of HYPERSTAT I. V. Injection activity up to 12 hours; individual response varies from patient to patien 


12 hr: 
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New... 
in malignant hypertension 


NECTON 
2n p 


ss DIAZOXIDE 


FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 
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DESCRIPTION — HYPERSTAT I.V. Injection is a rapidly acting antihypertensive agent. Each ampule (20 mi.) 
contains 300 mg. diazoxide, a nondiuretic benzothiadiazine derivative, in a clear, colorless, aqueous 
solution; the pH is adjusted to approximately 11.6 with sodium hydroxide. Diazoxide is 7-chloro-3-methyl-2H 
1,2, 4-benzothiadiazine 1, 1-dioxide. 


ACTIONS — HYPERSTAT I. V. Injection produces a 2rompt reduction in blood pressure by relaxing smooth 
muscle in the peripheral arterioles. Cardiac output is increased as blood pressure is reduced by diazoxide; 
coronary and cerebral blood flow are maintained. Renal blood flow is increased after an initial decrease. 
Diazoxide has no known direct action on the central nervous system. 

Patients refractory to other antihypertensive agents usually remain responsive to diazoxide. 

Diazoxide is extensively bound to serum protein (>90%). The plasma half-life is 28 + 8.3 hours; however, 
the duration of its antihypertensive effect is variable, generally lasting less than 12 hours. Although an 
antihypertensive response has been obtained w th slow infusion or injection, in general, a greater 
antihypertensive effect is obtained with rapid intravenous administration. 


INDICATIONS — HYPERSTAT I.V. Injection is indicated for the emergency reduction of blood pressure in 
malignant hypertension in hospitalized patients, when prompt and urgent decrease of diastolic pressure is 
required. Treatment with orally effective antihypertensive agents should be instituted as soon as the 
hypertensive emergency is controlled. 

HYPERSTAT I.V. Injection is ineffective against hypertension due to pheochromocytoma. 


CONTRAINDICATIONS HYPERSTAT I.V. Injection should not be used in the treatment of compensatory 
hypertension, such as that associated with aortic coarctation or arteriovenous shunt. 

The drug should not beused in patients hypersensitive to diazoxide or other thiazides, unless the 
potential benefits outweigh the possible risks. 


WARNINGS Usage in Pregnancy: The safety of HYPERSTAT I.V. Injection in pregnancy has not yet been 
established. 

Information is not available concerning the passage of HYPERSTAT in breast milk. However, it is known 
that diazoxide crosses the placental barrier anc appears in cord blood. Like other thiazides, the drug may 
produce fetal or neonatal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism, and 
pessibly other adverse reactions that have occurred in adults. 

Usage in Children: The safety of HYPERSTAT I V. Injection in children has not yet been established. 

Hypotension may occasionally result from the administration of HYPERSTAT I.V. If hypotension severe 
enough to require therapy occurs, it will usually respond to the administration of sympathomimetic 
agents, such as norepinephrine. 

Hyperglycemia occurs in the majority of patients, but usually requires treatment only in patients with 
diabetes mellitus; it will respond to the usual management, including insulin. Therefore, blood glucose 
levels should be monitored especially in patients with diabetes or in those requiring multiple injections of 
diazoxide. Hyperglycemia and hyperosmolar coma associated with transient cataracts developed in one 
infant receiving repeated daily doses of oral diazoxide. The disturbed carbohydrate metabolism was 
‘successfully treated with insulin. Cataracts have been observed in a few animals receiving repeated daily 
doses of intravenous or oral diazoxide 

Since diazoxide causes sodium retention, repeated injections may precipitate edema and congestive heart 
failure. This retention responds characteristically to diuretic agents if adequate renal function exists. It 
should be noted that concurrently administered thiazides may potentiate the antihypertensive, 
hyperglycemic, and hyperuricemic actions of diazoxide (See Drug Interactions). 

Since increased volume of extracellular fluid may be a cause of treatment failure in nonresponsive 
patients, it may be advisable to reduce this increased volume by means of a diuretic agent. 

Although no evidence of excessive anticoagulant effects has been reported, patients, especially those who 
are hypoalbuminemic and receive HYPERSTAT I.V. Injection and coumarin or its derivatives, may require 
reduction in dosage of the anticoagulant (See Drug Interactions). 


PRECAUTIONS HYPERSTAT (diazoxide) I.V. Injection is a potent antihypertensive agent requiring close 
‘monitoring of the patient's blood pressure at frequent intervals. Its administration may occasionally cause 
hypotension requiring treatment with sympathomimetic drugs. Therefore, adequate facilities to treat such 
untoward reactions should be available when H¥PERSTAT I.V. Injection is used. 

HYPERSTAT I.V. Injection should be administered only into a peripheral vein. Because the alkalinity of the 
solution is irritating to tissue, extravascular injection or leakage should be avoided; subcutaneous 
administration has produced inflammation anc pain without subsequent necrosis. If leakage into 
'subcutaneous tissue occurs, the area should be treated conservatively. 

Maximal antihypertensive effects occur after rapid administration (within 30 seconds) into the vein; a 
slower injection may fail to reduce blood pressure or produce a very brief response. 

As with any potent antihypertensive agent, HYPERSTAT I.V. Injection should be used with care in patients 
who have impaired cerebral or cardiac circulation, that is, patients in whom abrupt and brief reductions in 
blood pressure might be detrimental. 

Special attention is required for patients with diabetes mellitus and those in whom retention of salt and 
water may present serious problems (See Warnings). Nondiabetic patients may have a transient, reversible, 
and clinically insignificant increase in blood glucose following HYPERSTAT I.V. Injection. 

Since peritoneal dialysis or hemodialysis can reduce levels of diazoxide in the blood, patients undergoing 
dialvsis may require more than one injection. 


ADVERSE REACTIONS 

Frequent and serious adverse reactions: Sodium and water retention after repeated injections, 
especially important in patients with impaired cardiac reserve; hyperglycemia frequently requiring 
treatment in diabetic patients, especially after repeated injections. 

Infrequent but serious adverse reactions: Hypotension to shock levels; myocardial and/or cerebral 
ischemia, usually transient but possibly leading to thrombosis and manifested by angina, atrial and 
ventricular arrhythmias, and marked electrocardiographic changes; unconsciousness, convulsions, 
paralysis, or confusion; persistent retention of nitrogenous wastes after repeated injections; sensitivity 
reactions, such as rash, leukopenia, and fever 

Other adverse reactions: Nausea, vomiting, and/or abdominal discomfort; vasodilative phenomena, 
such as flushing, generalized or localized sensations of warmth, headache (sometimes throbbing), and 
sweating; orthostatic hypotension, lightheadedness, and weakness of short duration; supraventricular 
tachycardia and palpitation; transient hyperglycemia in nondiabetic patients; transient retention of 
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for emergency reduction of blood pressure . 


In hospitalized patients 
when there's pressure 
for immediate control 


nitrogenous wastes; nonanginal “tightness in the chest”; warmth or pain along the injected vein; celluliti 
without sloughing and/or phlebitis at the site of extravasation; anorexia and alteration of taste; ileus; 
bradycardia; back pain; chest discomfort; dyspnea, cheking sensation; apprehension or anxiety, malaise, 
and blurred vision occurred on single occasions; parotid swelling, salivation, lacrimation; ringing in the 
ears; diarrhea and constipation; increased nocturia; euphoria. 


DRUG INTERACTIONS Since diazoxide is highly bound to serum protein, it may displace other substances 
ordrugs which are also bound to protein, such as bilirubin or coumarin and its derivatives. These ` 
potential interactions must be considered when administering HYPERSTAT (diazoxide) I.V. Injection. The 
cancomitant administratien of diazoxide with thiazides or other commonly used potent diuretics may 
potentiate the hyperglycemic, hyperuricemic, and antihypertensive effects of diazoxide. 


OVERDOSAGE Overdosage of HYPERSTAT (diazoxide) IV. Injection may cause an undesirable hypotension. 
Usually, this can be controlled with sympathomimetic agents, such as norepinephrine; failure of the blood 
pressure to rise in response to such an agent suggests that the hypotension may have been caused by 
something other than diazoxide. Excessive hyperglycemia resulting from overdosage will respond to 
conventional therapy of hyperglycemia. 

Diazoxide may be removed from the blood by peritoneal dialysis or hemodialysis. 


ANIMAL PHARMACOLOGY AND TOXICOLOGY In studies involving a number of species, including the rat, 
cat, dog, and monkey, diazoxide has been shown to exert significant antihypertensive actions through its 
direct effect on peripheral arterioles, which neither impairs cardiac function nor seriously diminishes 
perfusion of kidneys. In addition, in each species tested, including the rat, dog, and monkey, diazoxide 
elicits hyperglycemia, increased serum-free fatty acids and decreased plasma insulin levels by a 
mechanism thought to involve both suppression of insulin release and enhanced catecholamine action. 

Although the data are nat conclusive, reproduction and teratology studies in several species of animals 
indicate that diazoxide, when administered during the critical period of embryo formation, may interfere 
with normal fetal development, possibly through altered glucose metabolism. Parturition was 
occasionally prolonged in animals treated at term. 


DOSAGE AND ADMINISTRATION HYPERSTAT I.V. Injection is administered undiluted and rapidly by 
intravenous injection to ensure maximal effect. It should only be given into a peripheral vein. Do not 
acminister it intramuscularly, subcutaneously, or into body cavities. Avoid extravasation of the drug into 
subcutaneous tissues. 

The response to HYPERSTAT I.V. Injection varies from patient to patient. Generally, blood pressure 
decreases within five minutes, often within one to two minutes, to the lowest level achieved. The blood 
Pressure increases relatively rapidly in the next ten to 30 minutes, and then more slowly over the following 
two to 12 hours, nearly reaching but rarely exceeding the pretreatment level. The response to successive 
injections is frequently better than that to the initial injection. 

Treatment of hypertensive emergencies with HYPERSTAT I.V. Injection should be limited to a few days and 
regimen of oral antihypertensive medications should be instituted as soon as possible. 

With the patient recumbent, the contents of one 20 ml. ampule containing 300 mg. of HYPERSTAT I.V. 
Injection are administered intravenously in 30 seconds or less. Dilution and administration by infusion or 
slew injection may fail te reduce the blood pressure or may produce an exceedingly short response. 

Specific dosage is required in children or in unusually large or small patients. This dosage may be 
caiculated on the basis of 5 mg./kg. body weight (0.3 ml./kg.) (See Warnings). 

A second administratiomof HYPERSTAT I.V. Injection may be required for a satisfactory reduction in blood 
pressure, if the first injection fails to give an adequate response within 30 minutes. 

Repeated administration of HYPERSTAT I.V. Injection at intervals of four to 24 hours usually will maintain 
the blood pressure below pretreatment levels until a rezimen of oral antihypertensive medication becomes 
eftective. The interval between injections may be adjusted by the duration of the response to each injection. 
It s usually unnecessary to continue treatment with HYPERSTAT I.V. Injection for more than four to five days. 

Following the use of HYPERSTAT L.V. Injection, the blood pressure should be monitored closely until it has 
stabilized. Thereafter, measurements taken hourly during the balance of the effect will indicate any unusua 
response. A further decrease in blood pressure at 30 minutes or more after injection should be investigated 
for causes other than the action of HYPERSTAT I.V. Injection. It is preferable that the patient remain 
reeumbent for half an hour after injection. In ambulatory patients, the blood pressure should be measured 
with the patient standing before surveillance is ended. 

Since repeated administration of HYPERSTAT I.V. Injection can lead to sodium and water retention, 
administration of a diuretic may be necessary both for maximal blood pressure reduction and to avoid 
congestive failure. 


HOW SUPPLIED — HYPERSTAT I.V. Injection is supplied in a 20 ml. ampule containing diazoxide 300 mg. in a 
clear, colorless aqueous solution; box of one ampule. 
Protect from light and freezing. 
Store away from heat. 
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Introduction 


During the past two decades video techniques have 
found increasing application in investigations of the 
cardiovascular system. Initially the television camera 
was utilized primarily for recording because the re- 
corded visual data were immediately available for re- 
view. Recently the television camera also has been 
used as a transducer that can convert visual data 
into an array of electronic signals. The advantage of 
this approach is that electronic signals, unlike a vi- 
sual image, can be readily processed and analyzed. 
Consequently, video techniques have multiple 
capabilities, and the papers in this Symposium de- 
Scribe their use in a variety of investigations extend- 
ing from the study of contracting isolated myocardial 
cells to the evaluation of ventricular function after 
cardiac surgery. 

Video techniques currently are being used in four 
types of studies: video densitometry, video tracking, 
image enhancement and analysis of left ventricular 
angiograms. The advantages of video densitometry 


over other indicator-dilution techniques are three- 


fold: A sensing probe is not required at the sampling 
site; multiple videodensograms can be recorded after 
a single injection of contrast material; and the fre- 
quency response is extremely rapid. In this Sympo- 
sium, Tsakiris et al. describe the use of videodensitom- 
'etry in studying closure of the mitral and aortic 
valves. The rate of blood flow in coronary arteries 
and in aortocoronary saphenous vein bypass grafts 
also can be studied by videodensitometry, as de- 
scribed by Smith et al. 

Quantifying the movement of cardiac borders al- 
ways has been a difficult task. Converting such 
movement to a change in voltage by use of video 
tracking techniques greatly facilitates this quantifi- 
cation. Furthermore, because the voltage change can 
be processed with standard computer programs, 
complex indexes such as the velocity of border move- 
ment can easily be derived. Kazamias and Gander 
describe the use of border tracking to quantify local- 
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ized abnormalities in left ventricular movement de- 
tected by cardiac fluoroscopy. Levitsky et al. use 
video tracking to derive an index of myocardial con- 
tractility: based on the velocity of fluoroscopically 
visualized movement of the left ventricular border. 
Thompson et al. illustrate the use of analysis of bor- 
der movement to characterize both the inotropic and 
chronotropic response of isolated cardiac cells to 
pharmacologic agents. 

Recently radioisotope angiocardiograms have been 
used to study a variety of cardiac abnormalities. In 
this Symposium, Kriss describes coupling a televi- 
sion camera to an Anger camera. The delineation of 
various cardiac structures can be improved by the 
electronic enhancement of selected portions of the 
video image and by the superimposition of specific 
video fields. Furthermore, the concentration of iso- 
tope in localized areas can be quantified so that in- 
tracardiac shunts can be detected. 

Lastly, video technology is being utilized to im- 
prove the analysis of left ventricular angiograms. As 
described by Marcus et al., the opacified left ven- 
tricular silhouette is displayed on a television moni- 
tor and a video planimeter is utilized to measure the 
dimensions of the opacified ventricle. Ritman et al. 
have devised an ingenious video system that has the 
capacity to measure ventricular volume in an almost 
completely automated fashion from biplane video 
angiograms. Volume data obtained by either of these 
methods can be coupled with simultaneously ob- 
tained intracardiac pressure data, and various index- 
es of ventricular function can then be calculated. 

The use of the television camera as a transducer to 
convert visual data into electronic signals is a power- 
ful tool that enables the cardiologist to study phe- 
nomena previously beyond practical reach. Wider 
application of this technology undoubtedly will im- 
prove our understanding of the cardiovascular sys- 
tem. 


D. Luke Glancy, MD, FACC 
New Orleans, Louisiana 


Melvin L. Marcus, MD 
lowa City, lowa 
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Dilution curves of roentgen contrast medium sampled just upstream 
to the mitral or aortic valves at a rate of 60/sec by means of a 
roentgen videodensitometer have been used to detect and study the 
phasic relations of retrograde flow across the valve orifice. Normal- 
ly, vigorous ventricular systoles produce competent closure of the 
anatomically normal mitral valve irrespective of the presence or ab- 
sence of atrial contractions. The rapid increase in ventricular pres- 
sure and the decrease in size of the annulus of the valve at the 
onset of ventricular systole are the major factors producing efficient 
closure of the atrioventricular valves. Vigorous ejection of blood by 
way of the aortic valve also aids in the closure of the aortic valve. 


Roentgen videodensitometry is an indicator-dilution technique in 
which the density or the degree of X-ray transmission through the 
structure under study is measured by a videodensitometer. This is 


.done in conjunction with angiocardiography, and the radiopaque 


contrast material injected into the circulation serves as the indicator. 
The variations in roentgen opacity recorded by the videodensitome- 
ter are the result of the traversal and dispersal of the contrast medi- 
um through the circulation under study. 

Videodensitometry has several features that render it particularly 
useful in the study of the mechanisms of valve closure in intact ani- 
mals or man. First, it is possible from a single injection of contrast 
medium to record, during successive replays of the video tape, simul- 
taneous indicator-dilution curves from as many sampling sites as de- 
sired and of any size in the segment of the circulation included in the 
field of view. There is therefore no need to insert multiple catheters 
in the heart chambers and great vessels. Second, the high level of 
dynamic response of the videodensitometer provides the capability of 
determining the temporal relation of valvular regurgitation to other 
hemodynamic events during specific phases of individual cardiac cy- 
cles. Third, the high level of sensitivity of the videodensitometer en- 
ables the recognition of even minimal degrees of valvular regurgita- 
tion. 

The videodensitometric system used in our laboratory, the in vivo 
sensitivity and linearity of the system, the techniques of density 
measurements and the experimental methods employed have been 
described in detail in previous reports and will be mentioned here 
only in brief when necessary.!-? This report reviews a series of exper- 
imental studies carried out in our laboratory in recent years and de- 
signed to investigate the various mechanisms of mitral and aortic 
valve closure in the intact anesthetized dog. 
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POSITION OF SAMPLING WINDOW: 


Just Downstream 
FIGURE 1. Determination of mitral HL MIT Mave 
valve closure by videodensitomet- 
ric dilution curves in a dog studied 
without thoracotomy. Dilution 
curves recorded simultaneously 
and at the same sensitivity from 
the left ventricle and left atrium 
after injection of contrast medium 
into the left ventricle are shown 
during effective atrial systoles 
(right top panel) and ineffective 
atrial systoles (right bottom panel). 
The failure to detect immediately 
appearing indicator in the left atri- 
um proves that closure of this 
valve was completely efficient, ir- 
respective of the temporal se- 
quence of atrial and ventricular 
systoles (15 kg dog, morphine- 
pentobarbital anesthesia). —(Re- 
printed by permission from Sturm 
and Wood.?) 


Just Upstream 
to Mitral Valve 


Just Downstream 
to Mitral Valve 


Just Upstream 
to Mitral Valve 


Mitral Valve 

Several mechanisms have been considered impor- 
tant in the closure of the normal atrioventricular 
valves. Among them are the presystolic ventricular- 
atrial pressure gradient after atrial systole, the con- 
traction of the myocardium surrounding the valves 
and the contraction of the papillary muscles.* The 
demonstration of the presystolic ventricular-atrial 
pressure gradient after atrial systole was the basis for 
postulating that atrial contraction played a dominant 
role in the closure of the atrioventricular valves.97 
However, results from studies in this laboratory by 
Williams et al.8-9 suggested that preclosure of the 
valve by a normally sequenced atrial contraction is 
not essential to produce effective closure of the mitral 
valve. 


Atrial contraction: In intact anesthetized dogs, 
after the creation of complete A-V block by a percu- 
taneous technique,!? the basic heart rate, the tem- 
poral relation and the sequence of atrial and ventricu- 
lar systoles were controlled with coupled pacemakers. 
With videodensitometry, minimal or no mitral regur- 
gitation was found during control observations with a 
normally sequenced atrioventricular contraction and 
when atrial systole was rendered ineffective as when 
atrial and ventricular systoles occurred simulta- 
neously (Fig. 1). Similarly, competent mitral valve 
closure was found during induced atrial fibrillation 
and ventricular pacing at a constant rate. These re- 
sults demonstrated that, in the dog, the normal left 
ventricle alone is capable of closing the mitral valve 
and that atrial systoles are not a prerequisite. In this 
regard the demonstration by angiocardiography that 
a properly timed atrial contraction is not essential in 
man for effective closure of the mitral valve is of in- 
terest.14 
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Variations in left ventricular contraction: How- 
ever, it was evident in our studies that variations in 
left ventricular function did affect the efficacy of 
ventriculogenic valve closure. When, in the same 
animal, ventricular contraction was depressed, either 
spontaneously in the course of a long experiment or 
after an overdose of an anesthetic agent, ventriculo- 
genic valve closure was less adequate than valve clo- 
sure that resulted from the combined effect of atrial 
and ventricular contractions. Mitral incompetence 
detected during depressed ventricular contractions 
could easily be abolished or considerably reduced by 
postextrasystolic potentiation of ventricular systole 
(Fig. 2). Vandenberg et al.? made a systematic study 
of the effect of ventricular function on the closure of 
the mitral valve and found an inverse relation be- 
tween mitral regurgitant index and the maximal rate 
of rise of pressure in the left ventricle. They suggest- 
ed that the likelihood of mitral reflux during ineffec- 
tive atrial contraction may be determined in part by 
the rapidity of valve-cusp apposition at the onset of 
systole. They noticed further that the maximal rate 
of rise of pressure in the ventricle could not be the 
only factor involved. Mitral reflux, when present, 
was associated with increased ventricular end-dia- 
stolic volume (Fig. 3). 

Long clinical experience supports the concept that 
impaired ventricular function may lead to atrioven- 
tricular valve incompetence although the valve leaf- 
lets are normal. The obvious explanation has been 
that increased ventricular volume affects valve clo- 
sure by altering the size and the normal geometry of 
the valve annulus. 

Mitral annular size: The importance of in- 
creased mitral valve annular size became apparent 
in two experimental studies in which the mitral 
valve annulus in normal dogs was fixed with a rigid 
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ATRIAL FIBRILLATION 
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FIGURE 2. Effect of variations in ventricular contractility on the efficacy of mitral valve closure by ventricular systole alone (17 kg dog, 
morphine-pentobarbital anesthesia, heart block, stellate ganglionectomy, and vagotomy). Left panel, at the control level of ventricular 
contractility a considerable degree of mitral incompetence (regurgitant index, 18 percent) was present when simultaneous atrial-ven- 
tricular driving was used. During paired-pulse stimulation (second panel), mitral incompetence was practically eliminated and ap- 
peared again immediately after cessation of paired-pulse stimulation (third panel). A similar decrease in mitral incompetence occurred 


Guring atrial fibrillation when paired-pulse stimulation was used. (Reprinted by permission of the American Physiological Society from 
Williams et al.) 
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FIGURE 3. Decrease in mitral regurgitation with reduction of outflow resistance and ventricular size during normally sequenced (atrio- 
ventricular delay 60 msec) and simultaneous atrioventricular driving (atrioventricular delay 0 msec) (11 kc dog, stellate ganglionec- 
tomy and vagotomy). During increased outflow resistance (angiotensin), ventricular size was increased, and mitral reflux was consid- 


erable as compared with the conditions of decreased outflow resistance and ventricular volume (acetylcholine). (Reprinted from 
Vandenberg et al.3) 
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FIGURE 4. Comparison of shape and area of 
annulus of mitral valve during diastole 
(shaded area) and systole (area enclosed by 
broken lines) during control conditions (left 
panel) and decreased aortic pressure (right 
panel) (17 kg dog, morphine-pentobarbital 
anesthesia). Intersecting lines mark center 
of image. Positions of commissures (AC and 
PC) and of midpoint of base of anterior valve 
leaflet (A) are approximate. Narrowing of 
annulus is eccentric as indicated by greater 
decrease in length of segments delineated 
by beads 4, 5, 6, and 7 situated mainly on 
dorsal and lateral portions of circumference 
as compared to nearly negligible changes in 





A= Middle Anterior Leaflet 
AC: Anterior Commissure 
PC = Posterior Commissure 








7s ystole 


Diastole 


segments 1 through 4 at the base of the an- LITE 
terior leaflet. Anterior commissure moves 

dorsally and toward the right. (Reprinted by Maximum Diastolic Area (cm?) 4.5 3.5 
permission of the American Physiological Narrowing (%) 34 31 
Society from Tsakiris et al. 15) Heart Rate (beats /minute) 67 115 


ring inserted in the endocardial surface while the 
valve leaflets and the chordae tendineae were left in- 
tact.12.13 The mitral valve remained competent as 
long as relatively small rings were inserted. With 
larger rings, mitral reflux was always detected. 

To appreciate the mechanism by which increased 
ventricular volume may affect the valve ring, knowl- 
edge of the normal size of the annulus and its dy- 
namic geometry during the cardiac cycle is neces- 
sary. Since meager information!* was available on 
the magnitude and temporal relations of changes in 
the size of the mitral or tricuspid rings, geometric 
measurements of the mitral annulus were carried out : 
in intact anesthetized dogs. Radiopaque markers 
- were sutured in the endocardial surface of the appar- 
ent mitral annulus during cardiopulmonary by- 






pass.15 Several weeks after the operation the animals 
were anesthetized and positioned in a biplane video 
system so that in one projection the plane of the mi- 
tral valve was at right angles to the roentgen beam 
while in the other the entire circumference of the 
ring could be visualized. Thus the dimensions of the 
mitral valve annulus could be followed throughout 
the cardiac cycle. Observations were made during 
“control” hemodynamic conditions and when the ac- 
tivity of the heart was altered over a wide range. 

In all animals studied, a considerable decrease in 
the size of the mitral annulus was observed during 
atrial and ventricular systole. Under "control" con- 
ditions this decrease ranged between 19 and 34 per- 
cent of the maximal size during diastole. As demon- 
strated in Figure 4, annular narrowing was eccentric 
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FIGURE 6. Phasic changes in the area of the mitral annulus 
during decreased ventricu'ar ejection. Presystolic narrowing of 
the annulus associated with atrial contraction was not followed 
by further reduction during ventricular systole; rather an in- 
crease in annular size occurred during ventricular ejection (19 
kg dog, morphine-pentobarbital anesthesia). (Reprinted by per- 
mission of the American Physiological Society from Tsakiris et 
al.15) 


and was caused mainly by the shortening of the lat- 
eral and dorsal regions of the ring, which are the 
sites of direct attachment of valve leaflet tissue to 
the atrial and ventricular endocardium. It was ob- 
served further that annular size (maximal, ventricu- 
lar end-diastolic and ventricular systolic) varied con- 
siderably in the same dog under different hemody- 








namic conditions. At end-diastole, ventricular pres: 
sure and mitral ring sizes were directly related over : 
wide range. 

When the temporal sequence of the decrease in th: 
mitral valve area was analyzed, it was found that 
during normal sinus rhythm and normal or increasec 
ventricular ejection (during decreased aortic pres 
sure), the ring was narrowed progressively durin; 
atrial and ventricular contractions (Fig. 5). Approxi 
mately one half to two thirds of the total decrease ir 
size of the annulus occurred during atrial contrac. 
tion, so that the valvular orifice was reduced in size 
before the onset of ventricular systole. These obser 
vations indicate that narrowing of the mitral orifict 
by the atrial contraction and closure of the leaflet: 
by the ventricular-atrial pressure gradient normally 
act together to ensure effective closure of the valve a: 
the beginning of ventricular contraction. 

Although narrowing of the mitral annulus in these 
experiments depended on the presence and strengt 
of atrial contraction and the duration of the P-R in- 
terval, the percentage of decrease in annular size due 
to ventricular contraction depended on the hemody- 
namic conditions. Under normal conditions annulai 
size decreased during ventricular systole, but wher 
left ventricular end-diastolic volume was increased 
and the ejection fraction was reduced, as in acute 
elevation of the level of aortic pressure, the presystol. 
ic narrowing of the annulus associated with atria. 
contraction was not followed by further reduction in 
size during ventricular systole. On the contrary, the 
size of the annulus increased during ventricular ejec- 
tion (Fig. 6), possibly because the basal parts of the 
left ventricle (as seen in the simultaneously obtained 
left ventricular angiograms) contracted less than 
they did during more normal ventricular ejection 
and therefore did not reduce the size of the annulus. 
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and minimal narrowing (4 percent) of mitral annulus during atrial and ventricular contractions observed after termination of extrasystol- 


ic potentiation (19 kg dog, morphine-pentobarbital anesthesia). (Reprinted by permission of the American Physiological Society from 
Tsakiris et al.15) 
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The enlargement of the annulus in this situation is 
probably caused by the increase in the size of the left 
atrium that occurred during this phase of the cardiac 
cycle. ^ 

These observations may explain the previously 
mentioned findings of Williams et al.? and Vanden- 
berg et al.? These workers found that during condi- 
tions associated with increased ventricular volume 
ventriculogenic valve closure is less adequate than 
valve closure resulting from the combined effect of 
atrial and ventricular contractions. Narrowing of the 
valve ring by the atrium would be particularly im- 
portant in conditions associated with large ventricu- 
lar volume and reduced ejection fraction, in which 
ventricular contraction does not reduce the size of 
the ring. Mitral regurgitation would occur as a result 
of incomplete closure of the valve at the beginning of 
systole and with the increase in annular size 
throughout ventricular ejection. This finding could 
be demonstrated when, after termination of postex- 
trasystolic potentiation, a weak atrial contraction, in 
the presence of a large ventricle, produced little an- 
nular narrowing and was accompanied by significant 
mitral incompetence (Fig. 7). In contrast, presystolic 
narrowing would appear to be less important under 
conditions associated with normal ventricular vol- 
ume and systolic emptying, since the orifice is small- 
er at the onset of ventricular systole and also is re- 
duced in size by the ventricular contraction. 

Finally, dilatation of the tricuspid valve annulus 
has been observed after atrial systole in cardiac 
beats with a prolonged P-R interval (Fig. 8), and 
this finding may account for the presystolic atriogen- 
ic mitral reflux observed by Williams and co- 
workersi9.17 in their studies of dogs with abnormally 
long P-R intervals. 

Papillary muscle contraction: The last factor to 
be considered is the possible importance of papillary 
muscle contraction to mitral valve closure. It has 
been suggested on the basis of anatomic and cineflu- 
orographic studies that the papillary contribution to 
valve closure is two-fold.18.19 First, tension exerted 
through the chordae tendineae at the end of diastole 
draws the valve cusps toward a position of partial 
closure. Second, early contraction of the muscles 
compensates for ventricular shortening during sys- 
tole and thus prevents bulging of the valve leaflets 
into the atrium, which would permit regurgitation. 

Since the first report describing the syndrome of 
papillary muscle dysfunction,?° many clinical papers 
on this subject have appeared. The name implies mi- 

“tral insufficiency secondary to ischemia or infarction 
of one or both papillary muscles of the left ventricle. 
Although it is well established that rupture of a pa- 
pillary muscle or of chordae tendineae results in val- 
vular regurgitation, experimental evidence in the dog 
does not support the concept that inactivation or at- 
rophy of the papillary muscles produces mitral insuf- 
'ficiency. Hider et al.?! first demonstrated that inac- 
tivation of the papillary muscles with ethyl alcohol 
in the dog is not followed by mitral incompetence 
immediately or 10 to 16 weeks after the intervention. 
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FIGURE 8. Demonstration of tricuspid annulus dilatation (solid 
heavy line) after atrial contraction not followed immediately by 
ventricular systole (compare with Fig. 5) (15.5 kg dog, mor- 
phine-pentobarbital anesthesia, P-R interval spontaneously pro- 
longed). 


In a study recently performed in this laboratory,??.23 | 
isolated damage to one or both papillary muscles 
of the mitral valve was produced by the selective in- 
jection of small amounts of formalin into the muscles 
during cardiopulmonary bypass. 'The dogs were stud- 
ied at different intervals after the operation (24 
hours to 7 weeks) and, although extensive damage 
consisting of either hemorrhagic infarction or atro- 
phy of the muscles was found at autopsy, competent 
mitral valve closure was demonstrated by video- 
densitometry in tlie eight animals with normal ven- 
tricular function (Fig. 9). Mild mitral incompetence 
was demonstrated in three animals that also 
showed evidence of impaired ventricular contractility. 

Miller et al.24 reported similar results in dogs with 
papillary muscles damaged by suture ligatures. Fi- 
nally, Taylor et al.25 reported the presence of mitral 
incompetence immediately after inactivation of the 
papillary muscles in only 3 of 28 dogs studied. 

These studies demonstrate that, in the dog, the 
contraction of the papillary muscles is not essential 
for competent valve closure. Although the results ob- 
tained in anesthetized intact animals cannot be ex- 
trapolated with certainty to man, they suggest the 
possibility that a syndrome of papillary muscle dys- 
function may not exist. The observed mitral insuffi- 
ciency in patients with myocardial infarction might 
be a result of impaired ventricular contraction 


; alone. 
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FIGURE 9. Left, demonstration of competent mitral valve closure by roentgen videodensitometry 3 weeks after infarction of postero- 
medial papillary muscle (18.5 kg dog, morphine-pentobarbital anesthesia). No increase in roentgen density is evident over left atrium 
during or after injection of contrast medium into left ventricle. Right, section through atrophic posteromedial papillary muscle of the 
same dog, also 3 weeks after infarction. The muscle is almost entirely replaced by fibrous tissue. Damage is limited to papillary mus- 


cle; the adjacent myocardium is normal. (Hematoxylin-eosin X1.5) (Reprinted by permission from Tsakiris et al.23) 


Factors responsible for competent mitral valve 
closure: From the foregoing considerations it ap- 
pears that two factors are principally responsible for 
competent mitral valve closure: (1) the increase in 
ventricular pressure above that in the atrium, irre- 
spective of whether a normally sequenced atrial con- 
traction is present, and (2) the proper size of the 
annulus of the valve, permitting apposition of the 


LEFT VENTRICLE 


valve leaflets at the onset of and during ventricular 
ejection. 
Aortic Valve 

In recent studies from this laboratory2®28 the effi- 
ciency of aortic valve closure during different hemo- 
dynamic conditions was studied in normal dogs by 
means of roentgen videodensitometry, upstream 
sampling of dye dilution, and recording of flow veloc- 
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weak ventricular beat due to in- 
duced ventricular extrasystole 
(15.5 kg dog, morphine-pentobar- 
bital anesthesia). Atria and ventri- 
cles paced at 90 beats/min. De- 
flection of left ventricular video- 
densogram caused by aortic reflux 
and negative component of aortic 
flow pulse associated with prema- 
ture ventricular beat are shaded 
for better identification. A’ and V’ 
identify artifacts on electrocardio- 
gram and aortic flow pulse caused 
by atrial and ventricular pacing 
stimuli, respectively. (Reprinted by 
permission of the American Heart 
Association, Inc. from Von Bernuth 
et al.27) 
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ity and direction in the ascending aorta using an 
implanted electromagnetic flowmeter. In these stud- 
ies the aortic valve closed effectively after normal 
ventricular contractions, during both spontaneous 
sinus rhythm and regular atrioventricular pacing at 
heart rates of 65 to 200 beats/min. However, signifi- 
cant reproducible aortic regurgitation could be dem- 
onstrated in the same dogs when a ventricular con- 
traction was too weak to produce more than a barely 
detectable opening of the aortic valve. This incompe- 
tency of the normal aortic valve always occurred at 
the time of closure of the valve, coincident with the 
incisura of the aortic pressure curve (Fig. 10), and 
was confined to a narrow range of aortic pulse pres- 
sure, stroke volume and maximal rate and maximal 
acceleration of forward flow.27 

These findings support the concept that compe- 
tent aortic valve closure depends on vortex formation 
in the sinus of Valsalva of sufficient degree to keep 


the aortic valve leaflets in partial apposition during 
ejection of blood from the left ventricle. This allows 
the valve leaflets to close competently and instanta- 
neously at the end of ejection. However, when small 
stroke volumes are ejected at reduced velocity, there 
is a probability that no, or less, vortex formation in 
the aortic sinus results so that the aortic valve cusps 
will float into a wider opened position. This type of 
aortic regurgitation may be clinically significant in 
patients with multiple ventricular extrasystoles or 
rapid atrial fibrillation. It may be of further im- 
portance in the evaluation of aortic angiograms. 
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A system that allows the objective determination of blood flow in in- 
dividual blood vessels (that is, coronary arteries) in intact man is 
described. Roentgenographic images (produced at a rate of 60/sec) 
are recorded on video tape before and during a single injection of 
radiopaque contrast material into the circulation and replayed any 
number of times. The dilution and dispersal of this contrast material 
can then be quantitatively determined from simultaneous indicator- 
dilution (roentgen density) curves obtained from any site within the 
X-ray field by multiple roentgen videodensitometric analyses of the 
video tape record. Cyclic nonspecific changes in roentgen density 
due to motion of the vessel or catheter and changes in cardiac size 
and position are compensated for in real time measurements by 
digital computer. By obtaining the difference in mean transit times 
from indicator-dilution curves a measured distance apart along a 
coronary vessel, mean blood velocity can be determined and blood 
flow can then be calculated as the product of velocity and the vessel 
cross-sectional area obtained from biplane orthogonal roentgeno- 
grams. The effects of persisting contrast medium in the myocardium 
and cardiac chambers superposed in the videodensitometric sam- 
pling system are minimized by computer dynamic background can- 
cellation techniques. Simultaneous determination of flow values in a 
canine “coronary” artery by roentgen videodensitometry and electro- 
magnetic flowmeter show a good correlation (r — 0.95) among flow 
values of less than 150 ml/min. Similar coronary artery-roentgen 
density curves suitable for videodensitometric determination of flow 
have been obtained from clinical catheterization studies in man. 


Estimations of blood flow in individual coronary arteries are current- 
ly based upon subjective evaluation of the structural abnormalities 
demonstrated in these vessels by coronary angiography. However, 
reliable correlations between coronary arterial blood flow and struc- 
ture as determined by angiography have not been established. This 
paper describes the current status of a roentgen videodensitometric 
system that allows the objective determination of blood flow, simul- 
taneously with an assessment of vessel structure, at selected sites 
within the coronary circulation or nearly any other circulatory sys- 
tem within the human body. 

Roentgen videodensitometry is a roentgen-television-digital com- 
puter interactive system that, by measuring changes in roentgen 
opacity, can quantitatively determine the dilution and dispersal of a 
radiopaque contrast medium in the circulatory system. This system, 
described in detail elsewhere, has undergone significant develop- 
ment in this laboratory during the past seven years.*? It has con- 
tributed to the understanding of cardiac physiology in animal stud- 
ies* 6 and is currently applied to clinical studies of vessel blood flow 
during cardiac catheterization at St. Marys Hospital, Rochester, 
Minn.?.$ This roentgenographic circulatory indicator-dilution tech- 
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nique has several advantages over conventional tech- 
niques. Its high level of dynamic response enables 
the analysis of events within a single cardiac cycle. 
No blood sampling is required. After a single injec- 
tion of roentgen contrast medium, multiple simulta- 
neous indicator-dilution curves can be obtained from 
any circulatory site within the roentgenographic- 
video image, thereby eliminating the need for cathe- 
ter manipulation to various downstream sampling 
sites. No significant alterations in clinical arterio- 
graphic technique are required, and catheterization 
procedures are not prolonged. 


Description of Roentgen Videodensitometric 
System 


Figure 1 shows a diagram of this system. The X-ray 
source generates the roentgen rays that transradiate the 
heart, represented in this diagram by the “valentine.” 
The fluoroscopic image is intensified by a 9 inch image- 
intensifier assembly. 

An image-orthicon television camera is focused on the 
output phosphor of the image-intensifier tube and scans 
the image of the heart by means of a raster of 240 sequen- 
tial horizontal lines (video field) 60 times a second. Two 
fields are alternately interlaced to produce a frame. The 
fluoroscopic image, stored in the form of a video signal on 
video tape, can be reconstituted, line by line, on the face 
of a television tube on replay of the video tape. 

The electrocardiogram, ventricular pressure and other 
variables may be recorded simultaneously either as fre- 
quency-modulated signals on the data track of the same 
magnetic tape or in eight analog channels incorporated in 
the composite video signal along the left border of the 
video image. This capacity allows synchronization of 
events in the video image with other hemodynamic 
events. The video tape record of a single angiocardiogram 
can be replayed any number of times for immediate or 
later analysis. The video signal output of the tape record- 
er varies directly with the light intensity of the X-ray 
image, and this signal is fed into the videodensitometric 
sampling system. By moving a sampling window on the 
television tube (shown as the brightened square on the 


X-ray Source 
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“valentine” [Fig. 1]), the operator can select the exact site 
in the circulation that he wishes to sample. 

The videodensitometer consists of an integrating circuit 
coupled to an electronic switching arrangement set to 
sample the voltage of the video signal only during the suc- 
cessive 1 to 60 microsecond periods that the video beam is 
traversing the specific area of the video image to be ana- 
lyzed (sampling window). The video fields recur 60 times 
a second, and this field-repetition rate determines the 
sampling rate of the videodensitometer. 

The voltage from the portion of each line that crosses 
the sampling area is integrated electronically, and the 
sum of the portions of each line that crossed the sampling 
window during each vertical sweep of the electronic beam 
down the tube face is fed to the densitometric recorder. 
The videodensitometric output, the electrocardiogram and 
other recorded variables are then converted into digital 
form for computer analysis. The roentgenographic system, 
video tape recorder, digital computer and associated 
equipment used for videodensitometry are identical to 
those used for videometry and are described elsewhere in 
this Symposium.® 

Video-dilution curves may be recorded with an X-ray 
exposure of about 20 to 30 seconds (about 20 percent of 
the usual exposure rate for clinical fluoroscopy). By 
replaying the tape and repositioning the site of the sam- 
pling window, one can record from a single videoangio- 
gram as many different curves from as many different 
sites as desired. The system has a high enough level of 
sensitivity to permit small doses of contrast medium (1 to 
3 ml of 69 percent Renovist®) to be used, thus minimizing 
the physiologic effect produced by the actual injection. 


Methods of Calibration 


In vitro calibrations of the videodensitometer yield a 
linear relation between measured roentgen optical density 
and known depths or concentrations of contrast medium. 
However, this result can be obtained only when the 
image-orthicon television camera tube is operated within 
the limits of the linear segment of its response curve.” 
These relations have been examined over a range of roent- 
gen kilovoltages (80 to 110 kv) and currents (1 to 2 ma) 
and with a variety of thicknesses of background X-ray- 
absorbing media. Over the range examined, the mass ab- 
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FIGURE 1. Diagram of roentgen 
videodensitometer system. See text 
for description. (Reprinted by per- 
mission from Sturm and Wood.) 
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FIGURE 2. Roentgen videodensitometric dilution curves recorded over and adjacent to the left coronary artery during injection of 12 ml 
of 69 percent Renovist into the ascending aorta of a 15.4 kg dog under morphine-pentobarbital anesthesia. The uncompensated curves 
from both sites (B and A, upper tracings) are a direct computer replot of the digitized videodensitometric data. The compensated 
curves (B and A, lower tracings) are obtained by subtraction of the respective nonspecific cyclic variation in roentgen density (control 
cardiodensograms B and A) from the uncompensated curves (see text). The computer-generated small vertical bars below the electro- 
cardiogram (2 of which are marked R) indicate the instants in time at which the computer recognized successive R waves of the elec- 
trocardiogram. These blips verify that the computer program for recognizing and subtracting the cardiodensogram is operating in the 
correct temporal relation with respect to each cardiac cycle. The difference, the stippled area (B-A), between the compensated coro- 


nary plus background curve (B) and the compensated background 


roentgen density curve (A) represents the change in roentgen 


opacity due to the transit of contrast medium through the coronary artery alone. (Reprinted by permission from Smith et al.7) 


sorption coefficients for iodine and water were approxi- 
mately reciprocal functions of the kilovoltage values.? 

Calibrations with known varied amounts of contrast 
material injected into the left atrium and ventricle have 
further demonstrated the linearity of the videodensitomet- 
ric system in vivo, despite large changes in background 
density. These data have been reported in detail pre- 
viously.1.10 


Videodensitometric Determination of Vessel 
Blood Flow 


Nonspecific changes in roentgen density due to 
motion of the catheter or vessel and changes in car- 
diac size and position are compensated for in real 
time measurements with a time-shared digital com- 
puter (CDC 3500).! The roentgen density variation 
for each 1/60 second interval is averaged for the five 
cardiac cycles preceding the injection of contrast me- 
dium. This cyclic value, or control cardiodensogram, 
is logarithmically subtracted from the uncompensat- 
ed video density signal in correct temporal relation 
to each cardiac cycle before and during the injection 
of contrast medium (Fig. 2) to give the compensated 
roentgen density curves due to contrast medium 
alone. The computer-generated plot of the logarithm 
of changes in roentgen density is linearly related to 
changes in concentration of the contrast medium 
with respect to time in accordance with the Lam- 
bert-Beer law. This compensation for nonspecific 
changes in roentgen density considerably enhances 
the capability of the videodensitometer to detect 
changes in roentgen density due to contrast medium 
in small vessels. 
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Videodensitometric determination of coronary 
blood flow must take into account two additional 
technical problems. The first problem is that the 
coronary arteries are small (1 to 4 mm in diameter in 
the dog) and, because of their position on the epicar- 
dial surface, may move from 1 to 5 vessel diameters 
with each heartbeat. This problem can be overcome 
by making the videodensitometric sampling window 
sufficiently large so that the selected site on the cor- 
onary artery always remains within the range of the 
sampling window (Fig. 2). The column of blood in 
the artery may now occupy only 20 or 25 percent of 
the sampling window area, and the sensitivity of the 
videodensitometer is reduced proportionately. De- 
spite this reduced sensitivity, the change in roentgen 
density due to contrast medium in a small (1 mm 
diameter) rapidly moving coronary artery can be de- 
tected in the intact animal (Fig. 2) and man (Fig. 3). 

The second problem is that the coronary arteries, 
for most of their length, are superposed upon the 
heart, and videodensitometric data on the coronary 
artery may include data on contrast material within 
the superposed portions of the ‘cardiac walls and 
chambers. Similar difficulties have been encountered 
in the radiographic measurement of blood flow in the 
pulmonary artery.!! Figure 2 demonstrates the com- 
puter-generated indicator-dilution curves obtained 
after the injection of contrast medium into the aortic 
root of an anesthetized dog. Compensated curve B 
represents not only contrast material in the coronary 
artery but also contrast material persisting in the 
myocardium and recirculating in the cardiac cham- 
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bers superposed in the sampling window. By replay- 
ing the tape, we obtained a compensated back- 
ground curve (A) during the same injection from an 
area of the heart immediately adjacent to the coro- 
nary artery. This curve (A) was logarithmically sub- 
tracted by the computer from the coronary artery 
plus background curve (B) to give a dilution curve of 
the contrast medium within the selected 2 to 3 mm 
segment of the coronary artery alone (B-A). Differ- 
ences in geometry and resultant roentgen opacity at 
the two sites were eliminated by the computer com- 
pensation routine, which equates the roentgen densi- 
ties at the two sites to zero before injection. Similar 
compensated curves have been obtained in this labo- 
ratory from video tape recordings made during coro- 
nary arteriographic studies in patients with coronary 
artery disease (Fig. 3). 

Videodensitometric method for measuring coro- 
nary blood flow: The determination of vessel blood 
flow by the Stewart-Hamilton indicator-dilution 
method requires knowledge of the exact amount of 
injected contrast material and its absolute concen- 
tration (or extent of dilution) at some downstream 
point. Because of the presence of contrast medium 
from superposed structures within the videodensito- 
metric sampling window, the absolute concentration 
of contrast medium within the vessel is difficult to 
determine by monoplane roentgenographic tech- 
niques. We have therefore determined the coronary 
arterial blood flow from the mean transit time of the 
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contrast medium-blood mixture along short, non- 
branched coronary arterial segments of determined 
length and volume. This method has been applied 
clinically to the determination of flow in the aortocor- 
onary saphenous vein bypass grafts of patients oper- 
ated on for symptomatic coronary artery disease? 
(Fig. 4) and appears applicable to determinations of 
coronary arterial blood flow for several reasons. The 
concentration of the contrast medium in the artery 
need not be determined in absolute units, and 
knowledge of the exact amount of contrast medium 
injected into the coronary arteries (which would ne- 
cessitate selective coronary angiography with no con- 
trast reflux into the aorta) is not required. The vol- 
ume and length of the individual coronary arterial 
segments can be readily determined by measurement 
of their angiographic dimensions from biplane 
orthogonal roentgenograms after correction for mag- 
nification in the two planes. Computer analysis of 
the coronary arterial segment coordinates, trans- 
ferred from the orthogonal angiograms, facilitates 
accurate three-dimensional measurement of both the 
distance between sampling sites along the segment 
and the segment's cross-sectional area, regardless of 
the position of the patient or degree of vessel tortu- 
osity. Determination of coronary arterial segment 
values for volume from biplane roentgenograms does 
not take into account changes in volume during 
phases of the cardiac cycle. However, Douglas and 
Greenfield!3 have shown that these dynamic changes 
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FIGURE 3. Computer-generated plots of roentgen density dilution curves during injection of 2 ml of 76 percent Renografin into an 
aortocoronary artery-saphenous vein graft in a patient with severe coronary disease. Curves were recorded over and adjacent to the 
left anterior descending coronary artery just distal to the downstream anastomosis. The stippled area between curves B and A repre- 
sents the roentgen density-time curve caused by the transit of the contrast medium-blood mixture through the coronary arterial seg- 
ment (window B) and was obtained by subtraction of the roentgen density change due to contrast medium transit through adjacent 
myocardium and superposed chest wall (window A). This change in roentgen density due to contrast transit through the coronary ar- 
tery alone is analyzed and plotted by the computer as a single time-density curve. See lower curve (B-A). It is apparent from the photo 
that multiple simultaneous indicator-dilution curves may be obtained within the coronary circulation from the single injection of contrast 
material by repositioning the videodensitometer sampling window during each video tape replay of the coronary arteriogram. 
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are small, averaging only 3.7 percent for a 50 mm Hg 
increment in pressure (initial distending pressure 100 
mm Hg) in the epicardial portion of canine coronary 
arteries. 

Rutishauser et al. have previously applied similar 
roentgen cinedensitometric techniques to obtain the 
difference in mean transit times of a contrast me- 
dium-blood mixture a measured distance apart along 
a vessel, in order to determine blood flow in the cor- 
onary arteries of dogs!* and of man.15 They did not 
examine the influence of contrast material in the su- 
perposed structures upon determinations of mean 
transit time. Persistence of contrast material in the 
myocardium and recirculation in the cardiac cham- 
bers superposed in the sampling path will theoreti- 
cally prolong mean transit times and lead to an un- 
derestimation of vessel flow. 

Comparison with electromagnetic flowmeter 
technique: To assess the ability of the background 
subtraction technique to obtain valid compensated 
indicator-dilution curves from small mobile vessels, 
we determined flow rates simultaneously by roentgen 
videodensitometry and electromagnetic flowmeter in 
an anesthetized dog. These studies have been re- 
ported in detail elsewhere.® A 2.0 mm (inside diame- 
ter) tubing was inserted into the aorta immediately 
above the left coronary ostium and sutured to the 
epicardium so that the tubing would have the same 
movement and contrast-medium background as a 
coronary artery. The tubing was then connected to a 
cannulating electromagnetic flow probe (Carolina 
Medical Electronics, Model R420, Winston-Salem, 


Position of Video 
Sampling Windows 





N. €.) proximal to its insertion into the left atrium. 
Flows were determined simultaneously by the two 
independent methods during a series of contrast me- 
dium injections into the dog's aorta while the resis- 
tance in, and hence the volume of flow through, the 
tubing was varied by a screw clamp near the down- 
stream end. The indicator-dilution curves obtained 
from the tubing were similar to those obtained from 
the dog's coronary arteries, with the advantages that 
flow rates could be widely varied and determined ac- 
curately with the cannulating electromagnetic flow- 
meter in a stable preparation with normal contrast 
background. Since the exact dimensions of the tub- 
ing are known, the accuracy of the videodensitomet- 
ric flow measurement is determined solely by the 
ability of the dynamic background cancellation tech- 
nique to provide accurate compensated "coronary" 
indicator-dilution curves and mean transit times. 


Results 


'The simultaneous flow determinations are plotted 
against each other in Figure 5. A good correlation 
was demonstrated (r 0.95) among flow values of 
less than 150 ml/min obtained by these two inde- 
pendent methods. With flow values greater than 150 
ml/min, the videodensitometric method gives pro- 
gressively larger values than the electromagnetic 
flowmeter. Calibration of the electromagnetic flow- 
meter against direct volumetric measurements dem- 
onstrated that it was linear and varied by less than 5 
percent of the direct volumetric values over a range 
of 0 to 250 ml/min. 
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FIGURE 4. Computer-generated roentgen density curves recorded simultaneously over proximal (A) and distal (B) segments of an 
aortocoronary artery saphenous vein graft in a 55 year old male patient (76 kg) with severe coronary artery disease. The difference in 
mean transit time (1.38 seconds) of the contrast medium at the 2 sites and the measured length of the graft (11.2 cm) between the 2 
sites are used to calculate the mean velocity of blood flow between these sites. The volume rate of blood flow through the graft (2.83 
ml/sec or 170 ml/min) is the product of mean velocity and cross-sectional area of the vessel. At the time of operation, blood flow 
through this graft was determined by electromagnetic flowmeter to be 160 ml/min after completion of extracorporeal circulation. (Re- 


printed by permission from Smith et al.7) 
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Discussion 


The validity of flow measurement by roentgen 
videodensitometry. Belief in the validity of video- 
densitometric values is based on several assump- 
tions. The first assumption is that flow is not altered 
significantly by the force of injection of the contrast 
material, its vasodilator action or its viscosity. The 
injection catheter was floating freely in the aorta just 
downstream to the aortic valve and was not wedged 
into the orifice of the coronary vessels. The bolus of 
contrast medium was small (6 ml), and the effects of 
the transient increase in pressure in the aorta were 
quickly dissipated. A small sine wavelike oscillation 
(+5 percent) in electromagnetic flow values, with no 
significant alteration in mean flow, was noted after 
injection of the contrast material. 

Because flow is determined from the mean transit 
time of the contrast material through a segment of 
the vessel that is upstream to the resistance vessels 
in the coronary bed, the vasodilator action of con- 
trast material should not influence determination of 
flow during the initial injection. Subsequent deter- 
minations of flow in dilated coronary vessels might 
yield higher values, but the extent and duration to 
which the normal and atherosclerotic coronary arte- 
ries of man dilate in response to either selective coro- 
nary arterial or aortic root injections of contrast me- 
dium are not known. Radiopaque contrast materials 
differ widely in their vasodilator effects.!6 The in- 
crease in flow that could result from coronary arteri- 
al dilatation may be offset by systemic hypotension 
after the injection’? or by the presence of viscous 
contrast material within the coronary artery. Thus, 
net changes in mean coronary flow after the injection 
of a small volume of contrast medium appear to be 
small.18 

'The second major assumption is that the vessel di- 
mensions can be determined accurately by radio- 
graphic methods. In a related study,!? we did not 
find a significant difference (P 70.5) between dimen- 
sions of 56 saphenous vein grafts determined at the 
time of surgical implantation and the dimensions ob- 
tained at early postoperative angiography. Since 
there was also no significant difference (P >0.9) be- 
tween the diameter for the grafts determined from 
the anteroposterior views (4.79 mm + 0.57 standard 
deviation) and the diameter determined from the 
lateral views (4.76 mm + 0.84 SD), the corrections 
for X-ray magnification in the orthogonal views ap- 
pear to be accurate. A mean diameter of 2.04 mm + 
0.07 SD was obtained from eight angiographic deter- 
minations of the dimensions of the 2.0 mm (inside 
diameter) plastic “coronary artery" tubing in the 
dog experiments. 

Blood flow in each of multiple nonbranching seg- 
ments of the coronary circulation can be determined 
from the video tape replay of a single recorded injec- 
tion of contrast material. Because of the relatively 
short lengths of the nonbranching coronary arterial 
segments, accurate determination of mean transit 
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ELECTROMAGNETIC FLOWMETER 
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FIGURE 5. Twenty-eight simultaneous determinations of "coro- 
nary” flow by electromagnetic flowmeter and videodensitometry 
after a series of injections of 6.0 ml of contrast material into the 
aorta just downstream to the aortic valve in a 22.4 kg doc 
(morphine-pentobarbital anesthesia). Videodensitometric flow 
determinations were based on vessel contrast medium-dilution 
curves obtained after computer-dynamic background cancella- 
tion. A good correlation exists between the 2 methods with flow 
values of less than 150 ml/min (r — 0.95). (Reprinted by per- 
mission from Smith et al.8) 


time and vessel dimensions is essential for depend- 
able measurements of blood flow. In our study in 
dogs, coronary blood flow was determined simulta- 
neously by roentgen videodensitometry and by elec- 
tromagnetic flowmeter, and the results suggest that 
videodensitometric coronary flow measurement in 
patients with coronary artery disease is feasible. 

The shift away from the line of unity at higher 
flow rates may result from small errors introduced by 
the background subtraction technique. The present 
videodensitometric sampling system integrates the 
video signal from the sampling window before loga- 
rithmic conversion by the computer. In the strict ap- 
plication of the Lambert-Beer law, the individual 
samples within the sampling window should be con- 
verted to logarithmic values before integration. With 
a progressive increase in velocity, a small error in 
mean transit time determined by the present system 
may cause a progressively larger error in flow deter- 
mination. In man, with his larger coronary arteries, 
coronary blood flow values will probably be within 
the velocity limitation of the present system. In ad- 
dition, the incorporation of recently developed loga- 
rithmic amplifiers into the videodensitometric sam- 
pling system should eliminate this source of error. 

Applications: Our present efforts involve the utili- 
zation of a dual window logarithmic amplifier video- 
densitometer capable of determining both the roent- 
gen density within and the area of the videodensito- 
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metry sampling windows. This system will allow for 
instantaneous logarithmic subtraction of roentgen 
density due to background contrast material. It is 
anticipated that videometric quantizer techniques 
can be utilized, by means of the computer, to direct 
the videodensitometric sampling windows so that 
they will lock onto and track moving segments of 
designated coronary arteries during successive cardi- 
ac cycles. Since the coronary artery would then occu- 
py the entire area of the videodensitometric window 
or windows, sensitivity would be significantly in- 
creased, and the background contrast effect in the 
adjacent myocardium would be greatly reduced. As 
noted by Ritman et al.? in this Symposium, the ca- 
pability to determine the area of the videodensitom- 
etric sampling window quantized on the left ven- 
tricle, together with its roentgen density profile, al- 
lows the true dynamic shape and volume of the left 
ventricle to be determined more accurately. 

Use of biplane angiograms to obtain simultaneous 
roentgen videometric and roentgen densitometric 


measurements of the same segment of the circulation 
in orthogonal projections will provide simultaneous 
determination of the thickness of the transradiated 
column of blood and the amount of contrast medium 
in this blood traversing the specific segment of tne 
circulation under study. This information should in 
turn provide the basis for calculation of the concen- 
tration of contrast medium in this blood and, hence, 
for recording quantitative indicator-dilution curves. 
Because these data are obtained in electronic form 
suitable for computer processing, it is possible to 
make flow determinations from the analysis of large 
volumes of data obtained from renal, cerebral, pul- 
monary and other organ vessels in addition to the 
coronary vessels. 
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Radarkymography is a new noninvasive technique by which horizon- 
tal movements of the cardiac silhouette, as projected on a television 
screen, can be recorded reliably and reproducibly. It has been used 
clinically to record and follow sequentially left ventricular wall motion 
disorders in 62 patients with acute myocardial infarction. Asynergis- 
tic left ventricular wall motion (that is, paradoxical pulsation, hypoki- 
nesis and akinesis) was recorded in 81 percent of the 62 patients 
studied, and wall motion then was followed for up to 20 months. Wall 
motion abnormalities also were recorded in 28 of the 42 patients 
with symptomatic chronic coronary artery disease and in each of 4 
patients with various forms of cardiomyopathy. 


Changes in the mode of contraction of the left ventricular wall are 
known to exist in chronic coronary artery disease,! myocardial in- 
farction2 and cardiomyopathy.1:3 These changes interfere with the 
effectiveness of left ventricular contraction and may cause cardiac 
failure.! Detecting and localizing such disorders is of great clinical 
importance, and several techniques have been developed to assess 
left ventricular wall motion. Among those widely used are fluoros- 
copy, roentgenkymography,®  electrokymography,$ ultrasound 
echography’ and cineventriculography. 

Radarkymography provides a new noninvasive technique for re- 
cording cardiac wall motion.2.3:8 Its major advantages over other 
noninvasive techniques are that it is reproducible, has a linear re- 
sponse, requires little radiation exposure and does not rely on subjec- 
tive impressions of the observer. Radarkymography is easily adapt- 
able to the study of acutely ill patients and can be repeated at fre- 
quent intervals.? We have found this technique to be of great clinical 
value in detecting and sequentially following wall motion disorders 
in patients with coronary artery disease, with or without myocardial 
infarction, and in patients with cardiomyopathy. 


Radarkymographic Method 


The image of the heart on a television screen presents a change in density 
at the interface of the cardiac border and the lung (Fig. 1). During ejection, 
the left ventricular border normally moves medially on a horizontal plane, 
and during diastolic filling it moves laterally. Thus, the cardiac border pre- 
sents a constantly moving transition in density, and this creates a voltage 
peak. A tracker circuit locks onto this peak and follows the movement of 
the cardiac border. These movements are translated into analog signals that 
can be displayed on an oscilloscope and recorded. The record is called a 
radarkymogram. 

While the image of the heart, recorded on video tape or directly project- 
ed, is scanned on a television monitor, the horizontal motion of various sites 
along the heart border is recorded. The electrocardiogram serves as a refer- 
ence tracing. By manually positioning the tracker, the operator can track 
the entire left ventricular silhouette in the frontal, left anterior oblique and 
lateral projections. In some cases, proper rotation of the patient allows re- 


August 1973 The American Journal of CARDIOLOGY Volume 32 151 


RADARKYMOGRAPHIC STUDY OF VENTRICULAR WALL MOTION DISORDERS—KAZAMIAS AND GANDER 


Tracker 





FIGURE 1. The image of the heart as projected on a television 
screen presents a change in density at the interface of the car- 
diac border and the lung. As the heart pulsates, the cardiac 
border presents a constantly moving transition in density, and 
this creates a voltage peak. A tracker locks onto this peak and 
follows the movement of the cardiac border. 


cording of the pulsations of the diaphragmatic surface of 
the left ventricle. For assessing areas of asynergism, the 
ventricular silhouette has been divided into high, mid and 
low (apical) portions in the frontal, oblique and lateral 
projections. This last projection allows recording of the 
pulsations of the posterior wall of the left ventricle. The 
records are calibrated by a voltage signal that is recorded 
after each radarkymogram and are corrected for X-ray mag- 
nification.? 


The Normal Radarkymogram 


The normal radarkymogram (Fig. 2) consists of 
three waves in each cardiac cycle.? At the onset of 
mechanical systole, cardiac rotation and changes in 
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FIGURE 2. The three waves (a, s, d) of the normal radarkymo- 
gram. 


the shape of the left ventricle to a more spherical 
configuration result in an initial outward motion of 
its lateral wall. This is recorded as an upward wave 
termed the a wave. À rapid inward motion of the 
cardiac silhouette follows the a wave. This motion 
represents ventricular ejection and is recorded as a 
downward wave on the radarkymogram (s wave). 
During ventricular relaxation and filling, the out- 
ward movement of the heart is represented by an up- 
ward deflection in the tracing (d wave). 


Abnormal Radarkymogram 


Three abnormal radarkymographic patterns were 
recorded from the left ventricular border (Fig. 3): 

1. Paradoxical pulsation (complete reversal of pul- 
sation). The tracing exhibits an upward deflection (s 
wave) during ventricular systole and a downward de- 
flection (d wave) during diastole. 

2. Hypokinesis (localized diminution of motion). 
The direction of wall motion is normal, but the ex- 
tent of motion is less than the lower limit of normal 
(1mm). 

3. Akinesis (localized absence of movement). The 
recordings show no waves having any consistent rela- 
tion with the electrical events of the heart. 


Clinical Applications of Radarkymography 


Wall motion disorders have been demonstrated by 
radarkymography in three groups of patients. 

Group I—patients with acute myocardial in- 
farction: Each of the 62 patients satisfied at least 
two of the following criteria of acute myocardial in- 
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FIGURE 3. The three abnormal radarkymographic patterns. 
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farction: history of typical chest pain occurring with- 
in 24 hours before the study; electrocardiographic 
changes indicative of acute myocardial injury and 
subsequent evolution of a typical "infarct" pattern; 
abnormally elevated serum enzyme levels (glutamic 
oxaloacetic transaminase [SGOT], creatine phos- 
phokinase [CPK] and lactic dehydrogenase [LDH]i- 
soenzymes). Left ventricular contractions were re- 
corded by radarkymography as early as 30 minutes 
after the acute event and were followed sequentially 
for periods of up to 20 months. Complete reversal of 
pulsation in one or more segments of the lateral wall 
(Fig. 4) was demonstrated in all 28 patients whose 
electrocardiogram demonstrated acute injury involv- 
ing the lateral wall of the left ventricle (Table I). In 
addition, complete reversal of pulsation was ob- 
served in the lateral wall in 5 of 8 patients with elec- 
trocardiographic evidence of anteroseptal myo- 
cardial infarction and in 11 of 26 patients with elec- 
trocardiograms showing inferior wall infarction. The 
movements of the diaphragmatic wall of the left ven- 
tricle could be recorded in only 3 of these 26 pa- 
tients; all 3 demonstrated paradoxical pulsations or 
akinesia (Fig. 5). Hypokinesis and akinesis frequent- 
ly were shown in areas adjacent to those exhibiting 
paradoxical pulsations,? or in the recovery period in 
areas that had shown paradoxical pulsation earlier. 
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FIGURE 4. Radarkymograms in a man who had an anterolateral 


infarction 3 hours before the tracings were recorded. The pulsa- 
tions of the high (A), mid (B) and inferior (D) segments of the 
left ventricular wall were normal as shown by a downward s 
wave and an upward d wave. The left ventricular apex (C), the 
site of acute injury, demonstrated complete reversal of pulsa- 
tion. 


TABLE | 


Patterns of Left Ventricular Wall Motion in 
62 Patients with Acute Myocardial Infarction 


a S 


Location of Infarct by Electrocardiogram 





Lateral Wall Inferior 
(Antero- Antero- (Diaphrag- 
lateral & septal matic 
Inferolateral) Wall Wall) 
tls Corea. Ks AES Ree as re Cn 
Patients (no.) 28 8 26 
Wall motion 
Normal T 1 11 
Paradoxical 28 5 11 
pulsation 
Hypokinesis od 1 2 
Akinesis 1 2 


E a M — 


Thus, during the acute phase of myocardial injury, 
left ventricular wall motion abnormalities could be 
demonstrated by radarkymography in 50 (81 per- 
cent) of 62 patients (Table I). Even this high per- 
centage probably underestimates the incidence of 
asynergy of the left ventricular wall in acute myocar- 
dial infarction, since radarkymograms of the posteri- 
or and inferior wall frequently could not be recorded 
because of the absence of a visible heart-lung inter- 
face. Therefore, many wall motion disorders limited 
to these areas were missed. During follow-up periods 
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FIGURE 5. Radarkymograms from a man who had an acute in- 
ferior (diaphragmatic) infarction. The tracings from the high (B) 
and mid (C) segments of the left ventricle show normal pulsa- 
tions. The low segment demonstrates hypokinesis (D), and the 
area of the diaphragmatic wall adjacent to the apex shows akin- 
esis (E). 
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FIGURE 6. Radarkymograms in a 33 year old man with familial 
cardiomyopathy.? Only the high (A) and posterior (D) walls of 
the left ventricle pulsated normally. The mid and low left ventri- 
cle pulsated paradoxically. 


of up to 20 months, 34 (68 percent) of the 50 patients 
with left ventricular asynergy retained some form of 
wall motion abnormality, 5 patients regained normal 
pulsations and 11 patients died. Ten of these last 11 
patients retained some form of left ventricular asyn- 
ergism up to the time of death. 

Group II—patients with chronic coronary ar- 
tery disease: Forty-two patients with chronic arteri- 
osclerotic coronary disease were studied. As docu- 
mented by history, laboratory reports or typical elec- 
trocardiographic changes, 29 had had myocardial in- 
farction 1 year or more before the examination. The 
remaining 13 patients, without evidence of a previ- 
ous myocardial infarction, had angina pectoris and 
abnormal exercise electrocardiograms. 

In 20 of the 29 patients with documented myocar- 
dial infarction, the infarct had involved the lateral 
wall of the left ventricle. At the time of the study, 
electrocardiographic Q waves of an old anterolateral 
infarct were found in six patients, and Q waves of an 
inferolateral infarct were present in three. Four pa- 
tients showed lateral wall ischemia, and seven had 
normal resting electrocardiograms. In all 20 patients, 
wall motion abnormalities were demonstrated by 
radarkymography: the tracings of 16 revealed para- 
doxical motion in the mid or low left ventricular 
wall, and the remaining 4 tracings showed segmental 
hypokinesis or akinesis. 

Of the other nine patients with documented myo- 
cardial infarction, six had electrocardiographic evi- 
dence of an old anteroseptal infarct at the time of 
study. Radarkymography demonstrated motion ab- 


normalities of the low left ventricular wall in only 
two of the six. Three patients had electrocardio- 
graphic findings of an old diaphragmatic infarct, and 
one of them showed hypokinesis of the low lateral 
left ventricle. 

All of the 13 patients with angina pectoris without 
previous myocardial infarction had normal resting 
electrocardiograms. However, in eight of them 
radarkymography demonstrated abnormalities: 
paradoxical pulsation of the low ventricle in six pa- 
tients and akinesis in two. Thus, a disorder of left 
ventricular wall motion was demonstrated in 31 (74 
percent) of the 42 patients with chronic coronary ar- 
tery disease. 

Group III—patients with cardiomyopathy: Of 
four patients with various forms of cardiomyopathy, 
two had primary myocardial disease, one had alco- 
holic cardiomyopathy and one had familial cardio- 
myopathy. All four showed segments of decreased 
left ventricular wall motion, and three of them dem- 
onstrated areas of paradoxical motion in the lateral 
left ventricle (Fig. 6). Cineventriculography was per- 
formed in three patients, and in each it confirmed 
asynergistic contraction of the left ventricular wall. 


Discussion 


The occurrence of wall motion abnormalities in 
acutely induced myocardial ischemia was demon- 
strated in 1935 by Tennant and Wiggers,? who 
showed complete reversal of pulsation in heart mus- 
cle made ischemic by coronary arterial ligation. 
Since then, several techniques for studying left ven- 
tricular wall motion disorders in patients with ar- 
teriosclerotic heart disease have been described, and 
abnormal left ventricular pulsations have been ob- 
served both by fluoroscopy!? and by electrokymogra- 
phy!! in a high percentage of patients with myocar- 
dial infarction. 

Our studies have shown radarkymography to be of 
value in the study of left ventricular wall motion in 
patients with coronary heart disease. It is a noninva- 
sive technique and is thus adaptable to acutely ill pa- 
tients. In addition, its reproducibility and ease of 
repetition have allowed us to follow up sequentially 
patients who have wall motion disorders after myo- 
cardial infarction. 

A reversal of pulsation usually can be demon- 
strated during acute transmural myocardial infarc- 
tion. This reversal was found in all patients with 
acute myocardial injury involving the lateral wall of 
the left ventricle and in five of eight patients under- 
going acute anteroseptal infarction. Demonstrating 
wall motion disorders in patients with acute dia- 
phragmatic injury is more difficult, and of 26 such 
patients, 15 exhibited abnormalities of pulsation of 
the left ventricular apex, but 11 had normal radar- 
kymograms. The diaphragmatic surface of the left 
ventricle could be tracked in only 3 of the 26. 

During a period of up to 20 months after the acute 
infarct, 34 of the 50 patients with wall motion abnor- 
malities continued to show asynergistic left ventricu- 
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lar contractions, and only 5 patients regained normal 
pulsations. Eleven patients died, and 10 of them had 
paradoxical wall motion up to the time of death. In 8 
of the 10, the wall motion disorder increased in size 
between the initial and the repeat studies. Sequen- 
tial radarkymographic findings may therefore be use- 
ful in evaluating the prognosis of patients with myo- 
cardial infarction.” 

Seventy-five percent of the 42 patients with chron- 
ic coronary artery disease, with or without known 
myocardial infarction, showed left ventricular wall 
motion disorders, chiefly in the mid to low lateral 
left ventricle and the ventricular apex. Fifty percent 
of the patients with wall motion abnormalities did 
not show any evidence of ischemic heart disease in 
their resting electrocardiograms. The detection of 
such asynergistic areas may be helpful in explaining 
recurrent cardiac failure or persistent angina when 
the cause may not be otherwise apparent. Also, 
radarkymography offers a safe and accurate method 
of localizing an area of asynergism before surgical 
correction. 


Wall motion abnormalities found in patients with 
various types of cardiomyopathy were similar to the 
changes due to arteriosclerotic heart disease: hypoki- 
nesis, akinesis or paradoxical motion of one or more 
segments of the left ventricular wall. Therefore, 
radarkymography does not establish the cause of left 
ventricular wall motion disorders, and other studies 
may be required for complete diagnosis. 

Limitations of method: The main limitation of 
radarkymography is that it can be used only when 
an interface exists between the cardiac silhouette 
and the adjacent structure. Consequently, pulsation 
of the diaphragmatic wall of the left ventricle often 
cannot be recorded, and recording the lateral surface 
of the left ventricle may be difficult in patients with 
extensive pulmonary fibrosis, pulmonary edema, 
pleural effusion or bony distortion of the chest. De- 
spite these limitations, radarkymography is useful in 
the evaluation of patients with arteriosclerotic heart 
disease, particularly in the detection of acute left 
ventricular aneurysms that are otherwise unrecog- 
nizable by noninvasive techniques. 
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A device to track and record the motion of the left ventricular border 
in the intact subject has been designed. The system involves the use 
of “track-while-scan-techniques” applied to video signals from a 
portable fluorescope image intensifier. Fourteen dogs were prepared 
with an aortic flow probe, left ventricular strain gauge arch, an in- 
dwelling left ventricular catheter and ventricular pacing wires. The 
contractile state of the heart was altered by various doses of pro- 
pranolol and isoproterenol, and the displacement and velocity of the 
tracking wave signal were recorded. The product of the tracking 
wave height and slope correlated significantly with the first derivative 
of left ventricular pressure ([dP/dt]max) (r = 0.90, P <0.001), left 
ventricular strain gauge displacement (r = 0.95, P <0.001) and 
peak aortic flow velocity (r = 0.92, P <0.001). Alterations of heart 
rate within the range of 65 to 180 beats/min had minimal effect on 
the tracking wave signal. Heart tracking provides a simple, noninva- 
sive method of quantifying alterations of myocardial contractility in 
the intact animal, and is presumably applicable in man. 


Hemodynamic evaluation of the patient with cardiac failure after 
open heart surgery or a myocardial infarction involves the placement 
of indwelling catheters in the heart and blood vessels and the injec- 
tion of dyes and radiopaque materials. These methods are uncom- 
fortable to the patient, have a limited capacity to be repeated and 
have been associated with dangerous reactions. A device to track and 
record the motion of the left ventricular border in the intact patient 
has been designed. The method called “‘heart tracking" (radarkymog- 
raphy) involves the use of electronic "track-while-scan-techniques" 
applied to video signals of the heart obtained from a portable fluoro- 
scope image intensifier. This report describes the correlation in ani- 
mals of data from the heart tracker with commonly accepted indexes 
of ventricular contractility. In addition, several preliminary clinical 
studies are presented. 


Methods 


The heart tracker is a device designed to record the instantaneous 
changes in the horizontal dimension of the heart and great vessels without 
the injection of contrast material. The details of the electronic circuitry 
have been described previously and are discussed only briefly in this report.1.2 
Video signals of the cardiac silhouette, obtained from a portable fluoro- 
scope image intensifier with a television camera (Phillips BV-20S image in- 
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FIGURE 1. Diagrammatic representation of the 
system used for obtaining heart tracking signals. 
The subject lies in a radiolucent bed while record- 
ings of the cardiac silhouette are obtained with a 
portable fluoroscope and television camera. The 
video signals are transmitted to the monitoring 
room where they are recorded and processed with 
the superimposed heart tracker cursor. An analog 
signal is produced that is proportional to the hori- 
zontal displacement of the heart and is recorded 
ona strip recorder. 


tensification unit with plumbicon tube), are recorded on a 
high fidelity tape recorder (Sony P-V-120 video tape re- 
corder) (Fig. 1). At a later time away from the subject, 
the television tape is replayed onto a video monitor elec- 
tronically connected to the heart tracker. The change in 
density at the interface of the cardiac border and lung is 
carried in the video circuit as a change in voltage. This 
television signal is then differentiated and conditioned so 
that the transition from dark to light is represented as a 
voltage peak. The locus of this peak is followed by “‘track- 
while-scan" closed loops by manipulating a hand-operated 
control that positions a curvilinear electronic cursor with 
a radius that has been altered to fit accurately the bor- 
der of the left ventricle (Fig. 2). When the cursor is posi- 
tioned over the desired portion of the heart, the tracker is 
switched to automatic mode and the cursor automatically 
follows the edge of the heart. Horizontal cardiac motion 
causes loop motion which in turn produces an analog volt- 
age proportional to the displacement of the heart. 

Animal studies: Fourteen mongrel dogs, weighing 18 to 
22 kg and anesthetized with sodium pentobarbital (30 
mg/kg body weight), were used. Ventilation was con- 
troled by a fixed volume respirator. The animals were 
prepared with an ascending aortic flow probe (no. 610 
flowmeter and probe, Biotronex, Silver Springs, Md.), 
electrocardiographic electrodes, a left ventricular Walton- 
Brodie strain gauge arch? and an indwelling left ventricu- 
lar catheter. Ventricular pacing wires were placed after 
preliminary ligation of the bundle of His. These probes 
and catheters were connected to transducers (Statham 
p23h for pressure recordings) and then by suitable elec- 
tronic interfaces to an Electronics for Medicine DR8 pho- 
tographic recorder so that all the primary physiologic sig- 
nals could be simultaneously visualized. The analog sig- 
nals and the fluoroscopic image were transmitted over 
shielded cables to the monitoring room where they were 
processed through a frequency modulator (Vetter 3 FM 
recording adapter, A.R. Vetter Co., Rebersburg, Pa.) 
which converted the analog voltages to multiplexed FM 
tones which could then be recorded on the audio track of 
the video tape recorder. Thus, all of the signals superim- 
posed on the fluoroscopic image were available for real 
time analysis on playback of the tape. 

All the physiologic variables described were recorded 
during the basal state and after the contractile state of 
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the heart was altered by various doses of propranolol (2 to 
7 mg) and isoproterenol (1 to 30 ug/min). Throughout 
each experiment, the heart was continuously paced at a 
rate of 100 to 120 beats/min. In several additional experi- 
ments, the heart rate was altered in 20 unit increments 
from 50 to 250 beats/min. At the termination of each se- 
quence within the study, a lead-scaled centimeter ruler 
was placed at a position occupied by the mid-ventricular 
frontal border of the heart to correct for changes in X-ray 
magnification between sequences. To avoid diaphragmatic 
interference each sequence was obtained with the animal 
in full inspiration and had a duration of 6 to 10 seconds. 

At a later time, the video tape was replayed, and the 
left ventricular border from the atrioventricular groove to 
the apex was tracked on a monitor with the superimposed 
heart tracker curved-cursor (Fig. 2). The original analog 
physiologic signals and the analog signal obtained from 
the heart tracker were then simultaneously recorded and 
fed into an ink-writing recorder for visual analysis and 
into a tape recorder for computer analysis. The National 
Institutes of Health hybrid computer facility was used to 





FIGURE 2. Photograph of the cardiac silhouette obtained from 
the video monitor with the curvilinear electronic cursors in place 
during a tracking sequence in the dog. 
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develop a program that accomplished analog to digital 
conversion and, after suitable mathematical manipula- 
tion, provided a written record of the heart rate, cardiac 
cutput, stroke volume, peak aortic flow velocity, left ven- 
tricular pressure, the first derivative of left ventricular 
pressure ([dP/dt]max), strain gauge arch displacement 
and the displacement and velocity of the tracking wave 
signal. The tracking wave index was empirically derived 
from a product of the tracking wave height and slope. The 
tracker was calibrated by a constant voltage signal using 
the image of the lead ruler to compensate for changes in 
scale factors. Analog data were low-pass filtered at 50 cy- 
cles/sec and digitized at 200 samples/sec; pattern recogni- 
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FIGURE 3. Diagrammatic representation of the 
method employed in analyzing the tracking wave. 
During diastolic filling, there is outward movement 
of the heart border resulting in an upward deflec- 
tion (left). Isovolumic contraction contributes to a 
further upward deflection (middle). Ventricular 
ejection results in a downward deflection (right). 


tion techniques were used to detect points of interest and 
were programmed in the Fortran IV system. 

Clinical studies: These were performed in five patients 
at the University of Illinois Medical Center after open 
heart surgery for acquired valvular heart disease. The pri- 
mary objective in these preliminary studies was to deter- 
mine the stability of the tracking wave index over an ex- 
tended period of time. Studies were performed at 10 to 15 
minute intervals. In addition, heart rate, electrocardio- 
gram and peripheral arterial blood pressure were simulta- 
neously measured on a Brush 440 direct-writing recorder. 
Respirations were controlled with a volume respirator 
throughout the course of the study. 


FIGURE 4. Simultaneous primary data signals ob- 
tained from a dog during the control period (left), 
after receiving 5 mg of propranolol (middle) and 
after receiving an infusion of 12 ug/min of isopro- 
terenol (right). Delay of the tracking wave signal is 
secondary to the electronics of the tracking and 
recording system. CPIP — common peak isovolu- 
metric pressure; dp/dt = first derivative of left 
ventricular pressure; LVP = left ventricular pres- 
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FIGURE 5. Correlation of the 
tracking wave index in the dog with 
(A) the first derivative of left ven- 
tricular pressure (LV dp/dt max); 
(B) maximal aortic flow velocity; 
(C) left ventricular strain gauge 
arch displacement; and (D) LV 
dp/dt max/CPIP (common peak 
isovolumetric pressure). 
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Results 
Animal Studies 
At the onset of contraction, the ventricular cir- 
cumference increases during the isovolumetric peri- 
od, resulting in an outward motion of the heart bor- 
` der which is recorded as an upward deflection by the 
heart tracker (Fig. 3). With the onset of ventricular 
ejection and emptying of the cardiac chamber there 
is inward motion of the heart border recorded as a 
downward deflection of the tracking wave. Early dia- 
stolic filling of the ventricle results in a gradual out- 
ward movement of the heart border. Because of me- 
chanical and electrical delays in the recording sys- 
tems during reproduction, the tracking wave appears 
to follow the left ventricular pressure contour (Fig. 
4). As the state of myocardial contractility was var- 
ied with infusions of either propranolol or isoprotere- 
nol, the tracking wave index correlated significantly 
with left ventricular dP/dt max (r 0.90, 
P <0.001), left ventricular strain gauge displacement 
(r = 0.95, P <0.001) and peak aortic flow velocity 
-(r = 0.92, P <0.001) (Fig. 5, A to C.) Left ventricular 
end-diastolic pressure and aortic diastolic pressure 
did not vary significantly with isoproterenol infu- 
sions below 20 ug/min. The tracking wave index also 
correlated with the value for left ventricular dP/dt 
max/common peak isovolumetric developed pressure 
(r = 0.89, P «0.001), an expression of contractility 
that is presumably free of afterload effects* (Fig. 
5D). 
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Alterations of the heart rate by ventricular pacing 
within the range of 65 to 180 beats/min had a mini- 
mal effect on the tracking wave signal (Fig. 6). 
Above 180 beats/min, the tracking signal would not 
accurately follow the movement of the cardiac bor- 
der. 


Clinical Studies 


Within 12 hours after replacement of cardiac 
valves with prostheses, three patients without heart 
failure were studied to determine the video levels re- 
quired and the stability of the electronic circuitry. 
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FIGURE 6. Animal experiment illustrating the effect of varying 
heart rate by ventricular pacing on the tracking wave index. LV 
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During these studies a qualitative determination of 
left ventricular wall motion was made. Three addi- 
tional postoperative patients without heart failure 
were studied over a 2 hour period with simultaneous 
recording of central aortic blood pressure and the 
electrocardiogram. Analog signals for these physio- 
logic variables were easily recorded on video tape, as 
in the animal experiments, and could be played back 
without distortion of the signal. There was no signifi- 
cant change in the tracking wave index over the 2 
hour study period in these three patients with a sta- 
ble condition. 
Discussion 

The motion of the left ventricular border of the 
heart is produced by changes in cardiac volume, 
mass, myocardial fiber contraction and the retro- 
grade transmission of vibrations from the great ves- 
sels associated with acceleration and deceleration of 
blood flow. Significant shifts in the position of the 
heart secondary to diaphragmatic motion are elimi- 
nated by obtaining all studies with the patient or 
animal in full inspiration. Other investigators have 
shown that in the dog the left ventricular circumfer- 
ence increases during isovolumetric contraction be- 
cause the external vertical length of the left ventricle 
shortens as the heart assumes a spherical shape.5-6 
Left ventricular strain gauge arch displacement and 
the first derivative of left ventricular pressure (dP/ 
dt) are maximal during isovolumetric contraction 
before the aortic valve opens.7 Since the tracking 
wave index is a function of the outward displace- 
ment of the left ventricular border during isovolume- 
tric contraction and can be correlated to maximal 
left ventricular dP/dt and strain gauge arch dis- 
placement, the tracking wave index may then possi- 
bly be considered to be an index of contractility in 
the same sense that maximal left ventricular dP/dt 
is thought to reflect this state. Nevertheless, maxi- 
mal left ventricular dP/dt is altered by changes in 
heart rate, preload and afterload.‘ In this animal ex- 
periment only heart rate was controlled. However, 
examination of the tracings revealed minimal 
changes in left ventricular end-diastolic pressure 
(preload) and aortic diastolic pressure (afterload). 
Since the maximal intrinsic velocity of the contrac- 
tile element (Vmax) is not altered by variations in 
preload or afterload it would be ideal to correlate al- 
terations in Vmax to the tracking wave index. How- 
ever, ventricular volume, wall thickness and circum- 
ference are necessary for this calculation, and in this 
experiment the injection of contrast material to ob- 
tain volumes would interfere with determination by 


the electronic cursor of the lateral edge of the ven- 
tricular wall. 

Comparison with other noninvasive techniques: 
Ballistocardiography,? apex cardiography,!? thoracic 
impedance cardiography,!! echocardiography!2 13 
and determination of systolic time intervals!4 are 
noninvasive methods of measuring myocardial con- 
tractility that have been evaluated in recent years. 
However, all of these studies were short-term experi- 
ments conducted during cardiac catheterization, and 
no effort was made to monitor patients over extend- 
ed periods of time. In other studies the changing di- 
mensions and motions of the heart have been mea- 
sured by employing epicardial markers.15 Although 
the analysis of the data is performed in a noninva- 
sive manner, open thoracotomy is necessary for the 
application of these techniques. 

Roentgenkymography was an early attempt at 
quantifying the motion of the heart border.16 How- 
ever, the method lacked precision, since the position 
of the heart borders could be displayed only at ran- 
dom points throughout the cardiac cycle. The 
electrokymograph depends on the variations in light 
intensity caused by cardiac motion converted 
through a photomultiplier into an analog signal. 
However, because of light scatter, the system is not 
linear.!? In contrast, the heart tracker is linear in all 
but the most peripheral portions of the television 
screen, and its analog signals are reproducible 
throughout the cardiac cycle. Kazamias et al.18 have 
used a dual channel video heart tracker to record 
continuously the transverse cardiac dimension from 
the spine to the cardiac apex in the frontal plane and 
have been able to correlate their measurements with 
left ventricular volume.!5 In addition, these investi- 
gators have used the heart tracker to study serially 
ventricular wall motion disorders in patients with 
coronary artery disease.19 

Applications: Heart tracking can be utilized only 
when there is a video distinction (black to white) be- 
tween the ventricular wall and the lung. Thus, peri- 
cardial and pleural effusions, diaphragmatic motion 
and the presence of radiopaque chest tubes adjacent 
to the ventricle prohibit the use of the heart tracker. 
Nevertheless, since all recordings are placed on video 
tape, repeated studies of motion of the heart border 
can be performed without additional radiation haz- 
ard to the patient. Heart tracking appears to provide 
a simple, noninvasive method of quantifying alter- 
ations of myocardial contractility in the intact ani- 
mal, and preliminary studies indicate it may have 
applicability in man. 
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A new methoc for the quantification of velocity of movement of sin- 
gle muscle cells in culture is described. The method involves televi- 
sion monitoring of microscope images and video analysis to yield 
data in chart form. Recorder printout is linearly related to distance of 
cell movement. Two new modifications of techniques for measuring 
the number of muscle cell movements are also described. These in- 
clude television video analysis and a light-sensitive field effect tran- 
sistor (Photo-fet). Application of both techniques to the measure- 
ment of contractions of single beating heart cells is shown, and the 
chronotropic effect of norepinephrine is monitored with increasing 
concentrations of the drug. Application of video analysis to the ino- 
tropic effect of the same drug also is studied, and quantitative data 
for velocity of contraction and relaxation are determined in microns 
per second. 


Photoelectric recording of muscle cell contractions in vitro was first 
described in 1957 by Bucher,! who developed a technique based on 
interference with a light beam by the moving edge of a contracting 
heart cell. A phototube was used to measure differences in light 
beam intensity. Okarma and Kalman? projected muscle cell tmages 
onto a screen and used photoresistors to monitor the moving edge of 
contracting cells. Recently, Boder et al. described a system using a 
photodiode in a microscope sidearm which was focused near the edge 
of the contracting cell. This report describes two new sensitive tech- 
niques for the assessment of motion by cells in surface culture, and 
the application of these techniques to measurement of the rate and 
velocity of contraction by individual heart muscle cells. 

The two techniques described here for measurement of cell motion 
are (1) a light-sensitive field effect transistor (Photo-fet), a simple 
technique for rapid routine assay; and (2) television monitoring cou- 
pled with video analysis. This latter technique was developed to rec- 
ord not only the rates of contraction of several cells simultaneously, 
but also the velocities of contraction and of relaxation. Video record- 
ing of cell contractions allowed replay and subsequent video analysis. 
Contiguous tracks recorded the experimental conditions and stimuli. 


Materials and Methods 


Heart Cell Culture 


Single cells were obtained from mouse embryos (A/Heston), 18 to 20 days 
of gestation, by incubation of minced heart tissue in a solution containing 
0.25 percent trypsin as described by Wilson et al.* Cells were plated in mi- 
crowells (Falcon no. 3040, area 0.283 cm?) at a concentration of 1,000 cells 
per well. Each well contained 0.2 ml of growth medium (Ham's F-12 [Gibco] 
supplemented with 10 percent fetal calf serum [Colorado Serum Co.], 50 
units/ml potassium penicillin, and 10 ug/ml streptomycin sulfate). Medi- 
um was changed every second day. Incubation was at 37 C in humidified 95 
percent air, 5 percent carbon dioxide. Seven percent of dissociated heart 
cells cultured for 48 hours were capable of dividing. Approximately 50 per- 
cent of the cells plated were contracting rhythmically. Syncytia of beating 
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FIGURE 1. Diagram of the apparatus for measurement of con- 
tractions of muscle cells. 


cells were maintained in primary culture for periods ex- 
ceeding 1 month. 


Assay Procedure 


Growth medium was removed and cells were gently 
washed three times with 0.2 ml of Hepes buffered saline 
solution (137 mM sodium chloride, 2.7 mM potassium 
chloride, 0.9 mM calcium chloride, 0.6 mM magnesium 
chloride, 20 mM Hepes, sodium salt, pH 7.3, 25 mM glu- 
cose; 300 mOsmolar) at 37 C. For observation of contrac- 
tions 0.2 ml of Hepes buffered saline solution was added 
per well. With prolonged observation, mineral oil was 
layered over Hepes buffered saline solution to prevent 
evaporation. L-norepinephrine bitartrate (Sigma, A grade) 
was kept as a 10 mM stock solution in 1 mM hydrogen 
chloride at —20 C. 

Cells were examined at 37 C with use of a Zeiss invert- 
ed phase microscope with a stage heater. An adjustable 
mirror was positioned in the microscope in order to view 
contractions with television and Photo-fet simultaneously. 
Overall magnification with a X40 objective was X3,500 on 
the television monitor. 


Apparatus 


The apparatus used to evaluate cell contractions is 
shown in Figure 1. Cell motion was monitored by the 
Photo-fet or the television system, or both simultaneously. 
Under the conditions employed, the minimal cell motions 
detected were 0.3 u and 0.2 u for the television and Photo- 
fet techniques, respectively. For the television technique 
this corresponded to a motion of 1 mm on the television 
monitor and of 8 mm on the recorder paper. 

Photo-fet: The light sensitive field effect transistor 
(Photo-fet, Crystalonics, Inc., Cambridge, Mass. FF-102) 
was powered by a 9 volt battery. The bias voltage was ad- 
justed to give a drain current of 0.5 ma for various light 
levels. The output was coupled to a strip chart recorder 
through a band pass amplifier which was 3 decibels down 
at 0.1 and 10 Hz. A 60 Hz tungsten light source was used. 
To follow a single cell, only the central portion (approxi- 
mately 1/15 the diameter) of the field of view was moni- 
tored. The cell edge was positioned so that with contrac- 
tion (Fig. 2A) it moved in and out of the central area as 
shown in Fig. 2B. For recording more than one cell simul- 
taneously, images were projected on a screen or a televi- 
sion monitor, and multiple units were positioned appro- 
priately. It was sometimes neces move the phase 
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Television: The basic system consisted of a television 
camera (Philips Norelco type MP) with a Plumbicon 
image tube, a 1 inch video tape recorder (Sony EV 320), a 
monitor (Conrac Model CKD-14), and the video analyzer. 

The pulse monitor output of the constant current source 
was mixed resistively with the output of a microphone so 
that voice log and precise stimulus timing could also be 
recorded on one audio channel. The output of this channel 
was fed to an audio amplifier and speaker for recovery of 
the voice log, and simultaneously fed to the recorder 
(Brush, Mark 260) where the stimulus pulse was charted. 
A time and event code generator (Systron-Donner Model 
8150) provided binary coded decimal information which 
was recorded on the second audio channel as an additional 
marker to video events. 

In order to obtain data in analog form, television video 
signals were analyzed by three methods: (1) video density, 
(2) variable area, and (3) video tracking. Each method 
was used in applications to which it was best suited. Rea- 
sons for the choice of one method over another are de- 
scribed later. For all three systems, X and Y positioned 
gates were generated electronically and displayed on a 
monitor screen along with the televised microscope image. 
These gates were independently adjustable in both posi- 
tion and size. They performed the same function as an iris 
diaphragm in localizing the measurements to a specific 
area of interest. 

For analysis by the video density method, the amount 
of light transmitted in the gated area was measured for 
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FIGURE 2. Illustration of relation between gate size and move- 
ment of the edge of a heart cell with contraction (A) in the four 
methods: (B) Photo-fet, (C) video density, (D) variable area, 
and (E) video tracker. 
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FIGURE 3. Simultaneous measurement of the rate of contrac- 
tion of a single heart cell by the four methods in Figure 2. The 
heart cell had been in culture for 4 days. 
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FIGURE 4. Effect of norepinephrine on the rate of contraction of 
a single heart cell. Measurement of rate was performed by the 
variable area method. Heart cells had been in culture for 5 
days. 


each video field and a proportionate analog voltage was 
generated. Zero suppression was employed so that small 
changes could be monitored on a direct-current basis. 
Gate position relative to cell edge is illustrated in Figure 
2C. 

In the variable area method a particular level of video 
density was selected, and the area above the selected level 
was converted to an analog voltage. With succeeding 
fields, as more video signals came above the selected den- 
sity level, there was an increase in area above this level. 
The high gain of the level comparator and its large output 
signal gave a very stable reading. Gate positioning is illus- 
trated in Fig. 2D. 

Video tracking is more complex than the other two 
methods but offers advantages with poorly defined im- 
ages. It was normally used only for motions along the X 
axis of the television frame caused by the geometry of the 
scan. Rotation of either the yoke coils or the camera was 
thus required. The video signal was first differentiated 
electronically, yielding pulses at places of change in light 
level. A set of pulses was then selected with a split gate 
discriminator. If the pulses moved to the right, a positive 
voltage was obtained from the discriminator. This voltage 
was then filtered and used to reposition the gate to the 
right. The voltage of the gate position was proportional to 
the position of the gate and hence the location of the edge 
of the cell (Fig. 2E). 


Results 


Heart Cell Contraction Rate 


The number of contractions of a single cultured 
heart cell per minute was determined by the Photo- 
fet (Fig. 3A) and the three methods of video analy- 
sis: video density (Fig. 3B), variable area (Fig. 3C) 
and video tracking (Fig. 3D). Each method was ap- 
plied simultaneously to the same cell. It may be seen 
that contractions monitored by each of the four 
methods resulted in at least a seven-fold pen excur- 
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FIGURE 5. Relation between concentration of L-norepinephrine 
and the rate of contraction of the heart cell studied in Figure 4. 
Conditions were as described in Figure 4. 


164 August 1973 The American Journal of CARDIOLOGY Volume 32 


MEASUREMENT OF HEART CELL MOVEMENT—THOMPSON ET AL. 


A. 
= = 
o o 
SE 
aes 
— [js * 
B 
C 
SECONDS 


Eulal—— 2 4: pao See oe | 
[6] 0.5 | 


FIGURE 6. Measurement of the velocity of movement of the 
edge of a contracting heart cell. Three successive contraction- 
relaxation cycles (A, B and C) of a single heart cell were moni- 
tored by the variable area method. Upward displacement of re- 
corder pen (4 cm) corresponds to cell motion (contraction) of 
1.4 u. Heart cell had been in culture for 4 days. 


sion from their respective base lines. These data 
show that the same rate of contraction was obtained 
using each method, and the results agree with those 
obtained by direct visual observation. 

The effect of L-norepinephrine on heart cells in 
culture was assessed. Application of the variable 
area method to determine the effect of norepineph- 
rine on the rate of contraction of a single cell is 
shown in Figure 4. The rate of contraction was deter- 
mined before and for 120 seconds after the addition 
of 5 X 10-* M L-norepinephrine. The rate of con- 
traction increased rapidly after addition of the drug 


TABLE | 


Effect of L-Norepinephrine on Velocity of Movement 
of the Edge of a Single Heart Cell 


With Without 
Norepi- Norepi- 
Phase nephrine nephrine* 
Contraction 10 15 
Relaxation 2 6 


* Final concentration 1 X 10-* M L-norepinephrine. The rate 
of contraction was 0.6 contraction/sec without norepinephrine, 
and 1.0 contraction/sec with norepinephrine. 
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FIGURE 7. Effect of 1 X 10-5 M L-norepinephrine on velocity 


of movement of the edge of a contracting heart cell. Conditions 
were as described in Figure 6. 


and then was constant (within + 20 percent) over 
the following 60 seconds. 

'The effect of increasing concentrations of L-nor- 
epinephrine on the rate of contraction of a cultured 
heart cell is shown in Figure 5. The data represent 
averages over a 60 second interval. A 200 percent in- 
crease in the rate of contraction was found in the 
presence of 5 X 10-7 M L-norepinephrine. The rate 
increased 350 percent in the presence of 5 X 10-8 M 
L-norepinephrine. The addition of hydrogen chlo- 
ride, from 1 x 10-? M to 1 X 10-? M, did not affect 
the rate of contraction significantly. 


Heart Cell Contraction Velocity 


The velocity of movement of the edge of a cell dur- 
ing contraction or relaxation can be determined by 
the video tracking or variable area methods. With 
both methods the vertical movement of the chart re- 
corder pen is proportional to the movement of the 
cell edge. Three successive contractions of a single 
heart cell, monitored by the variable area method, 
are shown in Figure 6, A to C. The cell edge moved 
1.4 y, resulting in a pen displacement of 4 cm. Thus 
the linear magnification of the movement was 
30,000-fold. 

The effect of 1 x 10-5 M L-norepinephrine is seen 
by comparison of representative contractions in the 
absence and presence of the drug (Fig. 7). Results 
summarized in Table I are from the average of 10 
contractions in the absence and presence of 1 X 10-5 
M norepinephrine. They show that addition of nor- 
epinephrine increased the velocities of contraction 
and relaxation 150 and 300 percent, respectively. 


Discussion 


The rate of contraction of single cultured heart 
cells and the velocity of contraction and expansion of 
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the cell diameter can be determined by television 
video analysis. The Photo-fet method is an excellent 
and inexpensive method for measuring the number 
of contractions but does not yield quantitative data 
on the velocity of contraction and expansion of the 
cell diameter. Television has the advantages of si- 
multaneously recording many cells or groups of cells 
and of recording the experimental conditions on 
audio channels of the same tape. With television 
tape playback, cells can be analyzed in small groups, 
and optimal signal to noise ratio may be achieved. 
The television system may be compared to an 
array of photometers, each having its own X and Y 
coordinates. During scanning, the analog voltages 
from the photometers may be processed by any of 
the three methods described. The video density 
method is most like the Photo-fet technique in that 
both measure the amount of light transmitted in the 
gate. The variable area and the video tracker meth- 
ods give detailed information on position as a func- 
tion of time, thus permitting the measurement of ve- 
locity and acceleration. The video tracker is easily 
ealibrated in microns, and regardless of position in 
the television frame, this calibration remains the 
same for a given overall magnification. The rates of 
cell contraction and relaxation, that is, inotropic ef- 
fects, as well as the conventional chronotropic ef- 
fects, are easily measured with optical rather than 
mechanical attachments. The variable area method 


is perhaps easier to use, but the video tracker meth- 
od is better suited to movements along the X axis. 
The variable area method approximates densitome- 
try with direct current suppression, and thus allows 
subtle movements to be followed. 

The Photo-fet is well suited for monitoring cell 
motion because its spectral character matches the 
tungsten light source; it has a small photo cathode 
and is economical for multiple installations. Removal 
of the phase ring increases the light level monitored 
by the Photo-fet. Additionally, the phase optics ar- 
rangement differentiates the image, thus reducing 
the net change in light level as a function of cell mo- 
tion. 

Implications: With these new techniques, it will 
be possible to make quantitative evaluations of the 
effects of various cardioactive agents at the cellular 
level. The junction between nerve and muscle cells 
in mixed culture can be evaluated from the inotropic 
effects of released catechols. The technique may be 
useful in conjunction with time lapse cinematogra- 
phy for measurement of cell migration and rate of 
cell process outgrowth. Essentially any cell motion 
visualized by microscopy can be quantitatively re- 
corded. 
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Two types of videoscintiscopes for performing radioisotopic angio- 
cardiography with a scintillation camera are described, and use of 
these instruments in performing clinical studies is illustrated. Radio- 
nuclide angiocardiography is a simple, quick and accurate procedure 
recommended as a screening test for patients with a variety of con- 
genital and acquired cardiovascular lesions. When performed in con- 
junction with coronary arterial catheterization, dynamic radionuclide 
angiography may provide useful information about regional myocar- 
dial perfusion. Quantitative capabilities greatly enhance the potential 
of this diagnostic tool. 


With the advent of the scintillation camera in 19631 it became possi- 
ble to use radionuclides to study dynamic events occurring in a se- 
lected region of the body. The development of the short-lived radio- 
pharmaceutical agent ?9" technetium-pertechnetate? was a powerful 
additional stimulus to such studies because it enabled the physician 
to administer a relatively large dose of radioactivity (up to 10 mCi 
in an adult) while subjecting the patient to minimal radiation haz- 
ard. The resulting high signal rate made it possible to obtain with 
the camera statistically significant information in a matter of a sec- 
ond or less. Study of the movement of an intravenously administered 
radioactive bolus through the heart was among the first of such dy- 
namic studies to be performed. These early studies were made with- 
out benefit of recording apparatus.? Rapid manual pulling of scinti- 
photographic film proved to be cumbersome and imprecise. Further- 
more, the information continuously generated on the oscilloscope 
was irretrievably lost so that later reexamination of the data was im- 
possible. 

Thus, a method was needed for quickly and accurately obtaining 
multiple images of good quality from a single study, over any inter- 
val chosen after completion of the study, without losing information 
during changing of the film. Intervals ranging from as short as 0.1 
second to as long as 30 seconds, or images corresponding to overlap- 
ping intervals, might be desired. Important additional requirements 
were that (1) modifications made to the existing system should not 
prevent or compromise routine use of the camera; (2) the modifica- 
tions should be relatively inexpensive and the system simple to oper- 
ate; (3) during the generation of scintiphotographs, the camera 
should be usable for other patient procedures, and (4) it should be 
possible to make later modifications that would permit serial or con- 
tinuous quantitative measurements of radioactivity in selected areas 
of interest. In 1969 Kriss et al.* described a system, the variable 
time-lapse videoscintiscope, that adapted the scintillation camera for 
these purposes. In a series of subsequent reports from our laboratory, 
the diagnostic capability of the variable time-lapse videoscintiscope 
in performing intravenous radioisotopic angiocardiography has been 
described in a wide variety of cardiac disorders, including pericardial 
effusion,® superior vena caval obstruction,9 right ventricular tumor,” 
mitral stenosis or insufficiency, or both,® sinus of Valsalva aneu- 
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FIGURE 1. Vertical mounting of television camera on housing of 
accessory cathode ray tube of the scintillation camera. The 45° 
mirror is in position in front of the cathode ray tube. In opera- 
tion, the light shield shown on the console desk is fitted on the 
housing to complete a light-tight box containing the cathode ray 
tube and the mirror. 


rysm,? aneurysms of the left ventricle and aorta!? and 
septal defects and other congenital disorders.10.11 
Experience with additional patients, including many 
with other diseases of the heart and great vessels, 
availability of surgical confirmation and the oppor- 
tunity to perform serial postoperative studies!? have 
reinforced the early favorable impressions of the 
diagnostic power, accuracy and simplicity of the 
method. Clinical experience plus technical improve- 
ments have made it possible to define diagnostic 
criteria in special disease states and to improve 
diagnostic acumen.19 


Instrumentation for Variable Time-Lapse 
Videoscintigraphy 


The components of the variable time-lapse videoscinti- 
scope system are shown in Figures 1 and 2. A television 
camera (Diamond ST-2, Diamond Power Co, Lancaster, 
Ohio) is mounted to view the face of the auxiliary cathode 
ray tube of the scintillation camera (Pho-Gamma III, Nu- 
clear Chicago, Inc.). In order to conserve working space 
and to preserve maximal use of the auxiliary cathode ray 
tube for routine purposes such as positioning patients for 
static studies of the liver, lung or brain, the camera is 
mounted vertically and “sees” images reflected from the 
cathode ray tube by a hinged mirror at an angle of 45? 
(Fig. 1). A three-sided metal shield is then fitted into 
place before recording the study to insure light-tight oper- 
ation. The video signals from the camera and an audio 
“beep” signal are recorded on tape (audio-videotape re- 
corder, VR-7000, Ampex Corp., Elk Grove, Ill.) (Fig. 2). 
The audio signal activates an interval timer (model P4, 


Post Electronic Products, Inc., Beverly, Mass.) that after 
a selected interval as short as 1/60 second to as long as 
16.7 seconds triggers an exposure timer (model P3, Post 
Electronics Products, Inc.) (Fig. 2). Vertical synchronizing 
signals from a television monitor (Conrac RNEA-9, Gian- 
nini Corp., Glendora, Calif.) regulate the interval timer to 
insure precise matching of the video image with actual 
elapsed time. When the preset time of the interval timer 
has elapsed, the exposure timer is activated and simulta- 
neously the television monitor screen is illuminated. The 
screen remains illuminated only during the interval prese- 
lected on the exposure timer (as short as 1/60 second to as 
long as 16.7 seconds]. The image on the screen is photo- 
graphed by a Polaroid camera (model 180, fitted with 
closeup lens 593 and delayed cable release 191) on a hinged 
mount that is light-tight when fixed in photographing po- 
sition (Fig. 2). Brightness and contrast controls on the 
monitor let the viewer choose the optimal optical condi- 
tions for obtaining photographic images. The photographs 
can be trimmed and mounted in a desired sequence for 
further study and analysis. The cost of the system, includ- 
ing components and salaries for development and installa- 
tion, was slightly more than $9,000. 

Essential capabilities of the system: These are illus- 
trated in the frames of Figure 3. Using a 1-mCi source of 
98™Te-pertechnetate in a 1 ml syringe and recording with 
the use of defocused light dots, the syringe was used as a 
pencil to *sky-write" the name “Joe” across the face of 
the detecting head of the camera (fitted with a 4,000 hole, 
straight-bore, multichannel collimator especially designed 
for low-energy gamma rays). The six frames show photo- 
graphs obtained by making exposures at different inter- 
vals. Times of exposure in seconds are shown above each 
frame. For example, the letter J was recorded during the 
3.5 to 8.7 second interval. Ás shown in the remaining 
upper frames, the letters o and e were added in sequence 
by ending the exposures at 10.7 and 14.0 seconds, respec- 
tively. Deletions of early sections of a study are illustrated 
in the fourth frame, which shows only the letter e, accom- 
plished by not activating the screen until after 10.7 sec- 
onds had elapsed. Deletions of middle portions of a study 





FIGURE 2. From left to right: The additional parts of the vari- 
able time-lapse videoscintiscope system include a tape record- 
er, "beep" signal, television monitor fitted with light-tight box 
with mounted Polaroid camera, exposure timer (top right) and 
interval timer (bottom right). 
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10.7-14.0 


FIGURE 3. Time-lapse scintiphotographs 
exposed after recording of rapid motion in 
front of detector of 1 mCi source of ?9?mTc- 
pertechnetate in 1 ml syringe. 


are illustrated in the fifth frame, which shows J e, record- 
ed by exposing the first and last portions and not photo- 
graphing between 8.7 and 10.7 seconds. The final frame 
shows that one can enhance or diminish any portion of the 
record by adjusting the aperture of the Polaroid camera at 
the appropriate time. Thus the letter o was accentuated 
by opening the aperture slightly when the o was being 
photographed (8.7 to 10.7 seconds) and by closing the ap- 
erture slightly during the remainder of the study. The ca- 
pability of enhancing selected portions of a study is of 
special importance when the borders of a region of activity 
are blurred due to adjacent or superimposed activity re- 
corded earlier or later (compare with the letter o shown in 
frame 3). 


Use of Area-of-Interest Video Scintillation 
Counters 


Soon after the variable time-lapse videoscintiscope 
was assembled and tested, components were added 
that enabled us to obtain quantitative information 
from two selected areas of interest simultaneously. 
These components consist of dual video scintillation 
counters (Model BL-672, Biotronex Laboratory, Inc., 
Silver Spring, Md.) and a dual strip chart recorder 
(Servoriter II, Texas Instruments, Houston, Texas) 
and enable the operator of the system to place 
two sets of paired vertical cursors on the television 
screen after completion of study and on playback to 
generate on the strip-recorder the count rates only 
from the rectangular areas defined between each set 
of parallel cursors. Controls on the video scintillation 
counters permit one to vary the length of each cursor 
bar, the width between a cursor pair and their gener- 
al position on the screen. Thus, one can obtain ana- 
log time-activity curves over different portions of the 





heart as the radioactive bolus traverses the cardiac 
chambers. This added quantitative feature, while 
providing very useful information, has proved some- 
what cumbersome in practice because of (1) the re- 
striction to a rectangular format and vertical posi- 
tion, (2) the few areas that can be studied simulta- 
neously, (3) difficulty in standardization, and (4) 





FIGURE 4. Control unit of rotating memory videoscintiscope, 
showing at the left the frame counter display (black rectangular 
area), summing dials, and switches for single frame movement, 
advance or reverse, summing, and display on-or-off. White cu- 
bical switches in center front control the play-back functions; 
the dark switches at right front control recording and monitoring 
functions. Dial at top right sets the frame rate and the dial 
below adjusts playback speed. 
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FIGURE 5. Normal radioisotopic angiocardiogram, anterior projection. In this and succeeding slides, time in seconds after injection is 
shown for each frame. A = aorta; LL = left lung; LV = left ventricle; PA = pulmonary artery; RA = right atrium; RL = right lung; RV 


= right ventricle; SVC = superior vena cava. 


lack of computational capability. Most workers in- 
terested in quantitative analysis of angiographic 
data prefer digital computer systems. These offer 
computational precision but are considerably more 
expensive and, in most instances, are associated with 
a much poorer quality of scintiphotographic image 
than can be generated with our analog system. 
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FIGURE 6. Recorded time-activity curves over the right atrium 
and right lung in the patient whose angiocardiogram is shown in 
Figure 5. The positions of the two sets of cursors are shown in 
the insert. The direction of the recording is from right to left. 
Each small scale division equals 1 mm. Note the quick entry 
and exit of the bolus through the right atrium and right lung with 
no evidence of recycling. 


Instrumentation for the Rotating Memory 
Videoscintiscope 


Recently I have cooperated in the development of 
a new analog system, the rotating memory videoscin- 
tiscope (Fig. 4) (VAS, Ltd., Burlingame, Calif.). This 
is a compact, versatile and easily operated device for 
recording and documenting dynamic events sensed 
by a scintillation camera. The X, Y and Z outputs of 
the camera are transformed into standard television 
format by a scan converter that provides electroni- 
cally controlled integration of the information before 
recording takes place. The video images are simulta- 
neously displayed on a television monitor and re- 
corded within a rotating memory that records the 
signals on a magnetic disc rotating at 3,600 revolu- 
tions/min. The recorder has a capacity of 570 im- 
ages. Controls enable adjustment of scintillation in- 
tensity, spot size, spot focusing and recording rate. 
The operator may vary the time for integration of 
scintillations from 0.1 to 5 seconds. Regardless of the 
rate of recording, no information is lost in the re- 
cording process. 

After a study has been recorded, it may be played 
into a television monitor as a series of rapidly or 
slowly displayed integrated images depending on the 
setting of a playback speed control. Depending on 
the rate of recording, the rate of playback can be 
varied over a continuous rate from “‘freeze’’ to 300X 
real time. Each image is identified with a displayed 
number, enabling ease of starting and stopping any 
desired sequence. Simple controls enable the opera- 
tor to advance or retreat one frame at a time. Any 
single image or sequence of images can be photo- 
graphed by a Polaroid camera bracketed to the tele- 
vision monitor. Summation controls permit the au- 
tomatic sequencing of any preselected series of im- 
ages while the film camera is exposed. This permits 
an integration of scintillation information over any 
desired portion of the study. 

If desired, the information in the memory may also 
be transferred to a tape recorder for long-term stor- 
age and further quantitative analysis of area-of-in- 
terest regions. After use, the images may be erased 
from the memory and new studies recorded over the 
same media. The recording head on the memory has 
an average life span of 500 hours and can be replaced 
at modest cost. 
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FIGURE 7. Radioisotopic angiocardiogram, 
anterior view, from a patient with an atrial 
septal defect. Note the prominent right atri- 
um in frames 1 to 3, early emptying of this 
chamber in frame 4 and refilling in frames 5 
and 6. The right atrium remains persistently 
visualized throughout the study (proved by 
composites, frames 10 and 11), and the left 
ventricular and aortic outflow tract are never 
clearly delineated. Frames 5 to 8 show 
“smudge” due to activity in the right and left 
heart chambers and lungs. 


The rotating memory videoscintiscope shares with 
the variable time-lapse videoscintiscope the impor- 
tant feature that playback and photographic func- 
tions are completely independent of the scintillation 
camera or its console. Thus, the camera and console 
may be used for other clinical work while a recorded 
study is being analyzed. The rotating memory vi- 
deoscintiscope possesses a number of noteworthy ad- 
vantages over the variable time-lapse videoscintis- 
cope. With the former instrument, one can select a 
desired portion of the record and sum successive 
frames more quickly; consequently, the speed of gen- 
erating images is greatly enhanced. A search for a 
specific frame may be made in either the forward or 
the backward mode. In addition, the playback may 
be slower or faster than real time (the latter feature 
is especially useful for studying slow dynamic 
events), and stop action for more detailed viewing is 
possible. Finally, information may be compressed by 
selection of long framing rates. The only disadvan- 
tage of the rotating memory videoscintiscope system 
is its limited storage capacity compared to the video 
tape system. 


Obtaining Radionuclide Angiocardiograms 


Positioning and injection techniques for perform- 
ing radionuclide angiography have been described in 
detail elsewhere. Many investigators recommend 
that the radioactive bolus be injected into the super- 
ior vena cava with use of an inlying catheter. The 
radiopharmaceutical employed is either 99™Tc-per- 
technetate or 99™Tc-albumin. The usual adult dose is 
5 to 10 mCi; that for children is 0.1 mCi/kg body 
weight. The times selected for exposing scintiphoto- 
graphs vary widely from case to case, and even in the 





same case. They are determined on an individual 
basis depending on the rate of passage of the bolus 
and the particular lesion one wishes to demonstrate. 
Indeed, this option for time interval selectivity is the 
essential feature of both the variable time-lapse vi- 
deoscintiscope and the rotating memory videoscintis- 
cope. Double exposures superimposing different car- 
diac phases on the same scintiphotograph are made 
routinely. In most instances, a high contrast setting 
on the television monitor is employed. This, plus the 
employment of a defocused light dot mode, tends to 
result in a diminished photographic representation of 
pulmonary radioactivity and a relative enhancement 
of activity in the heart and great vessels. The proce- 
dure is easy to perform, is accomplished with mini- 
mal discomfort and inconvenience, requires the pres- 
ence of the patient in the Nuclear Medicine unit 
only for a short period (10 to 30 minutes), and is not 
accompanied by any discernible immediate or de- 
layed toxic reactions. The reproducibility of the pro- 
cedure is excellent. 


Illustrative Examples 


The following brief descriptions, charts and photo- 
graphs illustrate the clinical use of the videoscinti- 
scopes. 

Normal:. A normal radionuclide angiocardiogram 
(anterior position) is shown in Figure 5. The patient 
had a cardiac murmur and the procedure had been 
requested to evaluate the possible presence of an 
atrial septal defect. The study showed no evidence of 
recycled activity in the right heart when the left 
heart filled (frame 4, Fig. 5). Quantitative studies of 
the record with the video scintillation cursor system 
(Fig. 6) yielded curves that also showed abrupt fill- 
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FIGURE 8. Recorded time-activity curves over the right atrium 
and right lung in the patient with an atrial septal defect whose 
angiocardiogram is shown in Figure 7. Recording conditions are 
the same as in Figure 6. Note the recycling peak of right atri- 
um, which occurs after the initial filling and emptying of the 
right lung, and the subsequent recycling peak of the right lung. 








FIGURE 9. Radioisotopic angiocardiograms, from a patient with 
a left ventricular aneurysm, preoperatively (top panel) and 1 
week postoperatively (bottom panel). Note the unusually large 
and irregularly shaped left ventricle, anterior view, apical aneu- 
rysm (frames 2 and 3, top panel) and postoperative change in 
left ventricular contour 


FIGURE 10. Radioisotopic coro- 
nary arterial perfusion study. Scin- 
tiphotographs were generated from 
the rotating memory videoscinti- 
scope. Time in seconds after injec- 
tion of radiopharmaceutical is indi- 
cated at the top of each vertical 
row. The artery injected and posi- 
tion of the patient are given at left. 
Composite views are shown below. 
Two mCi of 99"Tc.pertechnetate 
were given through the catheter for 
each of the four studies. The stud- 
ies show a persistent perfusion de- 
fect in the central-medial aspect of 
the left ventricle and diminished 
activity at the region of proximal 
left anterior descending artery (top 
row), diminished perfusion of the 
inferior apex (second row), abrupt 
cutoff of flow through right coro- 
nary (third row), and filling of an 
oblique branch of the right coro- 
nary (fourth row). The composite 
also shows the perfusion defects. 
The contrast coronary arteriogram 
showed the following: 80 percent 
occlusion of the left maim coronary 
artery, very narrow left anterior de- 
scending artery, occluded oblique 
branch, multiple branch vessel dis- 
ease and occluded right coronary 
artery. The left ventricular angio- 
gram showed generalized poor 
function. L = left coronary injection; 
LAO and RAO = left and right an- 
terior oblique positions, respective- 
ly; R = right coronary injection. 
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ing and emptying of the right atrium and the lung 
with no evidence of recycling into either region. 
Atrial septal defect: Figure 7 presents a scinti- 


photographic sequence typical of atrial septal defect. ' 


Particularly noteworthy is the revisualization of the 
right atrium (RA) in frame 5 after earlier passage of 
the bolus through that chamber (frames 1 to 4). 
Quantitative analysis of the same patient’s record 
revealed a reentry peak in the right atrium after ini- 
tial passage through the lung, and a second reentry 
pulmonary peak that followed the second right atrial 
peak. These findings are typical of a large atrial sep- 
tal defect (Fig. 8). 

Ventricular aneurysm: Figure 9 shows selected 
frames from a patient who was studied before and 1 
week after surgical removal of a ventricular aneu- 
rysm. Because isotopic angiocardiography is relative- 
ly atraumatic, we believe it may prove to be particu- 
larly useful in assessing qualitative and quantitative 
variables in the early postoperative period in selected 
subjects. 

Coronary arteriography: In our laboratory we are 
now using the rotating memory videoscintiscope de- 
scribed in this report in performing radioisotopic cor- 
onary arteriography, wherein radiopharmaceuticals 
are administered directly into a catheter. For safety 
and convenience in performing such studies the 
radioisotopic equipment should be in close proximity 
to the X-ray angiographic facility. We have made 
studies following the intracoronary injection of 
99m'T'ec-pertechnetate, ?9mT'c-albumin, or *?KCl. No 
untoward effects have been observed in any patient. 


FIGURE 11. Radioisotopic coro- 
nary arterial perfusion study per- 
formed by the same technique as 
in Figure 10. The radioisotopic 
study shows a large central, inferi- 
or and lateral perfusion defect of 
the left ventricle (top row), and 
flow through the right coronary ar- 
tery is mainly through oblique 
branches and nearly absent 
through the main right coronary ar- 
tery. Composites at bottom show 
striking defects in both the left and 
right anterior oblique views. The 
contrast angiogram showed 60 
percent narrowing of the proximal 
left anterior descending artery in- 
volving also a large diagonal 
branch, a tiny irregular circumflex 
artery, occluded marginals of the 
left coronary artery and 95 percent 
narrowing of the proximal right 
coronary artery. The left ventricular 
angiogram showed a hypokinetic 
inferior wall. The clinical diagnosis 
was impending myocardial infarc- 
tion. 


Particularly when 99™Tc-pertechnetate is used, one 
can study the myocardial perfusion patterns from 
each coronary artery in dynamic mode (Fig. 10, 11). 
In general, there has been excellent correlation be- 
tween the contrast arteriogram and the radioisotopic 
examination. However, the radionuclide study has 
frequently revealed perfusion defects not anticipated 
by the contrast study. This discrepancy is most often 
observed in the left ventricular apex, and it directed 
our radiologic colleagues to pay particular attention 
to absence of smaller intramural arteries in the apex. 
Increasingly, we are able to discern those patients 
with the radiologic and scintigraphic syndrome of 
“arid apex." The addition of a digital computer to 
the system has enabled us to derive useful quantita- 
tive indexes to analyze the observed defects. 


Conclusion 


The addition of variable time-lapse video systems 
(tape or disc) to an Anger-type scintillation camera 
has greatly enhanced the usefulness of the latter in- 
strument in performing a variety of dynamic func- 
tion studies. In evaluating patients with heart dis- 
ease by radioisotopic angiocardiography, such a sys- 
tem has been especially helpful in the following 
ways: 

1. It provides a quick, safe, noninvasive screening 
method with which to assess many patients. The di- 
agnostic accuracy is satisfactory for many congenital 
and acquired lesions. 

2. The image is of better quality than that of many 
computer-generated displays now available. 
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3. The system allows visualization of both the left 
and right heart chambers with use of a single injec- 
tion. 

4. It enables superimposition of images of the left 
and right heart chambers, which may enhance diag- 
nostic usefulness. 

5. The test is easily repeatable, thus enabling one 
to assess effects of treatment or progress of disease. 

6. Hospitalization is not required. 

7. The radiation dose to the patient is small com- 


pared to that required by most radiologic angio- 
graphic procedures. 

8. When performed in conjunction with coronary 
arterial catheterization, radionuclide coronary arteri- 
ography presents useful information on myocardial 
perfusion that may not be evident from the contrast 
study alone. 

9. In selected regions of interest, quantitative ca- 
pability may be added to supplement the data ob- 
tained on visual displays. 
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A video-based system is described that determines ventricular vol- 
ume from cineangiograms by automated border recognition or by 
manually assisted video planimetry. Analog circuits are utilized to 
provide on-line volume calculations. A computer system is used to 
calculate complex indexes of ventricular function from simultaneous- 
ly obtained pressure and volume data. Although the system requires 
considerable effort to establish, it has many potential applications. 


For several years a video-based system has been used at the National 
Heart and Lung Institute to study various aspects of ventricular 
function in man. We were initially attracted to a video format be- 
cause of the possibility of automating the border recognition required 
for ventricular volume determinations. Furthermore, we recognized 
that if volume data could be linked by computer to simultaneously 
obtained pressure determinations, many sophisticated indexes of left 
ventricular function could be readily calculated. This communica- 
tion describes our video-based, computer-linked system. 


Video Planimetry 


In 1959, Dodge and Sandler! demonstrated that left ventricular 
volume could be determined in man with reasonable accuracy using 
biplane serial film angiography. Subsequently, volumes have been 
measured from single plane serial films? and cineangiograms.? Al- 
though use of cineangiograms allows frequent determinations of ven- 
tricular volume, analysis of the changes that occur during a single 
cardiac cycle often requires several hours of tedious work. In an ef- 
fort to decrease the labor involved in these determinations, an auto- 
mated video device was designed to detect the borders of the opaci- 
fied left ventricular cavity on single plane cineangiograms.* 

The cineangiogram, taken at 60 frames per second with the pa- 
tient in the right anterior oblique position, is projected by means of a 
“flickerless” projector (model 16n/T.V. Selecta-Frame, Triad Corp., 
Glendale, Calif.) onto a close-coupled television camera and is then 
viewed by the operator on a television monitor. Various techniques 
such as masking, local shading of the image and normalization of the 
video signal are used to eliminate extraneous background and to en- 
hance the signal to noise ratio.* Video planimeters are then activated 
and the threshold level is adjusted so that the area of opacification 
estimated by the video planimeters accurately reflects the area of 
opacification observed by the operator (Fig. 1). The area of the opac- 
ified ventricular chamber is measured by summating the time that 
the gated video signal remains above an adjustable threshold. The 
analog output voltages of the video planimeters are calibrated with a 
grid system,* and the ventricular volume can then be calculated. In 
cineangiograms with a densely opacified left ventricle, border recog- 
nition is excellent. When the ventricle is less than optimally opaci- 
fied, automated recognition is often inadequate. Under these circum- 
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VIDEO STUDY OF VENTRICULAR FUNCTION—MARCUS ET AL. 
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FIGURE 2. Diagram of the video planimetry system. The cine 
film is projected and viewed by a rotatable television camera. 
The long axis of the ventricle is positioned perpendicular to the 
television raster by rotating the television camera. The opacified 
ventricle is then outlined with a pencil or pen, and the video 
planimeter determines the area of the outlined silhouette. The 
output of the video planimeter is sent to an analog circuit so 
that on-line volumes can be obtained. 
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FIGURE 1. Determination of left 
ventricular volume by automated 
border recognition. Left, opacified 
left ventricular chamber as seen by 
the operator. Right, superimposed 
light-gray zone represents the area 
of the identical left ventricular sil- 
houette as determined by the auto- 
mated border recognition system. 
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FIGURE 3. Diagram of the analog circuit and the equation used 
for calculating ventricular volume. Switch Sı opens when the 
Scan reaches the left border of the cortrast-filled ventricular 
cavity (for example, point c in the inset), and closes when the 
Scan reaches the right border (point d). This switch resets the 
first integrator. Switch S2 closes momentarily at the end of each 
vertical scan and performs the sample and hold function. Switch 
Ss closes momentarily just after So opens, thus resetting the 
second integrator. A; and Ag are amplifiers in the first and sec- 
ond integrators. A3 is an amplifier in the sample and hold cir- 
cuit. 
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FIGURE 4. A comparison of ventricu- 
lar volumes calculated by a computer 
program and ventricular volumes cal- 
culated from identical cine frames by 
an analog circuit. The calculated vol- 
umes are identical. 
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FIGURE 5. Cine frame showing the cine 
trace with the square wave impulse (arrow) 
for synchronizing pressure-volume studies. 


FIGURE 6. Various indexes of left ventricular 
function in a patient with an atrial septal de- 
fect. Panels A, B, C and D are plotted 
against time. A, left ventricular volume; B, 
left ventricular pressure; C, equatorial wall 
stress; D, rate of left ventricular volume 
change (DV/DT); E, pressure-volume loop; 
F, left ventricular contractile element veloci- 
ty derived from left ventricular pressure dP/ 
dt/40p plotted against left ventricular pres- 
sure. Vmax is obtained by extrapolating the 
isovolumetric segment of the curve to zero 
pressure. 12 
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stances, it is necessary for the operator to outline the 
borders of the opacified chamber on a tablet using 
an ordinary pen or pencil (Fig. 2). A second camera 
positioned immediately above the drawing serves 
two functions. It superimposes the line being drawn 
by the operator on the image of the opacified ventri- 
cle, thus enabling the operator to outline the ventric- 
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PEAK FIBER SHORTENING VELOCITY ( cire./sec.) 
FIGURE 8. Correlation between left ventricular ejection fraction 
and peak fiber shortening velocity in a series of 22 patients. 
Fiber shortening velocity was calculated using the formulation of 
Gault et al.9 
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FIGURE 7. Left ventricular wall 
stress calculated using six different 
theoretical formulations for the es- 
timation of equatorial wall stress. 
The various formulations give simi- 
lar results. 





ular chamber easily and accurately, and it provides 
video signals to the video planimeters which then de- 
termine the area of the outlined silhouette. Although 
this system is less efficient than the one that utilizes 
automated border recognition, it allows analysis of 
some cineangiograms in which the borders of the 
opacified left ventricle are not sufficiently distinct to 
be analyzed automatically. 


Analog Circuitry for Volume Calculations 


In the determination of ventricular volume, two 
basic steps are required: data acquisition and math- 
ematical computation. An on-line computer system 
permits calculations to be made almost instanta- 
neously, but is frequently not feasible for economic 
reasons. Because the time-lag between data acquisi- 
tion and volume calculation is considerable in the 
off-line computer system used in our program, we 
have developed a supplementary analog circuit that 
provides on-line volume data. 

The video presentation facilitates the analog com- 
putation because the evenly spaced television raster 
divides the left ventricular silhouette into parallel 
sections that have the same height—the distance be- 
tween two television lines. The long axis of the ven- 
tricle is positioned perpendicular to the television 
raster by rotating the television camera at the time 
of analysis.4 Each parallel section is assumed to be 
circular with a depth equal to its width. Consequent- 
ly, each section is a cylindrical disc, normal to the 
long axis of the ventricle, and its volume is directly 
proportional to the square of its diameter or width. 
Ventricular volume is the sum of the volumes of the 
individual discs and can be determined by an elec- 
tronic double integration technique (Fig. 3). 
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During the horizontal scan of each television line, 
a voltage pulse of constant amplitude is generated 
when the scan reaches the left border of the con- 
trast-filled left ventricular cavity and density ex- 
ceeds a preset threshold level. This voltage is inte- 
grated by an electronic circuit that produces a ramp 
voltage proportional to the horizontal width of the 
segment of ventricle. The circuit is reset to zero 
when the voltage pulse disappears as the scan reach- 
es the right border of the ventricular cavity. The 
output of this first circuit is integrated by a second 
circuit that is reset at the end of each vertical scan. 
Just before it is reset, the second integrating circuit 
transfers its output to a sample and hold circuit that 
continuously provides an analog voltage proportional 
to ventricular volume. The system is calibrated by 
use of radiopaque spheroids of known volume. 
Values for ventricular volume calculated by comput- 
er and by analog circuit are virtually identical (Fig. 4). 


Synchronization of Pressure and Volume Data 


Several important indexes of ventricular function, 
such as wall stress and diastolic compliance, require 
the simultaneous measurement of ventricular pres- 
sure and volume. In our laboratory, a catheter-tip 
manometer has been used to record high-fidelity left 
ventricular pressures, and contrast material has been 
injected through a second catheter positioned in the 
pulmonary artery, left atrium or left ventricle. In the 
past, we accomplished synchronization of pressure- 
volume data by manually transcribing pressures 
from a strip chart recording made at the time of an- 
giography and subsequently matching the data with 
volume determinations made from the analysis of 
cineangiograms, a laborious and time-consuming 
task. Synchronization of pressure-volume data now 
is accomplished automatically. At the time of angi- 
ography, the pressures, pulsed X-ray signals and a 
square wave impulse are recorded on magnetic tape. 


a 
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The square wave is introduced at the time of injec- 
tion of contrast material and is synchronized with 
the pulsed X-ray signals. It is simultaneously record- 
ed on the cinetrace of the cineangiogram (Fig. 5). 
When the cineangiogram is subsequently analyzed, 
all frames are referenced to the single frame in which 
the square wave impulse occurs. The magnetic tape 
containing the analog volume data and the one con- 
taining the pressure data are digitized, and a single 
third tape containing all data is generated. A com- 
puter program then matches the pressure and vol- 
ume data. 


Use of Computer Techniques 


Using the simultaneously acquired pressure-vol- 
ume data, a computer can calculate many indexes of 
ventricular function such as ejection rate, pressure- 
volume loops and the maximal velocity of contractile 
element shortening or Vmax (Fig. 6). Equatorial 
wall stress can be determined with the additional 
measurement of wall thickness at end-diastole and 
the use of Hugenholtz’s formula® for calculating ex- 
pected changes in wall thickness during systole. 
When various theoretical formulas?-1? for the deter- 
mination of equatorial wall stress are compared 
using this computerized system, all are found to give 
similar values (Fig. 7). In addition to calculating the 
various indexes of ventricular function, the system 
can compare their interrelations (Fig. 8). 

In summary, we have found that a video-based, 
computer-linked system greatly facilitates the evalu- 
ation of many complex indexes of ventricular func- 
tion in man. The many potential uses of the system 
outweigh the effort required to establish it. 
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An operator interactive video system for the measurement of roent- 
gen angiographically outlined structures is described. Left ventricular 
volume and three-dimensional shapes are calculated from up to 200 
pairs of diameters measured from ventriculograms at the rate of 60 
pairs of biplane images per second. The accuracy and reproducibility 
of volumes calculated by the system were established by analysis of 
roentgenograms of inanimate objects of known volume and by com- 
parison of left ventricular stroke volumes calculated by the system 
with the stroke volumes calculated by indicator-dilution technique 
and aortic root electromagnetic flowmeter. Computer-generated dis- 
play of the large amounts of data obtained by the videometry system 
is described. 


Fluoroscopic image-intensifier television systems, video tape and disc 
recording assemblies! 3 and digital computers have made it possible 
to calculate, analyze and display the large volumes of data required 
in estimating the dimensions of the cardiac chambers and the ten- 
sions within their walls. These estimates are based on calculations 
using heretofore impractically large numbers of almost simultaneous 
measurements of multiple diameters spanning all regions of the ven- 
tricle; consequently, they should be more accurate than previous es- 
timates that often have been based on unrealistic assumptions about 
ventricular shape. These roentgenographic, television and electronic 
data processing and computing techniques for study of cardiovascu- 
lar function have been developed in this laboratory during the last 
seven yearst? and currently are being applied to analysis of human 
left ventricular angiograms in the cardiac catheterization laboratory 
at St. Marys Hospital, Rochester, Minn. 


Description of System 


A block diagram designed to illustrate the sequence of operation and the 
purpose of each major component of the complete biplane roentgen video 
system is shown in Figure 1, and a detailed description of the system is 
given elsewhere.5 The primary data are obtained by means of two 9-inch 
fluoroscopic image-intensifier video systems mounted at right angles to 
each other. True 60/sec stop-action images are obtained by using 60/sec, 1 
to 2 msec X-ray pulses and noninterlaced video operation to eliminate deg- 
radation of temporal resolution due to the storage characteristics of the 
camera tubes. 

Videotape recordings: The biplane roentgenographic images of left ven- 
tricular angiograms are recorded 60 times a second on the same video tape 
with use of special switching and delay circuits, as described previously.3 
The electrocardiogram, left ventricular pressure, volume and time course of 
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FIGURE 1. Operator interactive biplane roentgen videometry-digital computer assembly for dynamic (60/sec) measurements of the 
shape and volume of a structure (for example, the left ventricle) and synchronization of these data with other events (for example, 


hemodynamic data). 


injection of contrast medium (0.5 ml/kg of 69 percent 
Renovist®) and other analog signals are incorporated into 
the simultaneously recorded pair of biplane images using an 
eight-channel video amplitude modulator-demodulator 
system. Video tape recordings of angiocardiograms can be 
replayed onto an Ampex DR-10 video disc recorder at 
leisure. 

Operator interactive video signal gating and perceiv- 
ing system: When the data are on the video disc, single 
video fields selected at end-systole and end-diastole are 
replayed in the stop-action mode while the biplane video 
images are mechanically masked by a gating process, with 
use of the flying-spot scanner, so that only the relevant 
portions of the angiographic images remain (Fig. 2). The 
video signal representing the anatomic structures sur- 
rounding the ventricular silhouette is then adjusted to the 
same voltage level around the complete perimeter of the 
ventricular chamber to facilitate automatic electronic rec- 
ognition of the ventricular borders. The adjustments, in- 
dependently available for each of the roentgen images, 
consist of signal pedestal and signal gain plus horizontal 
and vertical shade control for each video field. The hori- 
zontal and vertical shading effects, produced by adding 
ramp voltages of any desired slope in the horizontal and 
vertical directions, compensate for uniform gradients of 
radiopacity caused by gradients in the cephalo-caudad or 
dorsal-ventral thickness of the thorax. 

The flying-spot scanner assembly permits further im- 
provement of the image by enabling the operator to 
manually brighten cardiac catheters, ribs, diaphragmatic 
borders of the liver, and other radiopaque structures 
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superimposed on the cardiac borders and to darken filling 
defects in the ventricular chamber, particularly near 
the mitral valve. For this he uses a pencil or eraser and 
direct visual feedback control by means of the video mon- 
itor. This manual shading technique frequently is not nec- 
essary when optimal X-ray penetration has been achieved. 

Video quantizer border recognition system: The final 
interaction with the image at this stage is the operator's 
adjustment of the video quantizer level so that, in his best 
judgment, the brightened spots marking the four border 
recognition points on each of the approximately 60 hori- 
zontal lines crossing the biplane silhouettes of the ventric- 
ular chamber coincide with, as well as constitute, a com- 
plete brightened outline of the orthogonal borders of the 
chamber. The operator may elect to outline the epicardial 
margins of the ventricle as well as, or instead of, the ven- 
tricular chamber. If both the epicardial and the endocar- 
dial surfaces are outlined, only the monoplane data can be 
analyzed at any one operation. This limitation is set by 
the number of digital counters (four are incorporated in 
the current system) available to specify the X coordinate 
of successive border recognition pulses on each horizontal 
video line. Because of poor contrast, outlining the epicar- 
dial surface generally is not as successful as outlining the 
endocardial surface. The operator's judgment of the accu- 
racy of the border recognition points is aided by direct vi- 
sualization on an oscilloscope (Fig. 2) of the superposition of 
these pulses on the video signal from any desired horizontal 
line in the video image. 

Two horizontal lines, electronically brightened for 
identification, are selected at the cephalad and caudad 
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Unprocessed Video Signals 





1 volt 





Processed Video Signals 





FIGURE 2. Pictures of videometric display panel showing images and video signals before (left) and after (right) processing by flying- 
spot scanner-video quantizer assembly for automated detection and outlining of the borders of the left ventricular chamber in a 15 kg 
dog. The biplane video image of the left ventricle, in the lower right of each panel, is being replayed in stop-action mode from the 
video disc, and the video signal, in the upper left of each panel, is being displayed from the single horizontal line (C) traversing this 
image. The numerals 1 through 4 (right) identify the border recognition pulses generated by the video quantizer assembly. These pulses 
momentarily brighten the video beam at the four instants in time when the successive borders are detected and stop the four respec- 
tive 19 megacycle counters used to measure the distances of the ventricular silhouettes between the cardiac borders and their relative 
positions in space. The brightened horizontal video lines D and E delineate the vertical limits of the excursion of the basal and apical 
borders of the ventricle during the cardiac cycle. The operator controls the border recognition system to achieve optimal detection of 


the ventricular borders. (Reprinted by permission from Ritman et al.8) 


borders on the biplane images (Fig. 2, sites D and E). The 
computer is programmed to accept data only from the 
horizontal lines falling between these two instants in time 
that delineate the interval during which the video beam is 
inscribing the image of the ventricle, at a rate of 60 times 
each second. This technique is particularly useful since the 
border dimensional data are actually acquired in a 0.004 to 
0.013 second portion of each to of a second, and about 50 
percent of computer time can thus be made available for 
manipulation of the data. 

Each of the four high-speed digital counters used to 
measure the distance of the left ventricular silhouettes from 
the left edge of the television picture counts 19 million 
pulses each second. Therefore, each complete television 
line is divided into 1,207 intervals. Recording the number 
of these intervals utilizes 12 bits (spaces) of the computer’s 
memory per digital counter. Each of the biplane images 
occupies about one fourth of the length of a television line, 
and hence is about 300 clock counts across. Because the 
horizontal sweep speed of the video beam is constant, the 
difference between the number of clock pulses for each 
pair of border recognition points for each respective image 
is a measure of the diameters of the two projections of the 
ventricle at the specific site where this horizontal line in- 
tersects these images. 

Computer data processing and recording: The com- 
puter-activated, storage oscilloscope of the peripheral 
computer station, which is juxtaposed to the video disc 
border recognition assembly, provides an on-line check of 
the adequacy of the transfer of data to the computer and 
of the computer programs for manipulation of these data. 
During stop-action replay of any desired video field, the 
data from this field are fed into the computer and the 
computer generates biplane outlines of the ventricular 
chamber calculated therefrom. If this display and the as- 
sociated data are not satisfactory, the operator can insti- 
tute remedial action to detect and correct the malfunction 
in the system. 


Despite the extremely rapid acquisition of data in the 
CDC 3500 digital computer (about 8,000 bits per biplane 
image at a repetition rate of 60 biplane images per sec- 
ond), it is possible to record the data permanently on dig- 
ital tape in real time, that is, at the same very high speed 
at whieh it is generated. Consequently, the portion of the 
computer memory required for the program that performs 
the data acquisition and its recording on digital tape does 
not exceed the 2,300, 24-bit, words of the standard time- 
sharing Medlab Basic Assembly Program used in this fa- 
cility. 

After completion of the data transfer to digital magnet- 
ic tape with use of the CDC 3500 computer, the computer 
program can process the data. This first entails finding 
the upper and lower extremes of the relevant data. This 
step is necessary, despite the previously mentioned upper 
and lower sweep line ''cutoffs," because the apex of the 
heart moves toward the base during systole. After this 
procedure, the data points comprising each border of the 
heart are subjected to a program for detecting border rec- 
ognition errors. These errors usually occur when an extra- 
neous border recognition pulse is triggered to the left (that 
is, earlier in time) of the actual border of the ventricular 
chamber. The pulse usually is due either to a transient in- 
crease in opacity outside the area of the cardiac silhouette 
or to video disc noise. 

A more formidable problem is the fact that undyed 
blood entering the left ventricle by way of the mitral valve 
during diastole produces a radiolucent area or ''hole" in 
the roentgen image. This has been partially overcome by 
modifying the angiographic technique to minimize the 
"hole" and by digitally interpolating across the ‘“‘defect”’ 
in the cardiac border. 


Calculation of Ventricular Volume 


A rubber sphere with radiopaque properties similar to 
those of the Renovist-filled ventricle is placed in the posi- 
tion of the heart, and the biplane silhouettes of this 
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sphere are recorded on video tape. The scaling factors of 
the system can then be determined from the biplane re- 
cordings of the silhouettes of this test sphere of known 
size. 

The volume of the ventricle for each video field can be 
calculated using three assumptions: (1) that each of the 
50 to 200 cross sections of the left ventricular chamber, 
delineated by each of the 50 to 200 video lines crossing the 
biplane images of the chamber, is an ellipse; (2) that the 
orthogonal silhouettes of each cross section are oriented so 
that its major and minor diameters are projected onto the 
respective biplane image-intensifier video assemblies, and 
(3) that these diameters are directly proportional to the 
differences between count values for the two sets of border 
recognition points on each horizontal line. The area of an 
ellipse is m X R1 X R2, where R1 and R2 are the radii of 
the major and minor axes, respectively. The volume of 
each cross-sectional slice of the ventricle is then the area 
of the ellipse multiplied by a scaling factor. 


(B, = An) + (Bis «i "no Afn+1)) 
Ae or. LM HDD x 
(D, = Ca) + (Dig x $ Cin+1)) 


2 


where K is the conversion factor for millimeters of object 
per horizontal line and i is the conversion factor of milli- 
meters of object per clock count so that the total volume 
of the image is equal to the sum of the volumes of the 
total number of cross sections comprising its image (if the 
two biplane images have different magnification the i and 
K are appropriately scaled for each image). 

The volume of the ventricle is then calculated by this 
formula: 


AV, = 7i?K X 


N-1 

Volume = > AV, 
nzl 
The volume of the test sphere measured by this biplane 
roentgen video technique is reproducible to within 1 per- 
cent, despite resetting of the video quantizer level for bor- 
der recognition before each determination, and is general- 
ly an overestimate of up to 2 percent (2 ml in a 95 ml 
sphere). 

The first video field from which the search for minimal 
and maximal volumes is started, as well as the field at 
which it is to terminate the search, is under continual 
operator control. When this search routine covers a com- 
plete cardiac cycle, several conventionally desired values 
are obtained. These include end-diastolic and end-systolic 
volumes and their associated pressures, ejection fraction, 
pressure-volume loop, external work, power and diastolic 
compliance. The biplane silhouettes of the ventricle from 
each television field, as well as these derived data pertain- 
ing to the entire cardiac cycle, can be displayed on the 
memory oscilloscope at the peripheral computer station or 
on a computer-generated permanent plot by means of a 
computer-driven high-speed plotter or a rapid-line printer. 


Accuracy and Reproducibility 


'The accuracy and reproducibility of the shape and 
volume data obtained by this system have been as- 
sessed using Renovist-filled balloons of variable 
shape as pseudoventricles with a volume and rate of 
change of volume that are under dynamic control. 
Extensive tests also have been carried out using 
silastic rubber casts of the left ventricular cavity of 


dogs that underwent cardiac arrest during different 
phases of the cardiac cycle. (These casts were sup- 
plied by Dr. Harold Sandler, National Aeronautics 
and Space Administration, Ames Research Center.) 

'This system utilizes the experience and pattern- 
recognition ability of the operator to judge the accu- 
racy of the borders of the ventricular silhouettes as 
detected electronically by the videometry system. 
This capability prevents the possibility of bizarre 
borders being analyzed, thereby removing the possi- 
bility of grossly incorrect data being collected. How- 
ever, this essential feature introduces significant 
variation in results since the interactive adjustment 
of the system by the operator, in order to obtain 
what is judged to be the closest possible coincidence 
of the border recognition points with the actual bor- 
der, introduces variations of about 1.5 percent in the 
computed volume of an average-sized left ventricular 
chamber. This variation in volume corresponds to an 
error of less than 0.4 mm in the measurement of the 
diameters of the real object. The variability in the 
calculated volumes due to uncontrolled variations in 
the video signal and other electronic causes is about 
0.6 percent in ventricles of about 50 ml in volume 
and increases significantly for small ventricular 
chambers, particularly in the end-systolic phase of 
the cardiac cycle. Biplane, 60/sec roentgen images of 
a balloon were recorded on video tape during rapid 
injections of a known volume of dye (69 percent Re- 
novist) into the balloon. The calculated volume of 
the balloon was correct to within 0.2 ml for balloons 
in the 30 to 60 ml range. 


Studies of Ventricular Volume Using Three 
Geometric Models 


The biplane videoangiograms view the ventricle in 
two orthogonal planes only, and the shape of the 
ventricle, when viewed in the intact chest at angles 
different from these two views, is not accurately 
known. Presently the ventricle is assumed to be el- 
liptic in circumference at any one plane transecting 
the cavity. It is obvious that the irregularities of the 
ventricular trabeculations and papillary muscles 
make this assessment false, although it appears to be 
reasonable as a first approximation. If the correct 
“model” for the shape of the left ventricular cavity 
were known, then the true volume of the cavity 
could be calculated for any known angular aspect of 
the ventricular cavity viewed by the biplane X-ray 
field. Three assumed shapes (/*models") of the left 
ventricular cavity have been used to calculate the 
volume of casts of the left ventricular cavity. 

Volumes of casts of left ventricular cavity: 
Silastic casts of the canine left ventricle were im- 
paled on thin rods along the longitudinal axis of the 
casts. These casts were mounted at an adjustable 
angle from the plane of the X-ray beams of the bi- 
plane video system and centered at the intersection 
of these beams. The rotational position of the cast 
about its longitudinal axis was monitored by a circu- 
lar potentiometer. The casts were transradiated by 
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60 kv roentgenograms so that the radiopacity of the 
casts closely matched that of the left ventricular cav- 
ity outlined roentgenographically in the intact tho- 
rax. Biplane roentgen images of the cast and its an- 
gular position about its longitudinal axis were re- 
corded on video tape as the casts were rotated 360^ 
in 2 seconds. This procedure was repeated at differ- 
ent angles of the axis and for casts made at different 
phases of the cardiac cycle. 

Three sets of values for ventricular volumes were 
calculated based on three assumed shapes of the 
chamber. The simultaneous values for volume calcu- 
lated on the basis of all three assumptions are plot- 
ted in Figure 3. Values obtained by summing the as- 
sumed elliptically shaped cross sections of the cast 
gave values closest to the true volume at all angular 
positions. The correlation of the calculated volume 
for this ventricular cast using the elliptic disc and el- 
lipsoid assumptions, respectively, established a 1:1 
relation with a 2.4 ml offset between the two deter- 
minations, which represented a 5 percent difference 
in volume between the two methods. The correlation 
between the multiple elliptic disc and monoplane 
methods is poor when taken over an entire 180* 
range, but over restricted ranges of angular position, 
the correlation is good. 

The data shown in Figure 3 were obtained when 
the cast was oriented so that its long axis was at 
right angles to the plane of the X-ray beams. When 
the long axis of the cast is not orthogonal to this 
plane, the relation of the volumes calculated by the 
three methods during rotation of the cast alters so 
that, on the average, these values overestimate the 
actual volume by a greater degree than when the 
axis is oriented at right angles to the plane of the 
X-ray beams. The variation is also greater to the ex- 
tent that the minimal volume calculated by the 
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180 Rotation, Degrees 


Protate Spheroid 
( Menoplane: 2 Axes) 


Ellipsoid 


CHMQUESSE NAT FIGURE 3. Computer-generated 


plot of simultaneous 60/sec values 
for the volume of a cast of canine 
left ventricular cavity calculated 
assuming three different shapes of 
the cavity. Calculated values over- 
estimate the actual volume of the 
51.5 ml cast by 0.5 to 9.0 ml, de- 
pending on the angular aspect at 
which the cast was viewed by the 
orthogonally oriented roentgen 
video assemblies. (Reprinted by 
permission from Ritman et al.8) 


Elliptical Cross Sections 
(Biplane: 156 Diameters ) 


monoplane method may be less than the true vol- 
ume. When these observations were carried out using 
casts obtained at different phases of the cardiac 
cycle, similar patterns in the variation of the calcu- 
lated volumes were obtained. However, in all cases, 
the values based on biplane measurements showed 
30 to 50 percent less variation with rotation than the 
values obtained by the monoplane method. Values 
based on the ellipsoid model differed from those of 
the elliptic disc model by a fixed volume offset, and 
the two sets of values exhibited a nearly 1:1 rela- 
tion. On the average, the calculated volume values 
for four different casts (made at different phases of 
the cardiac cycle) obtained by the ellipsoid method 
and the monoplane method were 3 and 7 percent 
larger, respectively, than the values obtained by the 
multiple elliptic disc method. 

Volume of left ventricular chamber in intact 
dogs: These methods for calculation of left ventricu- 
lar volume also have been used to determine the vol- 
umes of the left ventricular chamber visualized in 
the intact thorax of anesthetized dogs by videoangiog- 
raphy. Left posterior and anterior oblique projec- 
tions of the left ventricle were recorded during injec- 
tions of 69 percent Renovist, as previously described. 
Figure 4 shows the left ventricular volumes and pres- 
sures calculated 60 times a second during one cardi- 
ac cycle in a dog with chronic heart block, a slow 
idioventricular rhythm and consequent cardiac de- 
compensation. Small (1 to 2 ml) changes in calculat- 
ed volume of the ventricular cavity were obtained 
during the isovolumic contraction and relaxation 
phases. These probably were due to changes in the 
shape of the ventricular cavity without a change in 
volume. A change in shape would produce changes in 
the length relations of the two diameters and hence 
in the calculated volumes of the “discs.” Also, the 
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FIGURE 4. Computer-generated plot of 
left ventricular volume and pressure si- 
multaneously recorded from a dog with 
cardiac decompensation caused by a 
slow idioventricular rhythm following 
chronic percutaneously produced heart 
block (injection of 8 ml of 69 percent Re- 
novist into the left ventricle of a 10.5 kg 
dog under morphine-pentobarbital anes- 
thesia). The double-ended horizontal ar- 
rows, labeled IC and IR, indicate the 
isovolumic contraction and relaxation 
phases of the ventricle, respectively. (Re- 
printed by permission from Ritman et 
al.8) o 


Volume 


calculated values for volume might vary slightly be- 
cause of the inevitable small errors in recognition of 
the margins of the multiple discs comprising the cav- 
ity. There was no evidence of mitral reflux in this 
angiogram. Values of volume measured simulta- 
neously by the three methods every %o of a second 
during one heart cycle demonstrated relatively con- 
stant differences and total changes in volume during 
the heartbeat (that is, the stroke volumes) deter- 
mined by each method were similar. 

All present angiographic methods for calculating 
the volume and dimensions of the left ventricular 
cavity presuppose some elliptic shape of this cham- 
ber. Clearly, values based on this assumption are 
highly sensitive to changes in the orientation of the 
ventricular chamber relative to the biplane X-ray 
beams." Unfortunately, the true shape of the cross 
sections of the left ventricular cavity cannot be de- 
termined from the roentgenographic silhouettes of 
this chamber, no matter how many angles of view 
around its longitudinal axis are used. The assump- 
tions of an elliptic shape and constant angular orien- 
tation of successive cross sections of the left ventricle 
produce significant errors in calculations of the vol- 
ume of this chamber, particularly if only one pair of 
orthogonal silhouettes is used. The errors in calcula- 
tions of length and tension caused by these assump- 
tions are of much greater magnitude than the esti- 
mations of volume, so that estimates of these vari- 
ables from the ventricular silhouettes can be consid- 
ered only rough approximations. Even when an infi- 
nite number of angles of view around the longitudi- 
nal axis of the ventricle is used, the angular orienta- 
tions of the major and minor axes of the cross sec- 
tions of the ventricle in relation to the X-ray beams 
cannot be determined with certainty. Thus, a differ- 
ent approach is required.? 
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0.5 1.0 1.5 Seconds 


Comparison of Stroke Volumes Measured by 
Roentgen Videometry, Indicator Dilution and 
Electromagnetic Flowmeter 


If uniform mixing of the contrast medium in the 
left ventricle can be achieved, the uncertainty in 
roentgenographic determinations of the shape of 
cross sections of the ventricular chamber can be 
greatly reduced if point-to-point variations in roent- 
gen density across single orthogonal projections of 
each successive cross section of the ventricle are re- 
corded. This type of roentgen density data can be 
obtained by means of biplane roentgen videodensito- 
metric and computer analysis techniques in conjunc- 
tion with the roentgen videometric system. Similar- 
ly, the concurrent measurement of roentgen video- 
density in one of the biplane images and the depth 
measurement by videometry in the orthogonal image 
permit calculation of the concentration of dye. With 
this capability, true indicator-dilution concepts can 
be applied to determination of flow in blood vessels. 
The final step in testing this system, before its appli- 
cation as an independent method for investigative or 
diagnostic studies of cardiac volumes, was to verify 
its accuracy in intact animals by comparing values 
for volume determined by roentgen videometry with 
values measured simultaneously by accepted inde- 
pendent methods. Consequently, a series of experi- 
ments was undertaken to compare the videometric 
analysis of angiocardiograms with accepted methods 
for measuring cardiac output, such as the conven- 
tional indicator-dilution technique and the chroni- 
cally implanted aortic electromagnetic flowmeter. 

Preliminary results demonstrated a close correla- 
tion between simultaneous determinations of stroke 
volume obtained by these three independent meth- 
ods (Fig. 5). The systematic underestimation by 
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(Biplane Roentgen Videometry ) 


videometry in relation to flowmeter values for identi- 
cal beats is thought to be due to overestimates of 
end-systolic volume caused by inadequate temporal 
resolution of video cameras when conventional inter- 
laced operation is used. Because of the required stor- 
age characteristics of the camera tubes, measure- 
ments from each 60/sec interlaced field contain in- 
formation for the !5; second periods elapsing be- 
tween successive scans of alternate fields. If more 
than a single scan is required to reduce residual im- 
ages below the noise level of the system, significant 
residual images may persist for 145 second. 


Cycles Visualized in Videoangiogram 
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FIGURE 5. Comparison of values 
for stroke volume determined by 
biplane roentgen videometry, using 
interlaced operation of the video 
camera, with values determined in 
close temporal proximity by arterial 
dilution curves of indocyanine 
green (left) and with values deter- 
mined from simultaneous beats by 
an aortic electromagnetic flowme- 
ter (right) in a dog studied without 
thoracotomy. Determinations were 
made at heart rates ranging from 
45 to 180 beats/min induced by a 
coupled atrial and ventricular 
pacemaker. Stroke volumes deter- 
mined by dye dilution are average 
values for the cardiac cycles that 
occurred during the period after in- 
jection of the dye into the right 
atrium; the videometric and flow- 
meter values are measurements 
from individual cardiac cycles. The 
regression equations are indicated 
as y and the correlation coeffi- 
cients between the two sets of 
values as r. Identical values by the 
two methods would fall on the bro- 
ken line. 


Manipulation of Data 

'The data shown in these figures indicate that the 
videometric system can be used as an independent 
quantitative technique for the investigation of ven- 
tricular volumes when beat to beat data are of inter- 
est and not accessible by conventional means in ani- 
mals or man studied without thoracotomy. The in- 
terrelations of the dynamic changes in the shape and 
volume of the ventricular chamber with the blood 
pressures, the flows generated by these changes, and 
the associated stresses and strains (that is, the 
length-tension relations) in the myocardium produc- 


FIGURE 6. Computer-generated multidimensional dis- 
plays of data derived from a left ventricular videoan- 
giogram. A and V are shock artifacts caused by the 
atrial and ventricular pacing stimuli, respectively, and 
R, the R wave of the electrocardiogram of a 14 kg dog 
with heart block anesthetized with morphine and 
pentobarbital. The double-ended horizontal arrow indi- 
cates the heart cycles from which data are displayed 
in the bottom panels. The bottom left panel is a com- 
puter-generated oscilloscopic display of the volume (in 
milliliters) cf 0.7 mm thick cross sections of the ven- 
tricular chamber plotted on the Z axis, the distribution 
of these volumes with distance (in centimeters) from 
the base to the apex of the chamber plotted on the X 
axis, and the time (in seconds) in the cardiac cycle on 
the Y axis. The atrial contribution to diastolic filling 
and the anomalous bulging near the apex in early sys- 
tole are visible. The bottom center panel is a contour 
plot of the distribution of the 0.7 mm thick cross-sec- 
tion volumes from base to apex (X axis) against time 
(Y axis). The contour lines designate increments of 
0.2 ml. The ejection and diastolic filling phases of the 
Successive cycles are readily apparent. The bottom 
right panel displays the rate of change of volume with 
distance from the base against time. 
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ing these changes are the essence of cardiovascular 
function. Therefore, in addition to developing tech- 
niques for dynamic displays (variable time base/stop 
action to real time video) of the changes in shape 
and volume during individual cardiac cycles, it is 
necessary to relate these changes to simultaneous 
pressure and flow data and the tension and length 
changes derived therefrom. These changes must be 
displayed so that they can be related easily to a 
spectrum of anatomic regions of the ventricle and 
temporally to all phases of the cardiac cycle. 

Descriptions have been published!9-12 of the con- 
siderable progress that has been made in this labora- 
tory in the development and application of computer 
graphic techniques, particularly in the display of 
three-dimensional data. These techniques, which 
produce data-dense, readily comprehensible displays 
of multidimensional data, are proving to be of great 
value as aids in the interpretation of biplane video- 
metric data. Simulated three-dimensional display of 
the left ventricular cavity, generated by the CDC 
3500 computer from biplane roentgen video data, 
can be used to indicate regional features of left ven- 
tricular chamber shape and function, such as local 
stress. 

An idea of the current status of these display tech- 
niques for studying the temporal and spatial rela- 
tions of the changes in volume that occur during in- 
dividual heartbeats can be derived from Figure 6, a 
composite of a portion of the data obtained from two 
successive heartbeats that were visualized by the in- 


jection of contrast medium and recorded on a bi- 
plane videoangiogram. Three different computer- 
generated, multidimensional displays of these heart- 
beats are mounted below the simultaneous recording 
of the left ventricular pressure, the electrocardio- 
gram, and the injection of 69 percent Renovist. We 
believe that similar plots of the spatial and temporal 
distribution of calculated wall tension and length 
relations will assist in the interpretation of the phys- 
iologic significance of these data. 


Conclusions 


These studies demonstrate that the roentgen vi- 
deometric system can be used as an independent 
quantitative technique for detailed and sophisticated 
investigations of ventricular volume and other hemo- 
dynamic variables. Realization of the full potential 
of computer-based roentgen videocardiography for 
investigative and clinical diagnostic studies requires 
(1) improvement of the temporal resolution of televi- 
sion cameras by elimination of the conventional in- 
terlaced mode of operation, and (2) analysis of high- 
fidelity orthogonal roentgen density profiles for de- 
velopment of improved methods for determining the 
shape and wall dimensions of the cardiac chambers. 
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Ten thousand electrocardiograms were reviewed with reference to 
intraventricular conduction and ventricular premature systoles. Ven- 
tricular premature systoles were found in 444 electrocardiograms, 
an overall incidence of 4.44 percent. The incidence was small in 
the presence of normal intraventricular conduction (3.73 percent) 
and greater in the groups with abnormal intraventricular conduction 
(9.80 percent), increasing in parallel with the degree of conduction 
delay. The coupling interval was significantly longer in tracings re- 
vealing intraventricular conduction disturbances than in normal trac- 
ings. Studies of QRS configuration and mean frontal QRS axis of the 
dominant and ectopic beats disclosed: (1) a positive correlation be- 
tween the QRS duration of sinus and premature beats; (2) a signifi- 
cantly greater angle between the QRS axes of sinus and ectopic 
beats in the presence of abnormal intraventricular conduction; and 
(3) in groups with intraventricular conduction delay, a QRS axis of 
premature systoles commonly either directed away from the region 
of the blocked bundle or suggesting an additional delay in the re- 
maining nonblocked fascicles. From these data we conclude that (1) 
ventricular premature systoles are more likely to originate from the 
area of intraventricular conduction delay, and (2) the ectopic im- 
pulse seems to invade and at least partially utilize the other fascicles 
of the Purkinje system for ventricular excitation. The clinical signifi- 
cance of more frequent ventricular premature systoles in patients 
with cardiac disorders than in normal subjects should be reempha- 
sized. 


Although premature systoles often occur in the absence of heart dis- 
ease,!* it is widely accepted that their incidence increases in the 
presence of organic cardiac lesions.'? Various pathophysiologic and 
pharmacologic factors have been shown to produce ventricular extra- 
systoles and other arrhythmias. Scherf and Schott! have extensively 
reviewed many of these problems. Furthermore, many investiga- 
tors!.9-5 have made clinical and experimental attempts to correlate 
various patterns of premature QRS complexes with the sites of impulse 
formation. These earlier studies using scaler electrocardiography and 
more recent studies with vectorcardiography?:1° provided the basis 
for classifying extrasystoles by their similarities to patterns of bundle 
branch block.11.12 

Certain underlying cardiac lesions such as myocardial infarction 
significantly modify the ectopic QRS complexes.13.14 However, few 
systematic studies have tried to correlate intraventricular conduction 
disturbances with the incidence and characteristics of premature 
systoles.15 In addition, the recently developed concept of the trifascic- 
ular nature of the intraventricular conducting system!6 may both 
facilitate localization of the origin of ectopic beats17-18 and also fur- 
ther complicate theoretical considerations on their characteris- 
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tics.19.?9 Hence, in this study, we attempted to eluci- 
date the effect of intraventricular conduction dis- 
orders on ventricular extrasystoles by reviewing clini- 
cal electrocardiograms. 


Material and Methods 


Ten thousand electrocardiograms recorded in the Heart 
Station of the Hahnemann Medical College and Hospital 
were reviewed for the presence of ventricular premature 
systoles. Only records taken with three simultaneous lead 
machines showing a total of 20 seconds of continuous trac- 
ing were studied. We excluded (1) tracings from patients 
with an electronic pacemaker, (2) tracings with a basic 
rhythm other than sinus, and (3) cases of Wolff-Parkin- 
son-White syndrome. All 10,000 electrocardiograms were 
classified, according to the patterns of intraventricular 
conduction of the dominant beats, into the following eight 
groups: (1) normal intraventricular conduction (normal 
group), (2) left bundle branch block, (3) left bundle 
branch block with left axis deviation, (4) left anterior di- 
visional block, (5) left posterior divisional block, (6) right 
bundle branch block, (7) right bundle branch block plus 
left anterior divisional block, and (8) right bundle branch 
block plus left posterior divisional block. The criteria used 
for these classifications are shown in Table I. . 

Ventricular premature systoles were identified accord- 
ing to the generally accepted criteria.?.3 When a parasys- 
tolic mechanism was suggested in a given tracing, the case 
was excluded since similar studies on parasystole were 
previously reported by one of us.2° Records showing extra- 
systoles were studied with reference to the QRS duration 
of sinus as well as ectopic beats, the coupling interval, the 


TABLE | 
Criteria for Various Intraventricular Conduction Disturbances 


QRS Duration 
(sec) 
LBBB 20.12 
LBBB + LAD >0.12 
LADB Normal or slightly 
prolonged 
LPDB Normal or slightly 
prolonged 
RBBB >0.12 
RBBB + LADB >0.12 
RBBB + LPDB >0.12 
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basic cycle length, and the Q-T as well as Q-aU (from the 
onset of QRS to the apex of the U wave) interval of the 
sinus beats. The frontal QRS axes of the dominant and 
the ectopic beats were calculated using the area enclosed 
between the QRS deflections and the isoelectric line from 
the lead sets having premature systoles. 


Results 


Incidence of ventricular premature systoles: Of 
the 10,000 tracings, 444 showed ventricular extrasys- 
toles, indicating an overall incidence of 4.44 percent 
(Table II). They were seen most frequently in cases 
of right bundle branch block plus left posterior divi- 
sional block and left bundle branch block with left 
axis deviation (about 19 percent), followed by cases 
of right bundle branch block plus left anterior divi- 
sional block and left bundle branch block (12.5 to 13 
percent). In all groups with abnormal intraventricu- 
lar conduction, the incidence (9.8 percent) was signif- 
icantly greater (P <0.01) than in the normal group 
(3.73 percent). 

QRS duration of dominant and premature 
beats: Comparison of the QRS durations of the 
dominant and the ectopic beats in individual groups 
showed a relation between these two values (Table 
II). The QRS duration of the ventricular extrasys- 
toles in the groups with right bundle branch block 
plus left posterior divisional block, left bundle 
branch block with left axis deviation, and left bundle 
branch block was significantly longer (P <0.01) than 


Mean Frontal QRS Axis 


> —30 


IA 


<—45 


About +120 


Variable 


About —60 to —120 


> +120 or < —150 


—30 


(°) Other 

Delayed intrinsicoid deflection 
in leads I, aVL, V6, with 
associated ST-T changes; 
no Q wave in lead | 

Criteria for LBBB; no deep S 
wave in lead V; 

Q:S; pattern 


$:Q; pattern; absence of right 
ventricular hypertrophy, 
vertical heart, chronic 
obstructive lung disease or 
lateral myocardial infarct 

Delayed intrinsicoid deflection 
in lead V; with associated 
ST-T changes; wide, slurred 
S wave in lead V; 

Criteria for RBBB; QiS; 
pattern 

Criteria for RBBB; SiQ; 
pattern; absence of 
conditions cited in LPDB 


LAD = left axis deviation; LADB = left anterior divisional block; LBBB = left bundle branch block; LPDB = left posterior divisional 


block; RBBB — right bundle branch block. 
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TABLE II 


Incidence and Characteristics of Ventricular Premature Systoles (VPS) 





Angle Between QRS 





ECGs QRS Duration of QRS Duration of Axes of Dominant 

Total with VPS Incidence Dominant Beats Premature Beats and Premature Beats Coupling Interval 

Group ECGs (no.) (95) (sec) (sec) (°) (sec) 
Normal 8,837 330 3.73 0.0806 + 0.013 0.1346 + 0.015 83.84 + 51.3 0.4731 + 0.090 
Abnormal 1,163 114 9.80 0.1230 + 0.024 0.1449 + 0.021 101.01 + 56.52 0.5028 + 0.079 
LBBB 184 23 12.50 0.1278 + 0.010 0.1492 + 0.022 96.77 + 52.19 0.5188 + 0.089 
LBBB + LAD 96 18 18.75 0.1465 + 0.019 0.1495 + 0.015 120.81 + 41.96 0.5223 + 0.096 
LADB 488 40 8.19 0.0970 + 0.013 0.1371 + 0.015 91.00 + 59.11 0.4926 + 0.172 

LPDB 3 0 s is a be ats ars 
RBBB 236 11 4.66 0.1327 + 0.009 0.1382 + 0.015 101.45 + 55.70 0.4927 + 0.078 
RBBB + LADB 130 17 13.07 0.1341 + 0.012 0.1435 + 0.024 96.71 + 63.84 0.4906 + 0.071 
RBBB + LPDB 26 5 19.23 0.1561 + 0.008 0.1820 + 0.031 123.60 + 62.02 0.5100 = 0.031 





Abbreviations as in Table |. 


that in the normal group. Furthermore, when the 
QRS duration of the ectopic beats was directly com- 
pared with that of the sinus beats (Fig. 1), progres- 
sive widening of the dominant QRS complexes was 
associated with a progressively greater incidence of 
wide extrasystolic QRS complexes, and vice versa. 
Frontal QRS axis of dominant and premature 
beats: Plotting of the mean frontal QRS axes of ven- 
tricular extrasystoles in the normal group (Fig. 2) 
demonstrated a variety of orientations although cer- 
tain areas had a greater incidence than others. Fig- 
ure 3 shows that the frontal QRS axis of ventricular 
premature systoles most often occurred between 
+45° and +90° or between —45° and —90° and was 
found least often from —135? to —180° and 0° to 
+45°. Comparison of this histogram with the ranges 
of mean frontal QRS axes of sinus beats in individu- 
al groups with abnormal intraventricular conduction 
indicates that more than 50 percent of ectopic beats 
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occurring in the normal group showed QRS axes 
compatible with right bundle branch block, either 
alone or in combination with left posterior or anteri- 
or divisional block, whereas QRS axes compatible 
with left bundle branch block alone occurred least 
frequently. Although Figure 3 does not show that the 
octant —135° to —180? was represented by a particu- 
lar group of intraventricular conduction distur- 
bances, this range is most likely compatible with the 
QRS pattern of right bundle branch block plus left 
posterior divisional block. 

Plotting the QRS axes of ventricular extrasystoles 
in groups with abnormal intraventricular conduction 
in a manner similar to that shown in Figure 2 re- 
vealed no definite tendencies of distribution. How- 
ever, to clarify the role of bundle branch blocks in 
the genesis of extrasystoles, the incidence of various 
QRS axes of the ectopic beats must be corrected by 
their incidence in the absence of intraventricular 
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conduction disorders. For example, in the group with 
right bundle branch block, correction was made as 
follows: In the normal group, the incidence of QRS 
axes occurring between 0° and +45° was 8.1 percent 
(Fig. 3). If the presence of bundle branch block had 
no effect on the distribution of ectopic QRS axes, the 
same incidence could be expected in this octant, and 
the expected number of extrasystoles falling into this 
range in a group of 11 cases would be 11 X 8.1/100 = 
0.891. Instead, the observed number in the octant of 
0° to +45° was 4. Hence, the corrected incidence 
here is calculated as 4/0.891 = 4.50. A corrected in- 
cidence greater than 1 indicates a higher than pre- 
dicted value. Similar calculations were made for all 
the octants in individual groups with abnormal in- 
traventricular conduction (Fig. 4). The mean + 
standard deviation of the mean frontal QRS axis of 
the sinus beats is also shown below each histogram. 
Several conclusions can be drawn from Figure 4: 
(1) The distribution of various QRS axes of ventricu- 
lar extrasystoles is quite similar in groups with left 
bundle branch block and left anterior divisional 
block. In both groups, the greatest corrected inci- 
dence occurs in the octant —135° to —180°, a range 
compatible with right bundle branch block plus left 
posterior divisional block, as stated. The corrected 
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FIGURE 3. Incidence of ventricular premature beats in individu- 
al 45? octants of the QRS axis, in the presence of normal intra- 
ventricular conduction. A case falling exactly on the border of 
two octants (for example, +90°) was counted as 0.5 in each 
octant. The ranges of frontal QRS axes of the sinus beats in the 
presence of various intraventricular conduction disorders are 
shown below. Abbreviations as in Table |. 
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+90 
FIGURE 2. QRS axes of premature systoles in the presence of 
normal intraventricular conduction. Each dot represents an in- 
stance of extrasystole. The mean frontal QRS axis of the sinus 
beats in this group was calculated as +18.71° + 37.40° (mean 
+ standard deviation), as shown by the arrow and two radii with 
short oblique lines. 
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FIGURE 4. “Corrected” incidence of ventricular premature sys- 
toles in individual octants of the QRS axis, in various groups of 
intraventricular conduction disturbance. Method of calculation 
and detailed discussion in text. Abbreviations as in Table |. 
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presence of right bundle branch block. Simultaneous records of 
leads X, Y and Z. Positive deflections in the three leads repre- 
sent, respectively, leftward, inferior and posterior vector forces. 
The third beat is an extrasystole, which shows a left bundle 
branch block pattern. 


incidence also exceeded 1 in the range between +90° 
and +180°, in which the QRS axis is compatible 
with right bundle branch block, either alone or in 
combination with left posterior divisional block. In 
contrast, the incidence is extremely small in the oc- 
tant 0° to +45°, a range compatible with a pattern of 
left bundle branch block. (2) In the group with left 
bundle branch block and left axis deviation, the cor- 
rected incidence was greater than 1 in the ranges be- 
tween +45° and +180° and between —135? and 
—180*. This finding is similar to that in the pre- 
viously mentioned two groups; however, in this 
group, the incidence was also great in the range be- 
tween 0? and +45°, whereas it was quite small in 
the range between 0° and —90°. (3) The most strik- 
ing distribution pattern was seen in the group with 
right bundle branch block. Here a single, peak cor- 
rected incidence of 4.5 occurred in the octant 0? to 
+45°, in which the QRS axis is compatible with a 
pattern of left bundle branch block. The neighboring 
octant, 0° to —45°, is the only other range with an 
incidence greater than 1, in which the axis still cor- 
responds to the pattern of left bundle branch block. 
No premature systoles occurred in the ranges corre- 
sponding to right bundle branch block or right bun- 
dle branch block plus left posterior divisional block. 
(4) When the sinus beats showed right bundle 
branch block plus left anterior divisional block, ex- 
trasystoles showed a wide variety of axes. (5) Finally, 
in the group with right bundle branch block plus left 
posterior divisional block, the greatest corrected in- 
cidence was seen in the range between 0° and —90°, 
a range compatible with left bundle branch block, 


left anterior divisional block, left bundle branch 
block with left axis deviation, or right bundle branch 
block plus left anterior divisional block. Although 
another high rate of incidence is shown between 
7-135? and +180°, this represents only one case. 

The angle between the mean frontal QRS axes of 
the premature and the dominant beats was deter- 
mined for each tracing (Table II). In the normal 
group, this angle was calculated to be 83.84 + 
51.25?, whereas the angle for all groups with abnor- 
mal intraventricular conduction was 101.01 + 56.25°; 
this difference was statistically significant (P <0.01). 
An angle greater than 120? occurred in 52 of the 114 
cases of bundle branch block (45.5 percent), but was 
found in only 95 of the 330 normal tracings (28.8 per- 
cent). Thus, a greater number of premature beats 
had a QRS axis directed away from that of the sinus 
beats when intraventricular conduction was abnor- 
mal. 

QRS configuration of premature systoles: Many 
ventricular extrasystoles showed a QRS configura- 
tion similar to that of one of the bundle branch 
blocks, whereas the patterns of some premature beats 
could not be readily classified in this manner. This is 
easily understood when one considers the difference 
between the spread of sinus impulses in the presence 
of a bundle branch block and the spread of impulses 
arising within the ventricles. For this reason, too, we 
have discussed the incidence of various types of ec- 
topic QRS complexes mainly with reference to the 
frontal QRS axis. Nevertheless, our study gives us 
the impression that many premature systoles arise 
from the area of bundles with depressed conduction. 
For example, ventricular extrasystoles in the pres- 
ence of right bundle branch block alone consistently 
showed either one of the three patterns—left bundle 
branch block, left anterior divisional block or left 
bundle branch block with left axis deviation— 
suggesting impulse formation within or close to the 
right bundle branch system (Fig. 5). In cases of 
bifascicular block, the QRS contour of premature 
systoles would depend on the fascicle from which the 
impulse originated. 

Coupling interval of premature systoles: The 
coupling intervals of ventricular extrasystoles in the 
normal group averaged 0.473 + 0.090 second, where- 
as that for all groups with abnormal intraventricular 
conduction was significantly longer (P <0.01) at 
0.503 + 0.079 second (Table II). On the other hand, 
mean values for the basic cycle lengths of sinus 
rhythm were 0.754 + 0.160 second in the normal 
group and 0.786 + 0.209 second in the abnormal 
group; this difference was not significant. Hence, the 
longer coupling intervals in the presence of intraven- 
tricular conduction disturbances could not be corre- 
lated with a longer basic cycle length.?! In the group 
with normal and those with abnormal intraventricu- 
lar conduction, the coupling intervals were best cor- 
related with the Q-aU intervals when U waves were 
identified, and they were well correlated with the 
Q-T intervals when U waves were not apparent.22 
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Discussion 

In the present series of 10,000 electrocardiograms, 
ventricular extrasystoles were observed in 3.73 per- 
cent in the presence of normal QRS duration, where- 
as the incidence was significantly greater (9.80 per- 
cent) in the groups with intraventricular conduction 
disorder. Furthermore, we generally found that the 
wider the QRS complex, the more frequent were ec- 
topic beats (Table II). These results are not surpris- 
ing since many investigatorsi-3.13.23 have almost 
taken for granted a greater incidence of premature 
systoles in the diseased than in the normal heart, 
and continuous monitoring during the acute stage of 
myocardial infarction has revealed the frequent oc- 
currence of arrhythmias including ventricular extra- 
systoles.24:25 Previous experimental studies have 
suggested that the boundary between ischemic and 
nonischemic regions is the most likely site of ectopic 
impulse formation.?9 These data indicate that the 
pathophysiologic changes underlying intraventricular 
conduction disturbances may somehow cause extra- 
systoles. 

Genesis of ventricular premature systoles in 
presence of intraventricular conduction defects: 
The observed association of ventricular premature 
systoles with intraventricular conduction disorders 
appears most significant with regard to the genesis of 
these ectopic beats. Classically, two main theories 
have been advanced to explain the mechanisms of 
so-called coupled extrasystoles. The first invokes ec- 
topic impulse formation in an abnormal focus,!.?* 
and the second postulates a reentry mechanism.?.28 
This second theory assumes an area of depressed 
conduction with unidirectional block.2:29 More spe- 
cifically, a block in peripheral branches of the spe- 
cialized fibers has been suggested as the likely cause 
of reentry.28.30 The recent demonstration of reentry 
movement in canine Purkinje-ventricular muscle 
preparations?1.32 lends further support to this theory 
although, as Scherf and Schott?" have pointed out, 
one might question the validity of such observations 
made under extremely unphysiologic conditions. 

If one does subscribe to this concept, it is readily 
apparent that the presence of intraventricular block 
would facilitate such reentry movement, and coupled 
extrasystoles may well be generated in those regions 
of conduction delay. Our results appear to support 
such assumption although previous study2° showed 
that in the presence of a bundle branch block, 
parasystolic rhythm also appeared to originate in or 
near the blocked bundle. Since parasystole is most 
likely a result of automaticity,?9 reservations must 
be made in concluding that our present results defi- 
nitely favor reentry as the mechanism of coupled ex- 
trasystoles. In fact, one might argue that increased 
diastolic depolarization, with the loss of membrane 
potential, may cause a conduction delay in a bundle 
branch,3? and the automaticity itself may somehow 
result in premature systoles apparently coupled to 
the preceding beat. Both a supernormal period of 
excitability and a Wedensky effect have been sug- 


gested as possible mechanisms for the production of 
fixed coupling in the presence of automatic impulse 
formation.34 In cases of intermittent parasystole, ap- 
parent coupling of the first parasystolic beat may be 
explained by the difference between cycle lengths of 
the sinus and parasystolic pacemakers, after the ec- 
topic focus was discharged by the sinus impulses 
during temporary dissipation of a protective block.2° 
Despite these reservations, our observation seems to 
indicate reentry as a more likely mechanism for the 
common varieties of extrasystole. 

Correlation of QRS duration of sinus and ectop- 
ic beats in presence of intraventricular conduc- 
tion defects: Our study revealed a positive correla- 
tion between the QRS duration of sinus and ectopic 
beats (Table II, Fig. 1). Two alternative explanations 
may be given for this finding: (1) A premature im- 
pulse originating in the ventricle is propagated al- 
most exclusively through the nonspecialized muscle 
fibers. However, possible association of myocardial 
damage in the cases of intraventricular block may 
make ventricular excitation more abnormal. (2) An 
ectopic impulse invades and at least partially utilizes 
the fascicles of the His-Purkinje system for ventricu- 
lar excitation. Hence, the duration of the resultant 
QRS complex is determined by the proximity of 
some of the fascicles to the site of impulse formation, 
as well as by the conductivity in such fascicles.18 

Although it has been shown that premature ven- 
tricular complexes are significantly deformed by 
underlying cardiac lesions, and that ventricular ex- 
trasystoles with wide QRS complexes are usually 
found in more severely diseased hearts,! these find- 
ings do not necessarily indicate that the ventricular 
conducting system is not utilized in the spread of an 
ectopic impulse. In fact, several arguments can be 
presented in favor of the role of the ventricular con- 
ducting system. Anatomically, the peripheral Purk- 
inje fibers and transitional cells show an extensive 
network throughout the ventricles,?9 with some in- 
terconnections between fascicles. The experimental 
studies of Scher and Young? suggested that the ec- 
topic impulse invaded the Purkinje system and 
reached the endocardial surface of distant regions 
sooner than the excitation wave traveling through 
the ventricular myocardium reached the correspond- 
ing epicardial regions, even when an extrasystole was 
initiated in an epicardial area. If it is correct to as- 
sume that impulse formation in most ventricular 
premature systoles involves a part of the Purkinje 
system,?? invasion and utilization of the remaining 
fascicles of the ventricular conducting system would 
more readily be expected. 

In our study, the premature QRS complexes in the 
groups with either left anterior divisional block or 
right bundle branch block alone were not significant- 
ly wider than those in the normal group (Table II). 
This finding may indicate that, in cases of ‘““mono- 
fascicular block," a premature impulse originating in 
the particular fascicle below the site of block may 
enter and utilize the other two fascicles which are in- 
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tact. Thus, ventricular excitation by the ectopic im- 
pulse is not significantly different from that in the 
absence of bundle branch block. In contrast, wider 
extrasystolic QRS complexes in the groups with 
bifascicular block can be explained by delay or block 
in one of the remaining two fascicles potentially 
available for impulse transmission, when an ectopic 
beat originates in either one of the blocked bundles. 
Ventricular premature systoles in the other two 
groups (left bundle branch block and left bundle 
branch block with left axis deviation) also showed 
greatly widened QRS complexes (Table II). This 
finding suggests (1) that these latter cases may rep- 
resent conduction disturbances involving both the 
anterior and posterior divisions (so-called divisional 
left bundle branch block?7) either with or without 
block in the main left bundle (predivisional block), 
and (2) that the QRS axis as well as configuration 
may depend on the relative degrees of conduction 
delay in these two fascicles. Rosenbaum?’ states that 
predivisional and divisional blocks show an identical 
electrocardiographic pattern. Thus, the present clas- 
sifications of simple left bundle branch block and 
that with left axis deviation may be regarded as arbi- 
trary until more extensive studies prove or 
disprove their differentiation. However, our study 
demonstrated that these two groups showed a differ- 
ent distribution pattern of the QRS axes of extrasys- 
toles, especially in the range between —90° and +45° 
(Fig. 4). 

Shorter QRS duration in ventricular extrasys- 
toles: Another observation requires further com- 
ment. In seven instances of marked intraventricular 
conduction disturbances, ventricular extrasystoles 
had shorter QRS durations than the sinus beats. In 
one extreme case in which the QRS duration of the 
sinus beats was 0.18 second and that of the extrasys- 
toles was 0.13 second, the coupling interval was such 
that fusion of the ectopic and the sinus impulses was 
suggested.2° However, in the remaining six such in- 
stances, ventricular fusion was definitely ruled out 
although the premature QRS complexes were nar- 
rower than the sinus beats by 0.02 second. In five of 
these six instances, the sinus beats showed evidence 
of left bundle branch delay, whereas the extrasys- 
toles had patterns of right bundle branch block or 
right bundle branch block plus left posterior divi- 
sional block, thereby suggesting certain areas along 
the left bundle (or its anterior fascicle) as the proba- 
ble site of ectopic impulse formation. 

This finding may possibly be explained as follows: 
It has been said that extensive ramification of the 
three major fascicles occurs only after the fascicles 
reach the level of the papillary muscles,!6 although 


the presence of some fibers branching to the ventric- 
ular septum has also been recognized.?8 If this prem- 
ise is correct,!6 and conduction is blocked in one of 
these fascicles at a relatively higher level producing a 
typical bundle branch or fascicular block pattern, 
the region of the blocked fascicle would probably be 
depolarized only after a sinus impulse traveling 
down the intact fascicles reached their peripheral 
Purkinje network (and the ventricular muscle) and 
then invaded the branches of the blocked fascicle. By 
this time, the areas of the nonblocked fascicles may 
have been partly depolarized, and thus the QRS 
complex may be widened. In contrast, if an ectopic 
beat arises in a peripheral part of one fascicle which 
is close to or even interconnected with the peripheral 
ramifications of a second fascicle, the impulse may 
spread almost simultaneously along the two fas- 
cicles, thereby producing a relatively narrow QRS 
complex. 

It may further be theorized that in the presence of 
“normal” intraventricular conduction, conduction 
delay with reentry involves only a small peripheral 
branch of the Purkinje system. Hence, the extrasys- 
toles arise from these peripheral sites and more often 
have shorter QRS durations (Table II). Since, in 
these instances, two fascicles may be excited almost 
simultaneously, although in retrograde fashion, the 
QRS axis of the extrasystoles may be more similar to 
that of the sinus beats (Table II). The origin of ven- 
tricular parasystole in the presence of normal intra- 
ventricular conduction has also been thought to be 
relatively peripheral in the ventricular conducting 
system.?9 However, if an ectopic beat arises high in a 
fascicle in cases without bundle branch block, the 
spead of the impulse to the other fascicles must be 
even faster and in orthograde direction, resulting in 
QRS complexes quite similar to those of normal 
sinus beats. So-called main-stem extrasystoles3? or 
narrow ventricular ectopic beats!? may well repre- 
sent this variety. On the other hand, in the presence 
of intraventricular conduction disturbances, an ec- 
topic impulse originating high in a fascicle but below 
the site of block may produce QRS complexes even 
wider than those originating from the more peripher- 
al regions. Such relatively higher sites of impulse for- 
mation appear rather common in cases of bundle 
branch block whether the premature beats are 
parasystolic?? or are coupled to the preceding sinus 
beats. 

Finally, the clinical significance of more frequent 
ventricular premature systoles, and possibly an in- 
creased risk of ventricular tachycardia, in patients 
with intraventricular conduction disturbances should 
be stressed. 
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Rate-dependent pathologic Q waves in leads V; to V3 were seen in 
two patients with myocardial infarction. Months later this conduction 
defect could be recalled with atrial premature beats, or as a continu- 
ing rate-dependent phenomenon. It is suggested that these cases 
represent a focal block in the septal fibers of the left bundle branch 
system and that this defect could underlie the transient right precor- 
dial Q waves seen in myocardial infarction or ischemia, as well as 
the fixed Q waves of many patients without septal infarction at au- 
topsy. 


The initial deflection of the electrocardiogram, also called the *sep- 
tal vector," is normally directed anteriorly and to the right, therefore 
contributing to the R waves seen in the right precordial leads. Left 
bundle branch block is known to ablate this force owing to the ab- 
normal ventricular depolarization that reverses the sequence of sep- 
tal depolarization. The relative contribution of the two fascicles of 
the left bundle to septal depolarization is still controversial. Whether 
fascicular block is or is not accompanied by a Q wave in leads V4 and 
V2 has been variously considered a function of the anatomic heart 
position or the result of a shift in the position of the electrical center 
of the heart? relative to the conventional precordial lead locations. 

We have observed certain electrocardiographic disturbances that 
appear to support the thesis that selective (hereafter “‘focal’’) block 
in fibers supplying the middle third of the septum can sometimes be 
recognized electrocardiographically. We report here examples of 
transient septal focal block, intermittent septal focal block of both 
the rate-dependent and seemingly random types and functional sep- 
tal focal block associated with other well recognized conduction 
disturbances. The abnormality represents an additional cause for 
pathologic Q(q) waves in the right precordial leads. 


Illustrative Cases 


Case 1: A 65 year old woman was admitted to the coronary care unit on 
August 16, 1970 because of severe retrosternal pain with radiation to the 
neck. The electrocardiogram (Fig. 1) showed right bundle branch block, left 
axis deviation, S- T segment elevations and abnormal Q waves in leads V4 
to Vs. One hour later the record showed only right axis deviation and an- 
terolateral infarction. Small r waves were present in leads V4 and Vo. Deter- 
mination of elevated serum enzyme levels confirmed the clinical diagnosis 
of acute myocardial infarction. 

Serial records (Fig. 1) showed thereafter episodes of complete (August 17) 
or incomplete (August 21) right bundle branch block always accompanied 
by a Q wave in leads Vi and V2 and, occasionally, V3. Left axis deviation 
persisted. At discharge (August 31) the record showed left or indeterminate 
axis deviation and a failure in r wave progression after lead V5. On the pa- 
tient's return to the clinic (October 14), the record showed left axis devia- 
tion, ÁQRS of —70° and a mild terminal conduction defect (see leads V2 
and aVR). 
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The patient was readmitted on December 8 because of 
an acute change in her electrocardiogram suggesting fresh 
reinfarction of the septum and right bundle branch block. 
There was no chest pain, and serial serum enzyme deter- 
minations and sedimentation rate showed no evidence of 
myocardial necrosis. Carotid sinus massage (Fig. 2) abol- 
ished the Q wave in leads V4 to V3 and restored the pat- 
tern of the preadmission electrocardiogram. There was no 
significant change in the ÁQRS as measured during the 
first 0.04 second. 


Case 2: A 72 year old woman was admitted to the coro- 
nary care unit on May 9 because of chest pain. The elec- 
trocardiogram 1 month earlier (Fig. 3) had shown a proba- 











FIGURE 3. Case 2. Control electrocardiogram showing a frontal 
plane QRS axis of —45°, a Q wave in lead aVF and a QS com- 
plex in lead V4 with small r waves in leads V2 and V3. 
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FIGURE 2. Case 1. This figure shows a rate-depen- 
dent right bundle branch block associated with right 
precordial Q waves. A, carotid sinus massage (CSM), 
by slowing the sinus rate (B), eliminated both the right 
bundle branch block and Q waves without a significant 
QRS axis change. 


x old inferior myocardial infarction, ÁQRS of —45? and 

"sluggish" r wave progression in the right procordial 
a On her admission, the record (Fig. 4) showed atrial 
fibrillation, indeterminate ÁQRS, acute extensive anterior 
myocardial infarction and right bundle branch block. Ap- 
pearing randomly were “normalized” beats without right 
bundle branch block and precordial Q waves with the 
AQRS and poor r wave progression seen in the control rec- 
ord. 

Forty-five minutes later (Fig. 5) the rhythm was sinus 
with pauses due to periodic nonconducted atrial prema- 
ture beats. The beats following the pauses revealed the 
same intermittent conduction defect as a rate-dependent 
phenomenon: The pathologic Q waves in leads V4 to V3 
disappeared together with the right bundle branch block. 
A few hours later (May 10, Fig. 5) right bundle branch 
block disappeared from all beats, but the rate-dependent 
character of the r wave in leads Vz and V3 was still visi- 
ble. Only minimal shifts in the QRS axis attended these 
changes (see lead aVR). Serial enzvme determinations 
confirmed an acute infarction. The electrocardiogram 
thereafter resembled the control record of April 9. On No- 
vember 5 (Fig. 6), after the patient's discharge, the elec- 
trocardiogram was unchanged (A), even when the heart 
rate was increased. In columns B and C atrial premature 
beats showed recall of the infarction pattern with (C) and 
without (B) the right bundle branch block observed pre- 
viously. 


Summary of Electrocardiographic Findings 


Cases 1 and 2, show (1) an intermittent rate-de- 
pendent conduction defect characterized by tran- 
sient pathologic Q waves in leads V4 to Va; (2) in- 
complete or complete right bundle branch block oc- 
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FIGURE 4. Case 2. Admission electrocardiogram 








showing atrial fibrillation, right bundle branch block 
and abnormal Q waves in the right precordial 
leads. Note the apparently random disappearance 
of both the right bundle branch block and Q waves. 


curring most (but not all) of the time in tandem with 
(1); (3) left axis deviation (anterior fascicular block) 
as a fixed unchanging background to these alter- 
ations; and (4) recall of the intermittent conduction 
defect (and pathologic Q waves) months after the 
initial acute infarction. 

Case 2 shows the recall of the infarction pattern in 
aberrantly conducted atrial premature beats thus 
suggesting that the pattern in this case was less de- 
pendent on dead tissue per se than on a weak point 
in the subjunctional conduction system. 

Additional evidence that aberrant conduction 
alone, in the absence of disease, can be responsible 
for Q(q) waves in right precordial leads is shown in 
the electrocardiogram in Figure 7, in which prema- 
ture atrial contractions in a healthy student pro- 
duced either right bundle branch block or Q waves 
in lead V5. 


Discussion 


Causes of septal focal block: The conduction de- 
fects demonstrated here appear to provide an addi- 
tional cause other than infarction for pathologic Q 
waves in the right precordial leads. Thus, loss of the 
septal vector can conceivably be due to septal infarc- 
tion alone, septal focal block or the two in combina- 
tion. That bundle branch block can occur in acute 





















































FIGURE 5. Case 2. Selected electrocardiographic strips show- 
ing on May 9, a sinus rhythm, the presence of a rate-dependent 
right bundle branch block and right precordial Q waves. Pauses 
following a nonconducted premature atrial contraction normalize 
the intraventricular conduction (see leads V2 and V3) and re- 
store the precordial r waves. 
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FIGURE 6. Case 2. Stad ois standard and precordial leads 
showing in A, sinus rhythm and a QS complex in lead V4. In B, 
a premature atrial contraction produces a QS complex in lead 
V», and in C, an earlier premature atrial contraction determines 
a right bundle branch block and Q waves in leads V to V3. 


myocardial infarction without pathologic change in 
the bundle branch system is attested to by the find- 
ings of Hackel,? who attributed the conduction fail- 
ure to the possible focal effects on conduction tissue 
of the metabolites produced by infarction of neigh- 
boring muscle. The transient development of right 
precordial Q waves in patients with chest pain but 
without enzyme evidence of infarction*:?? could be 
explained on this basis, as can those cases of bona 
fide anteroseptal myocardial infarction in patients 
who exhibit pathologic Q waves only for short peri- 
ods or who manifest them intermittently throughout 
the acute course. It is of interest that there is a rela- 
tively low correlation of Q(q) waves in leads V4 to V4 
with anatomic lesions involving the septum.®>7 
Relation to infarction: It is well recognized that 
the septal vector of the heart is produced by activa- 
tion of the middle third of the septum from left to 


right.8 Since there is small reason to expect that in- 
farction in the ventricular septum will always in- 
clude this salient moiety of muscle, it is clearly pos- 
sible to have septal infarction with the septal vector 
relatively intact, a poor R wave progression notwith- 
standing. The transient development of a QS com- 
plex in leads V4 to V3 in such cases could be ex- 
plained in two ways: that at this time, ischemia has 
rendered the middle third of the ventricular septum 
inexcitable, but not yet dead or, alternatively, that 
there is block in the fibers innervating this portion of 
the septum. Physiologically, these two explanations 
could be regarded as block at different levels: in the 
septal myocardium itself, or in the portion of the 
specialized conduction system that feeds it. 

In patients with poor right precordial r wave am- 
plitude, there is the possibility that the transient de- 
velopment of a QS complex could be due to electrode 
malplacement. In the cases under discussion this 
error was obviated by the routine coronary care unit 
practice of indelibly marking the sites for leads V4 to 
Vs on the skin of every patient on admission. 

Association with left anterior fascicular block 
or right bundle branch block: Although left axis 
deviation was present in Case 1, it did not disappear 
when Q waves disappeared. In Case 2, the axis actu- 
ally shifted further to the left at this time. Its pres- 
ence as a background supports the proposition that 
there was extensive damage to the ramifying left 
bundle branch system. Finally, it should be noted 
that the acute reappearance of septal focal block in 
Case 1 resulted in rehospitalization. Anterior fascic- 
ular block was already present and could not easily 
be regarded as the cause of the fresh infarction pat- 
tern in this case. 

We believe that it would be appropriate and useful 
to add septal focal block to the already defined left 
segmental conduction disturbances, noting that it 
may be seen in combination with fascicular blocks 
and also with right bundle branch block. 

The association of septal focal block with right 
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(lead V2) showing premature atrial contractions producing a 
right bundle branch block and a QS complex (marked with "X") 
at the top and bottom strips, respectively. The QRS duration in 
the QS complex of less than 0.08 second excludes the possibili- 
ty of functional left buncle branch block. 
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bundle branch block in these cases recalls the fre- 
quent coexistence of the latter with anterior fascicu- 
lar block.1 Right bundle branch block combined with 
anterior, posterior or septal focal block may also be a 
reflection of a common, but critically reduced, blood 
supply. This supply may have so diminished the 
margin of safety for impulse propagation that the 
latter may simultaneously fail in both systems on a 
rate-dependent or seemingly random basis. 

The concepts of anterior and posterior fascicular 
block were greatly reinforced by the known occur- 
rence with atrial premature beats of QRS aberration 
of a type other than right bundle branch block and 
which could show at various times right or left axis 
deviation in the frontal plane.! Less easy to explain 
is the aberrant QRS pattern characterized by an ini- 
tial q wave in the right precordial leads. Such pat- 
terns can be noted in the illustrations of Cohen et 
al.? and Rosenbaum et al.!9 These configurations 
must be assumed to represent functional septal focal 
block either alone or in combination with incomplete 
or complete right bundle branch block or with ante- 
rior or posterior fascicular block. 

Functional fascicular block in atrial premature 
beats: It is not generally believed that the particular 
type of functional bundle branch or fascicular block 
seen with atrial premature beats necessarily has a 
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prognostic significance in a given patient. Frequent- 
ly, several types of block may be seen in the same 
tracing, their separate occurrence being a function of 
variations in the previous cycle length and the atrial 
ectopic coupling interval. However, when block of 
intermittent and rate-dependent character is pres- 
ent, atrial premature beats will invariably produce 
the salient conduction disturbance. The recall of the 
pathologic Q(q) waves in Case 2 suggests a related 
mechanism. Although rate-dependent fascicular 
block was not demonstrable in this patient at this 
time, the recall of the q waves must be a manifesta- 
tion of the “weakest link in the chain," that is, the 
septal fibers. This anamnestic type of aberration was 
discussed by Bisteni et al.11 in relation to the known 
ability of ventricular premature beats to recall in- 
farction patterns when the latter, through time and 
healing, have ceased to be evident in sinus beats. 


Addendum 


At the time this manuscript was submitted for 
publication, an editorial appeared in this Journal? 
which discussed the concept of a discrete block in 
the septal ramifications of the left bundle. We fully 
agree with this concept and believe that our cases 
are evidence of the *quadrifascicular" nature of the 
human intraventricular conduction system. 
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Longitudinal dissociation of conduction in the Purkinje system may 
be an important cause of ventricular extrasystoles. This paper re- 
ports the occurrence of longitudinal dissociation in unbranched ca- 
nine false tendons exposed to toxic concentrations of acetylstro- 
phanthidin (6 X 10-? or 1 X 10^? g/ml). Two microelectrodes 
were impaled into false tendons at sites proximal and distal to a 
stimulating electrode located at the base of the Purkinje bundle. Ac- 
tivation time, maximal rising velocity of phase 0, take-off potential 
and action potential configuration were recorded before and during 
superfusion of acetylstrophanthidin. Longitudinal dissociation oc- 
curred in 6 of 25 false tendons and was characterized by the devel- 
opment of either simultaneous activation of the proximal and distal 
cells or by a reversal of the control activation sequence, with activa- 
tion of the distal cell preceding that of the proximal cell. 


Early investigation!:2 and subsequent clinical observations? 9 sug- 
gested that unequal conduction depression and unidirectional block 
in the atrioventricular (A-V) junction were probably responsible for 
the form of reentry giving rise to reciprocal rhythms. Recent experi- 
mental data*-15 support the concept that reciprocation is due to inho- 
mogeneous conduction and unidirectional block with longitudinal 
dissociation within the A-V junction. Furthermore, these physiologic 
data are supported by anatomic studies of the A-V junction.19.19-24 

Similarly, reentry has been proposed as a mechanism of ventricu- 
lar extrasystoles. This hypothesis is supported by recent studies 
demonstrating that asynchrony of conduction,25 marked conduction 
depression and unidirectional conduction?9-?? may occur in the pe- 
ripheral Purkinje system and thus may result in reentry. Longitudi- 
nal dissociation of conduction in the peripheral Purkinje system has 
been suggested as a cause of premature ventricular extrasystoles,39 
but there is no definitive experimental evidence for this kind of in- 
traventricular conduction abnormality. This communication pre- 
sents evidence for the existence of longitudinal dissociation and pre- 
mature reexcitation in unbranched canine false tendons exposed to 
acetylstrophanthidin. 


Methods 


Adult mongrel dogs were anesthetized by intravenous administration of 
sodium secobarbital (30 mg/kg body weight). The hearts were removed rap- 
idly through a lateral thoracotomy incision and placed immediately in 
warm oxygenated Tyrode solution. False tendons lacking visible bifurcation 
were excised from either ventricle along with a minimum of attached myo- 
cardium. These unbranched false tendons were pinned to the floor of a 60 
cc Lucite? muscle chamber. The chamber was superfused continuously with 
Tyrode solution (10 ml/min) gassed with 95 percent oxygen and 5 percent 
carbon dioxide. Temperature was maintained at 37 + 0.2 C. Stimuli were 
applied to the false tendons by 0.005 inch Teflon®-coated platinum wires 
bared at the tip. The bipolar stimulating electrode was perpendicular to the 
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long axis of the false tendon. Control cycle lengths were 
1,000 msec. When automatic rhythms more rapid than the 
stimulus rate appeared, the frequency of stimulation was 
increased to suppress the ectopic beats. Occasionally the 
polarity of the stimulating electrodes was reversed. Con- 
ventional microelectrode techniques were utilized. Data 
were displayed on a Tektronix 564 memory oscilloscope 
and recorded on a Honeywell 7600 analog tape recorder, 
Visicorder paper and Polaroid film. 

Two microelectrodes were impaled into opposing lateral 
margins of the unbranched false tendons at various dis- 
tances proximal and distal to the stimulating electrode, 
and control activation times from the stimulating elec- 
trode to the recording microelectrodes were noted. Then 
acetylstrophanthidin was superfused into the chamber in 
concentrations of 6 X 10-9 or 1 X 10-8 g/ml. 

Longitudinal dissociation was considered present only 
when (1) activation of the proximal and distal cells be- 
came simultaneous, or (2) the order of activation was ac- 
tually reversed with the distal cell being activated before 
the proximal one. Since selective depression of conduction 
along a pathway to the distal cell might occur, simple 
slowing of conduction of a uniform wave front from the 
stimulating electrode to the distal cell might also be ex- 
pected. Thus, only instances meeting the cited criteria 
were accepted as examples of longitudinal dissociation of 
conduction for inclusion in this report. 

Figure 1A depicts schematically the experimental prep- 
aration and control activation pattern of the two moni- 
tored cells. Figure 1, B to D, shows examples of responses 
of conduction to acetylstrophanthidin. Panels B and C il- 
lustrate instances that could be explained by slowed con- 
duction of a single wave front. Panel D shows an example 
of altered conduction resulting in longitudinal dissocia- 
tion. In this circumstance activation of the distal cell pre- 
ceded that of the proximal cell. Similarly, longitudinal 
dissociation was assumed when both cells were activated 
simultaneously. All conduction times from stimulating 
electrode to proximal cell and from proximal cell to distal 
cell were delayed, but the delay was nonuniform, resulting 


TABLE I 


CONTROL 
P 
Ag Jj» 
D 


AFTER ACETYLSTROPHANTHIDIN 








Dp e eme fy 
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FIGURE 1. Diagrammatic representation of experimental design 
and various activation sequences. The false tendon was stimu- 
lated at one end, and activation was monitored by two recording 
intracellular microelectrodes. One microelectrode (P) was im- 
paled anatomically proximal to the stimulating electrode. The 
second microelectrode (D) was anatomically distal to the stimu- 
lating electrode. A, control. B and C, observed patterns of con- 
duction compatible with slowing of a uniform wave front. D, 
slowed conduction to both recording sites with reversal of acti- 
vation times so that the anatomically distal cell is activated be- 
fore the anatomically proximal cell. Longitudinal dissociation of 
conduction was considered present when slowed conduction re- 
sulted in simultaneous activation or actual reversal of activation 
times. See text for discussion. 


in patterns accepted as longitudinal dissociation of con- 
duction. Continuous impalement of both cells was main- 
tained throughout each experiment. 


Results 


Although depression of conduction during superfu- 
sion with acetylstrophanthidin was seen in all 25 ex- 


Electrophysiologic Alterations of Proximal and Distal Cells in Six False Tendons with Longitudinal Dissociation 





Resting 
Experiment Potential (mv) 

no. Cells Control LD Control 

1 APp —105 —55 468 

APd —107 —68 494 

2 APp —94 EST 394 

APd —98 —85 450 

3 APp —95 —58 472 

APd —100 —78 563 

5 APp —90 —58 400 

APd —90 —70 442 

5 APp —93 —63 225 

APd —90 —63 320 

6 APp —95 —74 407 

APd —90 —68 520 


MRV (v/sec) 





Interelectrode 
Activation Time 
Activation (msec) 
Time (msec) (SAPd)-(SAPp) 
LD Control LD Control LD 
26 23 11.0 +1.4 —3.0 
50 3.7 8.0 
260 4.9 5.5 +0.1 —0.3 
390 5.0 52 
173 3.8 27.0 +4.0 —3.5 
364 7.8 23.5 
96 7.6 8.0 +0.8 0.0 
338 8.4 8.0 
87 8.5 10.8 +0.5 —1.6 
90 9.0 9.2 
121 2.4 7.4 +2.5 —0.3 
126 4.5 7A 





APd = distal cells; APp = proximal cells; LD = longitudinal dissociation; MRV = maximal rising velocity; (SAPd) — (SAPp) = inter- 


electrode activation time. 
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periments, longitudinal dissociation, as defined pre- 
viously, was observed in 6 of 25 false tendons. When 
polarity of the stimulus was reversed, no change in 
activation sequence was noted, although a systemat- 
ic study of this possibility was not carried out in all 
25 experiments. Table I summarizes values for rest- 
ing potential, maximal rising velocity and activation 
time obtained during control studies and at the time 


CONTROL CONTROL 
= 
N \ ; 
16 MIN. 15 MIN. 
N N | « 
= = 7s J 
A 
34 MIN. 32 MIN. 


35 MIN. 


Iroa 


n 


25 mV 


41 MIN. 


25mV 
rad 86.7 V/sec. El Ier. 


0.1 sec. masc 

FIGURE 2. Action potentials, phases 0 and first derivatives of 
phases 0 at control and during superfusion of acetylstrophanthi- 
din (1075 g/ml). During control and at 15 minutes, phases 0 
of the action potentials are partially obscured by the derivative 
spikes. The activation sequence can be determined by observ- 
ing the onset of rapid depolarization of the cells. Note the loss 
of resting potential of the proximal (P) cell. At 35 minutes the 
distal (D) cell is activated before the proximal cell. 


longitudinal dissociation occurred in these six false 
tendons. 

Figure 2 depicts action potentials, their phase 0 
and maximal rising velocity in a study in which a 
false tendon was superfused with 10-8 g/ml of 
acetylstrophanthidin. After 15 minutes' exposure to 
the drug, there was a slight decrease in takeoff po- 
tential of both cells from the control magnitudes of 
—105 and —107 mv to —100 and —102 mv, respec- 
tively. Furthermore, the maximal rising velocity of 
the proximal cell diminished from 475 to 400 v/sec. 
After 32 minutes of exposure, resting potential of the 
proximal cell decreased to —75 mv, and there was a 
concomitant diminution of maximal rising velocity 
to 175 v/sec. Conduction time to that cell had pro- 
longed from 2.2 to 2.6 msec. The distal cell demon- 
strated relatively less diminution of resting potential 
and maximal rising velocity (790 mv and 378 v/sec 
from respective control values of —107 mv and 475 
v/sec); activation time to that cell was unchanged 
(3.7 msec). After 35 minutes of exposure, the activa- 
tion sequence was reversed. The distal cell was acti- 
vated first, although significant conduction delay to 
both cells occurred (increased from 3.6 to 8 msec to 
the distal cell and from 2 to 11 msec to the proximal 
cell). Examination of both action potentials at slow- 
er sweep speeds demonstrated that the observed 
changes in conduction to the proximal cell were par- 
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FIGURE 3. Graph illustrating changes in resting potential (RP) 
and maximal rising velocity throughout the experiment shown in 
part in Figure 2. The shaded portion represents changes in the 
proximal cell. The solid line at the bottom of the shaded area in- 
dicates the change in resting potential of the proximal cell. The 
broken line indicates these changes in the distal cell. For both 
cells the height of the bars is proportional to the maximal rising 
velocity for which the calibration is indicated in the right upper 
portion. 
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FIGURE 4. Graph illustrating changes in resting potential (RP) 
and maximal rising velocity during exposure of a false tendon to 
acetylstrophanthidin (6 X 10-? g/ml). Symbols as in Figure 3. 


alleled by a greater degree of generalized depolariza- 
tion of that cell. Furthermore, spontaneous phase 4 
depolarization was eventually present in both 
cells. This finding, when coupled with greater 
generalized depolarization of the proximal cell, 
might favor more pronounced depression of conduc- 
tion to that site. In addition, the early reduction of 
maximal rising velocity of the proximal cell was dis- 
proportionately greater than reduction of resting po- 
tential, thus suggesting that acetylstrophanthidin 
depressed that cell’s membrane responsiveness. Fig- 
ure 3 graphically illustrates the observed changes in 
resting potential and maximal rising velocity during 
the experiment shown in part in Figure 2. 

Figure 4 graphically represents the changes in 
resting potential and maximal rising velocity of two 
cells in false tendon exposed to 6 x 10-9 g/ml of 
acetylstrophanthidin. Although the resting poten- 
tials were equal for the first 10 minutes, maximal ris- 
ing velocity of the proximal cell was reduced from a 
control value of 400 to 300 v/sec and maximal rising 
velocity of the distal cell was reduced from 440 to 
400 v/sec. Thereafter, decrease of resting potential of 
the proximal cell was relatively greater than that of 
the distal cell, and there was a corresponding further 
reduction in maximal rising velocity. 

Changes in activation times are shown in Figure 5. 
Control conduction times to the proximal and distal 
cells were 7.6 and 8.4 msec, respectively. After 20 
minutes' exposure to the drug, conduction time to 
both cells was 8 msec; thereafter, activation times 
were further prolonged but remained simultaneous, 
thereby implicating longitudinal dissociation of the 
advancing wave fronts. These data show that in the 
proximal cell the drug induced an early reduction in 


maximal rising velocity disproportionate to the slight 
decrease in resting potential, thus suggesting a pri- 
mary alteration of membrane responsiveness of that 
cell. 

Premature action potentials (ectopy): During 
the course of these experiments, frequent premature 
action potentials were noted. These action potentials 
often occurred in the absence of spontaneous diastol- 
ic depolarization in the recorded cells. In addition, 
the ectopic impulses were recorded only when there 
was coexisting severe conduction depression, and the 
premature impulses were accurately coupled to the 
preceding stimulated action potentials. Furthermore, 
suppression of the premature impulses often oc- 
curred when the driving frequency was temporarily 
increased. Figure 6 represents an example of such 
ectopy. Before administration of acetylstrophanthi- 
din, a tight ligature had been placed around the Pur- 
kinje bundle distal to cell D producing complete fail- 
ure of conduction across the ligature. In Figure 6A 
the first and last pairs of action potentials were con- 
sequent to the driving stimulus. The middle pair oc- 
curred prematurely and spontaneously. Spontaneous 
phase 4 depolarization was absent. Moreover, the 
action potential amplitude and duration of phase 2 
of the proximal cell (P) were less than those of the 
distal cell (D). This finding suggests that the proxi- 
mal cell was preferentially affected by the drug. Fig- 
ure 6B shows the activation sequence of the stimu- 
lated action potentials (AP;, AP2) and the subse- 
quent premature action potentials (AP3, AP4). Con- 
duction to the proximal cell (P) was greatly slowed 
(AP), the distal cell (D) being activated first (AP2). 
This reversed activation sequence was the result of 
longitudinal dissociation of conduction. The sponta- 
neous premature impulse had a normal activation 
sequence, the proximal cell (AP3) being activated 
before the distal cell (AP4). At this stage of acetyl- 
strophanthidin administration spontaneous phase 4 


DISTAL CELL 


ACTIVATION TIME (msec) 





0 5 10 15 20 25 
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FIGURE 5. Changes in activation times of the proximal and dis- 
tal cells during the experiment shown in Figure 4. 
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FIGURE 6. An example cf longitudinal dissociation with prema- 
ture reexcitation during superfusion of acetylstrophanthidin. A, 
slow speed recording. The first and last pair of action potentials 
were stimulated. The middle pair was spontaneous. B, rapid 
speed record of action potentials 1 to 4 demonstrating that the 
distal cell (D) was activated before the proximal cell (P) during 
basic stimulation. Activation of the distal cell (AP2) preceded 
that of the proximal cell (AP4). During spontaneous premature 
activation, depolarization of the proximal cell (AP3) occurs be- 
fore that of the distal cell (AP4). AP3 arises from a low ampli- 
tude prepotential. C, diagrammatic representation of a possible 
route of excitation to explain the activation sequence. See text. 


depolarization was not present in the recorded cells 
as can be seen by inspection of the steady diastolic 
potentials of activations 1, 2 and 4. The apparent re- 
duction in diastolic transmembrane potential of im- 
pulse 3 occurred because phase 0 of this premature 
action potential interrupted a prepotential. Thus, 
the site of reflection of the impulse giving rise to the 
premature action potentials was thought to be be- 
tween the two recording microelectrodes so that the 
proximal cell was activated first. This possibility is 
diagrammed in Figure 6C. 


Discussion 


The possibility of inhomogeneous conduction in a 
linear unbranched pathway is not new. As proposed 
by Schmitt and Erlanger,? unidirectional block in a 
portion of the pathway permits distal activation by 
way of the unblocked segment with retrograde pene- 
tration of and propagation through the region 
blocked to orthograde conduction. Current concepts 
of longitudinal dissociation of conduction do not dif- 
fer qualitatively from this early description; however, 
in our study it was necessary to define longitudinal 
dissociation more rigidly. Longitudinal dissociation 
was defined as conduction depression mainly to the 
proximal recording site or to both sites, resulting in 
simultaneous or reversed activation sequence. Only 
in this circumstance could one suggest that the im- 


paled cells were activated by way of two function- 
ally separate pathways and that the pathway to the 
distal cell was less affected by acetylstrophanthidin. 

Microscopic studies suggest that the common bun- 
dle of His is composed of longitudinally oriented 
Purkinje strands that are largely separated from 
each other by collagen septa.19.2* These septa persist 
into the false tendons.!? Thus, although unbranched 
false tendons appear macroscopically as single con- 
ducting pathways, the microanatomic structure 
suggests that a false tendon might contain several 
pathways. It is conceivable that these separate spe- 
cialized conducting subunits might conduct an im- 
pulse at different speeds because of geometrical dif- 
ferences or inhomogeneous exposure to pharmacolog- 
ic, physiologic, or pathologic interventions known to 
alter conduction velocity. The possible occurrence of 
differental sensitivity of the cells to digitalis would 
also contribute to differential effects on conduction. 

Mechanisms of longitudinal dissociation of con- 
duction: The precise mechanisms whereby longitu- 
dinal dissociation of conduction is initiated and 
maintained in a false tendon are not known. Never- 
theless, if normal conduction along a false tendon 
proceeds as a uniform advancing wave front, then 
the development of nonuniform conduction suggests 
alteration of active or passive properties of cell mem- 
branes comprising the various routes of activation 
within the false tendon. Therefore, the simplest ex- 
planation for the occurrence of longitudinal dissocia- 
tion of conduction in our experiments is that al- 
though the false tendons contained no grossly sepa- 
rate conducting pathways, functional separation of 
partially isolated conducting pathways within the 
false tendon was induced by acetylstrophanthidin. 
When the pathway to the proximal cell was more se- 
verely affected than that to the distal cell so that ac- 
tivation of the distal cell was simultaneous with or 
preceded activation of the proximal cell, then longi- 
tudinal dissociation of conduction, as defined for this 
study, was present. 

Our experiments confirm the well known observa- 
tions that digitalis may induce a reduction of resting 
potential?! and a depression of membrane respon- 
siveness?? of Purkinje cells. Our findings indicate 
that these changes, both of which may slow conduc- 
tion,33 may be manifest primarily in the proximal 
cell. Toxic levels of strophanthin have been re- 
ported?* to reduce membrane resistance. Further- 
more, the space constant is directly proportional to 
membrane resistance.35 Insofar as the homogeneity 
of the membrane space constant is important in 
maintaining a homogeneous propagating wave front 
by its effect on the density of the surrounding 
electrotonic field,* then a decreased space constant 
would result in a reduced electrotonic interaction 
among adjacent cells. This would be especially true 
of transverse electrotonus which, even in control 


* P = Poe — x/X, where P is the potential at a distance x 
from a point where P = Po. À is the space constant.3& 
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states, is significantly less dense than the longitudi- 
nally oriented field.37 Therefore, an untested but 
plausible explanation for the occurrence of longitudi- 
nal dissociation due to digitalis is that the drug, by 
reducing transmembrane potential, membrane re- 
sponsiveness or membrane resistance, causes a re- 
duction in the space constant which, in turn, reduces 
electrotonic interaction among adjacent cells. Thus, 
neighboring cells may become electrically more inde- 
pendent of each other, allowing different conduction 
speeds in proximate false tendon subunits. 

It is possible that reversal of activation of the 
proximal and distal cells might occur even if there 
were only a single conducting pathway. A recent 
study? has demonstrated that the rapid phase of 
depolarization of a cell distal to a site of depressed 
conduction may occur before the rapid upstroke of a 
cell within the area of slowed conduction. In these 
experiments one or both of the rapid depolarizations 
interrupted a low amplitude, slowly rising prepoten- 
tial. For such an activation sequence to occur in a 
single conducting pathway, one must postulate that 
the low voltage response is capable of propagation to 
a more excitable cell that responds to this stimulus 
with a normal action potential. This action potential 
would then excite in retrograde fashion the rapid up- 
stroke within the depressed segment. However, in 
our experiments reversal of activation of the impaled 
cells did not depend upon the presence of such sub- 
threshold responses. Furthermore, circumscribed 
areas demonstrating more or less uniform conduction 
depression interposed between relatively normal 
areas would be unlikely since the entire preparation 
was exposed to the superfusant. 

Premature action potentials and reentry: Spon- 
taneous, premature action potentials were noted fre- 
quently. They occurred in the presence or absence of 
longitudinal dissociation or significant spontaneous 
diastolic depolarization, but severe depression of 
conduction was invariably present. These premature 
action potentials were accurately coupled to the pre- 
ceding stimulated action potentials and could be 
abolished by a temporary increase in stimulus fre- 
quency. However, a recent report?’ describes accu- 
rately coupled premature action potentials that were 


not reentrant. In these studies the premature excita- 
tion occurred upon cessation of the driving stimulus. 
In our experiments, the driving stimulus was unin- 
terrupted. 

We are unaware of any way of proving definitively 
that reentry is responsible for prematurity, even with 
many simultaneous intracellular recordings. Never- 
theless, the false tendons were exposed to a drug 
that induces depression of conduction,?* a circum- 
stance shown to contribute importantly to the gene- 
sis of reentrant reactivation.2® Furthermore, in our 
experiments, the premature ectopic impulses often 
occurred when spontaneous phase 4 depolarization 
was not present in the recorded cells. Additionally, 
we chose driving cycle lengths that prevented accel- 
erated escape action potentials. Increasing the driv- 
ing rate above this frequency often diminished the 
numbers of premature impulses, another phenome- 
non considered to be compatible with reentry.?8 
Other possible causes of prematurity such as “‘pro- 
tected" escape foci exhibiting frequent exit block, 
negative afterpotentials or summation of early sub- 
threshold stimuli, although not recorded in the im- 
paled cells, cannot be excluded. However, our data 
pertaining to premature reactivation are most con- 
sistent with the hypothesis of reexcitation due to re- 
entry. 

It is probable that the extent of longitudinal disso- 
ciation was insufficient to allow the distal muscle 
mass to be activated twice, once by the more rapidly 
conducting impulse, then again by the slower one. 
Nevertheless, should longitudinal dissociation begin 
in the proximal portion of a longer pathway, the 
asynchrony of conduction of a single stimulus in the 
subunits of that pathway might conceivably be wide 
enough to excite the distal muscle twice. In our ex- 
periments it is likely that the depressed, inhomo- 
geneous conduction induced by acetylstrophanthidin 
permitted reflection of a slowly propagating wave 
front, thereby giving rise to premature reexcitation. 
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Thirty-one patients with the bradycardia-tachycardia syndrome treat- 
ed with permanent ventricular pacemakers were studied. All were 
symptomatic before pacemaker insertion, and their symptoms were 
not controlled with drug therapy alone. Bradycardia and tachycardia 
associated with multiple arrhythmias were present in all cases; heart 
rate was less than 40 beats/min in 58 percent of patients and more 
than 140 beats/min in 71 percent. Conduction abnormalities were 
present in 61 percent. 

After insertion of a demand pacemaker, 27 patients (87 percent) 
were symptom-free for 1 month to 5 years. Although four patients 
with a normally functioning pacemaker continued to have recurrent 
arrhythmia, the presence of a pacemaker facilitated further pharma- 
cologic treatment of the disturbance. Pacemaker insertion has been 
found to be a satisfactory method of treating the symptoms and pre- 
venting the recurrence of arrhythmias in patients with the bradycar- 
dia-tachycardia syndrome by allowing the use of digitalis and other 
antiarrhythmic agents. 


The treatment of bradycardia and syncope with pacemaker insertion 
has become an established technique in the management of Stokes- 
Adams attacks. Previous studies of the indications for pacemaker in- 
sertion have revealed that profound bradycardia or sinus arrest sec- 
ondary to abnormalities of the sinus node is present in an impressive 
number of cases.1-2 Frequently the bradycardia is accompanied by 
recurrent supraventricular arrhythmias.?? This disorder has been 
termed the bradycardia-tachycardia syndrome and is considered part 
of a group of disorders resulting from inadequate functioning of the 
sinus node ("sick sinus” syndrome).19-13 This study reviews the case 
histories of 31 patients with the bradycardia-tachycardia syndrome _ 
with regard to initial symptoms, associated electrocardiographic ab- 
normalities, therapy and clinical course after insertion of a ventricu- 
lar demand pacemaker. 


Material 


The records of approximately 500 patients treated with a permanent ven- 
tricular pacemaker at this hospital were reviewed to identify patients with 
the bradycardia-tachycardia syndrome who underwent pacemaker insertion. 
Diagnosis of the bradycardia-tachycardia syndrome required documented 
electrocardiographic evidence of sinus bradycardia associated with episodes 
of supraventricular tachycardia. Patients who experienced a myocardial in- 
farction in the 12 months preceding development of the bradycardia-tachy- 
cardia syndrome were eliminated from the study. The records of 31 patients 
who met these criteria were analyzed with respect to clinical history, indi- 
cations for pacemaker insertion and subsequent clinical course. Follow-up 
information pertaining to patients after hospital discharge was obtained by 
direct questioning of patients and their private physician. 
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TABLE I 
Classification of 31 Patients 


Male 
Female 
Average age (yr) 
Age range (yr) 
50-60 
61-70 
71-80 
81-90 
Duration of symptoms (yr) 
Less than 1 
1to5 
More than 5 
Follow-up (mo) 
Less than 12 
12 to 23 
24 to36 
More than 36 
Deaths 


TABLE II 


Symptoms Before Pacemaker Insertion 


Syncope or dizziness alone 
Palpitations alone 


Syncope or dizziness + palpitations 
Syncope or dizziness + fatigue or weakness 
Fatigue or weakness + palpitations 
Syncope or dizziness + fatigue or weakness 


+ palpitations 





TABLE Ill 
Range of Heart Rates Before Pacemaker Insertion 











Patients 


Patients 


no. 


% 


Results 


Table I lists the characteristics of the study group. 
Of the 31 patients, 18 were male and 13 female. 
Their ages ranged from 55 to 86 years. Fifty percent 
were in the seventh decade, and the average age was 
71 years. 

Etiology: Coronary artery disease based on a his- 
tory of angina pectoris, myocardial infarction or elec- 
trocardiographic findings was the most common sin- 
gle factor in the study group and was present in 15 
patients (48 percent). Hypertension was present in 7 
(22.5 percent), diabetes in 6 (19 percent) and rheu- 
matic heart disease in 3 patients (10 percent). Thir- 
teen patients (42 percent) had associated abnormal 
conditions, including pulmonary embolism in 2, pul- 
monary parenchymal disease in 5, neoplastic disease 


in 3, parathyroid adenoma in 2 and gout in 1. Eight 


patients had no associated abnormal clinical condi- 
tions. 

Symptoms: Table II lists the symptoms present 
on admission. Syncopal episodes or dizziness was 
noted in 20 (64 percent), generalized weakness or fa- 
tigue in 16 (51 percent), palpitations in 26 (84 per- 
cent), angina in 15 (48 percent) and congestive heart 
failure in 14 (45 percent). Syncope or dizziness oc- 
curred only in the presence of bradycardia in 5 pa- 
tients, during tachycardia in 7 and during both bra- 
dycardia and tachycardia in 19. 

Anginal attacks occurred with bradycardia in 
three patients, with tachycardia in four and in the 
presence of both rapid and slow heart rates in eight. 
Symptoms relating to the bradycardia-tachycardia 
syndrome were present in 15 patients for more than 
5 years (Table I). 

Electrocardiographic findings: All patients expe- 
rienced episodes of both bradyarrhythmias and 
tachyarrhythmias (Table III), with 18 (58 percent) 
having a heart rate of less than 40 beats/min and 22 
(71 percent) having a rate greater than 140 beats/ 
min. Sinus bradycardia was noted at some time in 
all patients (Table IV). Marked sinus arrhythmia 
was seen in 12 (39 percent), sinus arrest in 9 (29 per- 
cent), supraventricular tachycardias in 10 (32 per- 
cent), atrial flutter in 14 (45 percent) and atrial fi- 
brillation in 19 (61 percent). Junctional escape beats 
or junctional premature beats were found in 19 (61 
percent) and 4 (13 percent) patients, respectively. 
Ventricular premature beats were seen in 11 patients 
(35 pereent), and ventricular tachycardia was noted 
in 2. In four cases tachycardia recurred as a result of 
atrial fibrillation after insertion of the pacemaker. 

Conduction defects were present in 19 (61 percent) 
of the 31 patients (Table V), intraatrial conduction 
defects were noted in 14 (45 percent), first degree 
atrioventricular (A-V) block in 7 (22.5 percent), left 
anterior hemiblock in 8 (26 percent) and complete 
right bundle branch block in 5 (16 percent). 

Electrocardiographic evidence of previous myocar- 
dial infarction was present in five patients, two with 
involvement of the inferior wall and three with in- 


Patients 

Heart Rate (beats/min) no. 96 
Bradycardia 

25-30 5 16 

31-40 13 42 

41-50 12 39 

51-55 1 3 

Total 31 100 
Tachycardia 

100-120 1 3 

121-140 8 26 

141-160 15 48 

161-180 3 10 

180-200 4 13 

Total 31 100 
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TABLE IV 


Arrhythmias and Conduction Abnormalities Before 
Pacemaker Insertion 


Patients 
no. % 
Conduction abnormalities 

Intraatrial conduction defect 14 45 
1° A-V block 7 22.5 
2° A-V block 1 3 
Left anterior hemiblock 8 26 
Complete right bundle branch block 5 16 
Bilateral bundle branch block 3 10 
Intraventricular conduction defect 2 6.5 


Arrhythmias 


Sinus bradycardia 31 100 
Sinus arrest 9 29 
Sinus arrhythmias 13 42 
Wandering atrial pacemaker 3 10 
Atrial premature contractions 15 48 
Sinus tachycardia 3 10 
Supraventricular tachycardia 10 32 
Atrial tachycardia 7 22.5 
Atrial flutter 14 45 
Atrial fibrillation 19 61 
Junctional escape beats 19 61 
Junctional premature beats 4 13 
Junctional tachycardia 7 22.5 
Ventricular premature contractions 11 35 


Ventricular tachycardia 2 6.5 


volvement of the anterior wall. Nonspecific S-T seg- 
ment and T wave changes were noted in 26 cases. 

Therapy: On admission, 25 of the 31 patients 
were receiving some pharmacologic therapy for the 
bradycardia-tachycardia syndrome (Table VI). An- 
tiarrhythmic agents either alone or in combination 
with digitalis were prescribed for 19, digitalis for 22. 
In all cases the insertion of a demand ventricular 
pacemaker was required because the pharmacologic 
agents were ineffective in controlling the arrhyth- 
mias. The indications for pacemaker insertion in 24 
patients were recurrent episodes of syncope, dizzi- 
ness or fainting. Two patients also had severe con- 
gestive heart failure necessitating digitalization in 
the presence of bradycardia and conduction abnor- 
malities; both underwent pacemaker insertion so that 
digitalis could be safely administered. Seven patients 
with palpitations alone required the pacemaker to 
permit an increase in the dose of antiarrhythmic 
agents. 

Pacemaker insertion was accomplished without 
difficulty in all patients. Upon discharge, 29 patients 
were treated with digitalis either alone (14 patients) 
or in combination with an antiarrhythmic agent (15 
patients). 

Follow-up studies: The duration of follow-up 
studies ranged from 1 month to 5 years; 16 patients 
(52 percent) were followed up for 1 year, 8 (26 per- 


TABLE V 


Conduction Abnormalities 


Patients 
Abnormality (no.) 
Intraatrial conduction defect 
Alone 6 
+ 1? A-V block 2 
+ Left anterior hemiblock 1 
+ Complete right bundle branch block 1 
+ Left anterior hemiblock with 2 


complete right bundle branch block 
+ 1? A-V block with 1 
left anterior hemiblock and 
complete right bundle branch block 
+ 1° A-V block with 1 
intraventricular conduction disturbance 
1° A-V block 3 
Left anterior hemiblock- 2 
Alone 1 
+ intraventricular conduction disturbance 1 
Complete right bundle branch block 1 





TABLE VI 
Drug Therapy in 31 Cases 


L——— ——————— 


Pacemaker Insertion 








Before After 
Drug no. % no. % 
Iu We LUE Nu Be ee 
None 6 19 1 3 
Digitalis 22 7 29 94 
Alone 5 E 14 sd 
With antiarrhythmic 

agents 17 Pam 15 sae 
Antiarrhythmic agent alone 2 6.5 1 3 
Belladonna compound 1 3 0 0 


oe re io 


cent) for 2 years, 6 (19 percent) for 3 years and 1 (3 
percent) for 5 years. Twenty-seven of the 31 patients 
were free of symptoms secondary to the bradycardia- 
tachycardia syndrome for the duration of the follow- 
up period. Six of these patients required readmission 
to the hospital for pacemaker malfunction; and two 
of these experienced recurrent tachyarrhythmias 
until malpositioning of the electrode tip in the apex 
of the right ventricle was corrected. 

Four of the 31 patients had recurrent tachyar- 
rhythmias in the presence of normal pacemaker 
function and required readmission to the hospital. 
The arrhythmia was atrial fibrillation in three and 
ventricular tachycardia in one. The atrial fibrillation 
was readily controlled by increased doses of digitalis; 
the ventricular tachycardia was controlled with car- 
dioversion and institution of antiarrhythmic therapy. 
There were no subsequent manifestations of the bra- 
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dycardia-tachycardia syndrome in these patients 
after the initial recurrence. 

At present, 4 patients have been lost to follow-up 
study; 23 are alive and free of symptoms relating to 
the bradycardia-tachycardia syndrome. Four pa- 
tients died: two from pulmonary embolism, one from 
an acute myocardial infarction and one from meta- 
static gastric carcinoma. 


Discussion 


Clinical abnormalities related to dysfunction of 
the sinoatrial node were first reported by Macken- 
zielt in 1902 and later by Eyster and Evans.9 Las- 
lett15 published the earliest report of Adams-Stokes 
attacks associated with sinus bradycardia and his 
findings were later confirmed by others.1612 The 
term "sick sinus" syndrome originally used by 
Lown?? and subsequently described by others19.11.13 
can be considered to encompass: (1) severe sinus 
bradycardia associated with carotid sinus hypersen- 
sitivity; (2) episodic sinus arrest resulting in either 
escape rhythms or asystole; (3) persistent unex- 
plained marked sinus bradycardia; (4) inability of 
the sinus node to resume firing after cessation of 
paroxysmal tachycardia, atrial pacing or after elec- 
trical cardioversion; (5) marked sinus bradycardia 
alternating with supraventricular, nodal or ventricu- 
lar tachycardias. This last group of disorders was de- 
fined by Short?? in 1954 and is currently termed the 
bradycardia-tachycardia syndrome. However, as 
early as 1946 Laake?! described a case of paroxysmal 
atrial tachycardia occurring with sinoatrial block. 

In our series of 31 patients with the bradycardia- 
tachycardia syndrome all were symptomatic, and 64 
percent had syncope or dizziness. This incidence is 
comparable to that reported by other investiga- 
tors11-15; Rubenstein et al.!! noted these symptoms in 
40 of 56 patients with "sick sinus" syndrome, and 
Fowler et al.1® discussed them extensively in their re- 
port of 6 cases. The syncope is generally associated 
with a sudden change in heart rate.16 In our patients 
the syncopal attack occurred most frequently at the 
time of spontaneous conversion of tachycardia to 
bradycardia; it was associated with a prolonged period 
of sinus arrest and the failure of cardiac pacemakers 
located low in the conduction system to commence 
firing. Recent electrophysiologic studies utilizing 
atrial pacing have shown prolonged periods of asystole 
after cessation of pacing indicating marked depres- 
sion of sinus nodal function.22-26 

Mandel et al.?3 studied sinoatrial nodal function 
in 46 patients, 3 of whom had the “sick sinus" syn- 
drome and a greater degree of sinoatrial nodal de- 
pression (4,732 + 415 msec) than normal patients 
(1,041 + 56 msec). Rosen et al.?* studied 15 patients 
with symptomatic sinus node disease, and 4 had de- 
pression of cardiac automaticity demonstrated by 
asystolic periods greater than 2 seconds after sudden 
cessation of atrial pacing at rates of 100 to 160 beats 
/min. Narula et al.?5 studied sinus nodal function in 
96 patients (28 normal and 28 with bradycardia) by 


analyzing the sinus recovery time and the corrected 
sinus recovery time. They found that 16 of the 28 pa- 
tients with bradycardia had a prolonged corrected 
sinus recovery time that was usually directly propor- 
tional to the rate and duration of atrial pacing. 
Other authors have confirmed this observation.26 


Etiology 


The exact origin of the bradycardia-tachycardia 
syndrome is still unknown. In our series 70 percent of 
patients had evidence of vascular disease, with coro- 
nary artery disease seen in 48 percent and hyperten- 
sion in 22.5 percent; however, 25 percent had no as- 
sociated abnormal medical conditions. This is simi- 
lar to the experience reported by others.*:11 In view 
of the diverse clinical conditions in this series as well 
as the advanced age of the patients it is possible that 
the bradycardia-tachycardia syndrome was related 
in some cases to degenerative changes secondary to 
the aging process in the heart.27 The sinoatrial node 
is particularly vulnerable to vascular changes associ- 
ated with aging, receiving its blood supply from a 
single artery that also supplies the atria. An occlu- 
sion or narrowing of this vessel might explain the 
atrial conduction abnormalities also noted in the 
bradycardia-tachycardia syndrome. 


Associated Conduction Disturbances 


Although it was not possible to provide continuous 
monitoring for all patients who were hospitalized, we 
documented many conduction abnormalities, includ- 
ing intraatrial conduction defect in 45 percent, first 
degree A-V block in 22.5 percent and block of one or 
more bundle branch fascicles in 29 percent. Ventricu- 
lar arrhythmias were infrequently seen; ventricular 
tachycardia occurred in only 2 patients. 

The correlation of conduction abnormalities with 
bundle of His recordings has been reported. Rosen et 
al.?4 noted the development of P-H and P-R prolon- 
gation and second degree A-V block with atrial pac- 
ing at heart rates of less than 130 beats/min in 8 of 
13 patients. Narula?$ in a study of 75 cases of sinus 
bradycardia found A-V conduction abnormalities in 
67 percent, with associated prolongation of the H-V 
interval in some instances. 


Treatment 


Treatment of the bradycardia-tachycardia syn- 
drome by pharmacologic means has been unreward- 
ing in our experience and that of others.11.16.29 In- 
deed, the depression of cardiac pacemakers and A-V 
conduction caused by digitalis or antiarrhythmic 
agents may result in marked bradycardia and syn- 
cope after reversion of the tachycardia to normal 
rhythm.11.16 For this reason, we now consider pace- 
maker insertion the definitive form of treatment for 
the bradycardia-tachycardia syndrome. 

In 1967 Cohen et al.39 from this laboratory re- 
ported the use of transvenous ventricular pacing in a 
patient with the bradycardia-tachycardia syndrome. 
Subsequent reports of individual cases or small series 
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have confirmed the effectiveness of pacing in the 
management of this syndrome.11.13.31-36 Although 
atrial pacing has been also recommended in sinus 
node disease,?7.38 the high incidence of A-V conduc- 
tion defects?4.28 favors the use of ventricular or bifo- 
cal pacemakers. 

All of our patients underwent uneventful perma- 
nent pacemaker insertion, and 27 (90 percent) had 
subsequent control of tachyarrhythmias and relief of 
symptoms. Complications relating to pacemaker 
malfunction were noted in six (19 percent). This is 
comparable to the 26 percent incidence of late pace- 
maker complications reported previously by workers 
from this institution3? and by others.*? Four patients 
had recurrent attacks of tachyarrhythmia. In all 
these cases control of the arrhythmia was achieved 
without difficulty and no subsequent recurrence was 
noted. Comparison of the clinical profile of these 4 
patients with that of the 27 patients without a recur- 
rence shows that the former had a higher incidence 
of atrial disease manifested by the appearance of 
atrial fibrillation (100 percent vs. 55 percent), fewer 
conduction abnormalities (25 percent vs. 66 percent) 
and no associated abnormal medical conditions. The 


small size of this group does not allow statistically 
significant conclusions to be drawn. 

Complications related to the bradycardia-tachy- 
cardia syndrome before pacemaker insertion includ- 
ed cerebral vascular accidents (two patients) and 
transient cerebral ischemic attacks (three patients) 
that were probably related to bradycardia or synco- 
pal episodes. Although systemic emboli associated 
with cerebral vascular accidents have been reported 
as complications of the bradycardia-tachycardia syn- 
drome,11.20.22 the small number and the advanced 
age of our patients make it difficult to establish a 
definite relation. In addition, the early insertion of a 
ventricular pacemaker in all cases did not allow for a 
prospective study with regard to the complications of 
this syndrome. 

During the follow-up period four patients (13 per- 
cent) died: two with pulmonary emboli, one with a 
myocardial infarction and one with metastatic carci- 
noma. Four patients were lost to follow-up study. Of 
the 23 patients who have been followed up for 5 
years after pacemaker insertion, all are presently 
doing well and have not had a recurrence of the bra- 
dycardia-tachycardia syndrome. 
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Fifty-two patients with sinoatrial disturbances causing syncope, dizzy 
spells, heart failure or predisposition to ventricular tachyarrhythmias 
were treated with permanent cardiac pacing between January 1966 
and June 1970. They were followed up from 12 to 60 months. The 
rhythm disorders treated with permanent pacer implantation were: 
(1) sinus bradycardia (27 patients); (2) sinoatrial block or arrest (10 
patients); (3) brady-tachyarrhythmia syndrome (11 patients); and 
(4) sinus bradycardia with ventricular tachyarrhythmia (4 patients). 
Forty-seven patients had ventricular and 5 had coronary sinus pace- 
makers. Two of the five patients with coronary sinus pacemakers 
subsequently required ventricular pacing because of failure of the 
coronary sinus electrode to capture the atrium. One patient died 3 
weeks after pacemaker implantation because of renal failure. Eleven 
others died of natural causes 3 to 38 months after implantation of 
the pacemaker. Long-term pacemaker complications such as perfo- 
ration of the right ventricle, displacement or fracture of the pacing 
electrode, infection at the site of the powerpack and raised threshold 
were observed in nine patients. Syncopal or near syncopal episodes 
were abolished in 32 of 35 patients, chronic congestive heart failure 
was alleviated in 7 of 12 patients, and recurrent ventricular tachyar- 
rhythmias were controlled in 3 of 4 patients by pacing and antiar- 
rhythmic agents. We conclude that permanent ventricular pacing is 
an effective therapeutic approach in sinoatrial disturbances causing 
symptoms such as syncope, dizzy spells, brady-tachyarrhythmia 
syndrome, heart failure or recurrent ventricular arrhythmias. 


Sinoatrial disturbances can give rise to sinus bradycardia, sinoatrial 
block, brady-tachyarrhythmia syndrome and sinus bradycardia with 
ventricular arrhythmias. Sinus bradycardia has been considered a 
benign arrhythmia. However, persistent sinus bradycardia in which 
the ventricular rate fails to increase during exercise or after adminis- 
tration of atropine or isoproterenol is a potential problem. In recent 
years several authors!:? have reported a significant incidence of syn- 
cope and classic Stokes-Adams attacks due to prolonged periods of 
bradycardia or asystole caused by transient sinoatrial block or sinus 
arrest. Fatigue, palpitations and heart failure have also been de- 
scribed. Some patients may exhibit alternating sinus bradycardia 
and supraventricular tachyarrhythmias.* These patients may present 
with episodes of syncope, light-headedness, increasing heart failure 
or embolic phenomena. Drug therapy in brady-tachyarrhythmia is 
often unsatisfactory on a long-term basis.* The relative facility and 
ease of permanent transvenous pacing? has now provided an alternate 
means of treating these dysrhythmias, but there are few published 
data on the results of long-term pacing. This study reports our expe- 
riences with 52 patients with symptomatic sinoatrial disturbances 
treated by permanent pacemaker implantation. The follow-up period 
ranged from 1 to 5 years. 
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FIGURE 1. Age and sex distribution of 52 patients. The majority 


of the patients, 21 men and 12 women, were in eighth decade. 


Material and Methods 


All patients were referred because of syncope, dizziness, 
heart failure or arrhythmia associated with sinoatrial dis- 
turbanees. The latter arrhythmias did not respond to ap- 
propriate drug therapy. Fifty-two patients were treated 
with permanent pacemakers between January 1966 and 
June 1970. Their subsequent clinical course was followed 
up to June 1971, thus giving a minimal follow-up duration 
of 12 months for each of the surviving patients. The age 
and sex distribution is shown in Figure 1. The majority of 
patients (33 of 52) were in the eighth decade. The youn- 
gest patient was 54 years and the oldest 89 years of age. 

The underlying primary cardiac diagnoses and associ- 
ated significant medical conditions at the time of pace- 
maker implantation are shown in Table I. Although 38 of 52 
patients suffered from arteriosclerotic heart disease, we do 
not imply that disorders of the sinoatrial node are caused by 
atherosclerosis. The predominant clinical indications and 
sinoatrial rhythm disturbances necessitating pacemaker 
implantation are summarized in Tables II and III. Table IV 
shows the associated conduction defects and rhythm dis- 
orders observed in these subjects. Acute myocardial infarc- 
tion was ruled out by appropriate studies in each instance. 
Sinoatrial disturbances were associated with use of digitalis 
in seven patients. However, since digitalis was needed for 
treatment of congestive heart failure, both pacemaker and 
drug therapy were required. Other causes of syncope or 
dizzy spells such as cerebrovascular insufficiency, neuro- 
logic diserders or diseases of the ear were excluded clini- 
cally. 

Atrial pacing is preferred to ventricular pacing to pre- 
serve atrial contribution to cardiac output. However, atri- 
al pacing can be carried out only if atrioventricular con- 
duction is intact and if atrial arrhythmias are absent. The 
state of atrioventricular conduction was, therefore, deter- 
mined by atrial pacing and His bundle electrograms.® 
Sinus nodal function was also evaluated by determination 
of sinus nodal recovery time.7.8 

All patients were paced by the pervenous pacing tech- 
nique. Ventricular pacing was performed with a Cordis 
standby generator in 12 patients, a Medtronic demand 
unit in 32 patients and a demand Stanicor unit in 3 pa- 
tients. Atrial pacing by means of an electrode placed in 
the coronary sinus was used in five patients. Fixed rate 


TABLE | 


Primary Cardiac Diagnoses and Associated Conditions in 52 
Patients with Sinoatrial Disturbances 





Patients* 
Diagnosis (no.) 





w 
oo 


Arteriosclerotic heart disease 
Rheumatic valvular heart disease 
Hypertensive heart disease 
Digitalis-related disturbances 
Diabetes mellitus 
Hyperthyroidism 

Renal failure 

Chronic obstructive lung disease 
Heart disease of unknown origin 


Q CO) n9 Q0 4 - 00 


m" 





* Several patients had more than one associated condition. 


TABLE Il 
Predominant Clinical Indication for Pacemaker Insertion 








Patients 
Indication (no.) 
Syncope 15 
Dizziness or near syncope 21 
Heart failure 12 
Suppression of ventricular 4 
tachyarrhythmias 
Total 52 





TABLE Ill 
Rhythm Disorders* Treated by Pacemaker Implantation 








Patients 
Condition (no.) 

Sinus bradycardia 27 

Rate <45/min 19 

Rate 45-60/min 8 
Sinoatrial block or arrest 10 
Brady-tachyarrhythmia syndrome 11 
Drug-resistant ventricular arrhythmias 4 

associated with sinus bradycardia 

Total 52 





* Since some patients exhibited more than one rhythm dis- 
order only the dominant rhythm disorder is tabulated. 


coronary sinus pacing was carried out in two of the latter 
patients and demand atrial pacing in three. 

Follow-up studies: A note was made of the generator 
model and capacity, type of electrode catheter, pacemaker 
spike interval, threshold measurement and radiologic po- 
sition of the electrode catheter before patients were dis- 
charged from the hospital. Patients were followed up ei- 
ther at the pacemaker clinic or in the physician’s office at 
6 month intervals to 12 months after implantation, 3 
month intervals until 18 months after implantation and at 
more frequent intervals until the generator was replaced. 
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TABLE IV 


Conduction and Rhythm Disorders Associated with 
Sinoatrial Disturbances 








Patients* 
Conduction and Rhythm Disorder (no.) 
Left axis deviation 9 
Left bundle branch block (alone) 2 
Right bundle branch block (alone) 3 
Right bundle branch block with left 4 
axis deviation 
Intraventricular conduction defect 2 
First degree atrioventricular block 12 
Wenckebach atrioventricular block 1 
Nodal escape rhythm 7 
Atrial premature beats ; 4 
Ventricular premature beats 20 
Supraventricular arrhythmia 13 
Ventricular tachycardia 4 





* Some patients had more than one associated disorder. 


TABLE V 
Causes of Death in 12 Patients with an Implanted Pacemaker 





Time of Death 
Patients After Pacemaker 




















Cause of Death (no. Implantation (mo) 
Acute myocardial infarction 3 4,5,9 
Resistant heart failure 2 16,37 
Cerebrovascular accident 2 24,38 
Chronic renal failure 1 3 (wk) 
Gram-negative septicemia 1 3 
Ventricular fibrillation 1 3 
Undocumented deaths 2 5,12 
TABLE VI 
Follow-Up Data on Symptoms 
Symptoms Before Patients Condition 
Pacemaker Implantation (no.) Improved — Unimproved 
Syncope 15 14 1 
Dizziness 21 19 2 
Heart failure 12 7 5 
Recuirent ventricular 4 3 1 
tachyarrhythmia 
Results 


Mortality: One patient died 3 weeks after pace- 
maker implantation because of acute renal failure 
superimposed on chronic renal failure. Eleven 
other patients died 3 to 38 months after implanta- 
tion. The causes of death in these patients are sum- 
marized in Table V. One patient died of ventricular 
fibrillation of uncertain origin, and two deaths were 
undocumented. 


One patient (treated for brady-tachyarrhythmia 
syndrome) died of ventricular fibrillation 3 months 
after pacemaker implantation. One month before the 
fatal episode, the pacemaker was working well. 
Three months after the implantation, the patient 
had a syncopal attack and repeated attacks of ven- 
tricular fibrillation that did not respond to treat- 
ment. The transition from pacemaker rhythm to 
ventricular fibrillation was not documented, and the 
terminal pacemaker spike interval was unchanged 
from the initial readings. The pacemaker generator 
was checked by the manufacturer and functioned ac- 
cording to specifications. Autopsy was not per- 
formed. Death in two other patients occurred while 
they were out of the Miami area. Before pacemaker 
implantation, one of these patients had arterioscle- 
rotic heart disease and two episodes of myocardial 
infarction; the other patient had arteriosclerotic 
heart disease, diabetes mellitus and old hemiplegia. 
We could not obtain accurate data about the termi- 
nal events in these cases. 

Symptomatic improvement during follow-up pe- 
riod: The duration of the follow-up period in these 
52 patients is summarized in Figure 2. Relief of 
symptoms was noted in 43 of 52 patients (Table VI). 

Syncope or dizziness was abolished in most pa- 
tients (33 of 36) after pacemaker implantation. Two 
patients continued to have dizzy spells and one pa- 
tient had continued syncopal attacks although their 
pacemaker was functioning well. These symptoms 
were attributed to the presence of coexisting disease. 
The effects of pacing were not as gratifying in pa- 
tients with chronic congestive heart failure. Effort 
tolerance increased and digitalis could be adminis- 
tered more effectively in 7 of 12 patients; in 5 others 
the condition was unchanged. 

The addition of pacing to antiarrhythmic drugs ef- 
fectively controlled recurrent ventricular arrhyth- 
mias associated with sinus bradycardia in three of 
four patients. In each patient, pacing alone was inef- 
fective in controlling arrhythmias. In one patient, 
multiple premature ventricular contractions recurred 
despite pacing and adequate treatment with antiar- 
rhythmic drugs. 

Pacemaker complications: The complications as- 
sociated with permanent pacing are summarized in 
Table VII. They occurred in 9 of 52 patients, were 
recognized promptly and treated by appropriate 
measures. In two of the three patients with coronary 
sinus demand pacing, atrial pacing was abandoned 
after 2 days and 4 weeks, respectively, because of 
failure of the coronary sinus electrode to sense prop- 
erly the QRS complex or failure to capture the atri- 
um. The catheter was then introduced into the right 
ventricular apex for ventricular pacing. 


Discussion 


The effects of pacing in patients wth sinoatrial dis- 
turbances causing syncope, congestive heart failure, 
ventricular tachycardia and brady-tachyarrhythmia 
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syndrome will be discussed, including the possible 
mechanisms involved. 

Syncope: Since Muller and Finkelstein? reported 
in 1966 on the successful use of a permanent ventric- 
ular pacemaker in treatment of sinoatrial block pro- 
ducing syncope in a 29 year old woman, there has 
been growing interest in this technique. Syncopal 
episodes due to sinoatrial block have been success- 
fully treated by permanent pacemaker therapy, 10.11 
and the follow-up data in these patients have ex- 
tended from 18 months to 5 years.11 In our experi- 
ence with a larger series of patients, 14 of 15 patients 
with syncope and 19 of 21 patients with dizzy spells 
had complete freedom from these symptoms after 
pacemaker implantation. 

One patient with syncope and one with dizzy 
spells were symptom-free for 50 and 13 months, re- 
spectively, after insertion of the pacemaker. Recur- 
rence of symptoms in these patients was attributed 
to vascular insufficiency secondary to cerebral ath- 
erosclerosis. The cause of continued dizzy spells in a 
third patient, aged 86 years, could not be precisely 
explained. Inability of pacing to control these symp- 
toms on a long-term basis in some patients, particu- 
larly older persons, is to be expected because of coex- 
isting cerebrovascular insufficiency. 

Congestive heart failure: There is little doubt 
that a slow ventricular rate may contribute to the 


TABLE VII 
Long-term Pacemaker Complications 








Ventricular Coronary 
Pacing Sinus Pacing 
(no. of (no. of 
Pacing Complications patients) patients) 
Electrode displacement 1 2 
Raised threshold 1 0 
Fracture of electrode, proximal 1 0 
Myocardial perforation 2 0 
Infection at site of powerpack 2 0 








43-48 49-54 55.60 614 


FIGURE 2. Survival and mortality data in 52 
cases. 


pathogenesis of congestive heart failure in patients 
with complete heart block. Dogs with experimentally 
produced complete heart block exhibit a reduction in 
cardiac output and decrease in myocardial contrac- 
tility.!? After ventricular pacing was instituted, car- 
diac output improved and heart failure lessened. Da- 
vidson et al.!? reported that the condition of 16 of 20 
patients with preexisting congestive heart failure was 
greatly improved after institution of pacing but that 
26 patients (17 percent) first experienced heart fail- 
ure after pacing had begun. Bernstein et al.1* found 
that pacing effectively controlled acute heart failure 
due to bradyarrhythmia; the same was not true for 
chronic congestive heart failure. They postulated 
that many of their patients with chronic failure had 
repeated episodes of myocardial damage with secon- 
dary fibrosis, leading to a relatively fixed stroke vol- 
ume. Although the patients’ condition improved 
transiently with temporary pacing, there was no 
lasting benefit from permanent pacing. Comparable 
experimental or clinical data are not available for 
congestive heart failure due to sinoatrial distur- 
bances. 

Of the 12 patients in our study who had congestive 
heart failure, 7 had symptomatic improvement after 
pacemaker implantation. Failure of improvement or . 
deterioration of symptoms occurred in the rest (5 pa- 
tients). Deterioration of effort tolerance was related 
to worsening of the intrinsic heart disease due to de- 
velopment of acute myocardial infarction in one pa- 
tient. In the remaining four patients, progressive de- 
terioration may have been related to the presence of 
severe arteriosclerotic heart disease before pacemak- 
er implantation (2 patients) or due to loss of atrial 
contribution to cardiac output (2 patients). 

Atrial contribution to cardiac output has been well 
demonstrated by Samet et al.15 Furthermore, com- 
pared to ventricular pacing, coronary sinus or atrial 
pacing results in a higher cardiac index.16 However, 
before institution of permanent atrial or coronary 
sinus pacing, the integrity of the conduction system 
should be checked by His bundle recording and atri- 
al pacing at various heart rates. On the basis of His 
bundle recordings, a new classification of heart block 
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has been proposed.!? All three degrees of atrioven- 
tricular block seen on the surface electrocardiogram 
may result from block within the atrioventricular 
node or His-Purkinje system or at multiple sites. If 
atrioventricular and His-Purkinje conduction are 
normal, and if atrial arrhythmias are absent, these 
patients with heart failure preferably should have a 
coronary sinus or atrial pacemaker. However, atrial 
pacing has many problems, namely, electrode dis- 
placement, high threshold and inadequate sensing. 

Ventricular tachyarrhythmia: Ventricular tachy- 
arrhythmias not associated with sinus brady- 
cardia but refractory to drug therapy have been suc- 
cessfully treated by the addition of permanent pac- 
ing.18 Suppression of these arrhythmias with pacing 
in patients without heart block!? and in patients 
with sinus bradycardia or sinoatrial block?° has been 
described. Only patients who had recurrent ventricu- 
lar arrhythmia associated with sinus bradycardia are 
included in our report. Permanent pacing in con- 
junction with antiarrhythmic drugs abolished ar- 
rhythmia in three of four patients. 

Slowing of the heart rate to less than 60 beats/min 
may predispose to ventricular arrhythmias.?! The 
following mechanisms are proposed for beneficial ef- 
fects of pacing in prevention of ventricular tachycar- 
dia: (1) Pacing produces overdrive suppression of ec- 
topic foci. (2) Shortening of the refractory period and 
an increase in the vulnerable period threshold for ec- 
topic impulses occur when the heart rate is in- 
creased. Han et al.22 produced ectopic beats in ex- 
perimental animals by coronary occlusion, sudden 
increase in aortic blood pressure and hypothermia. 
Under these conditions, the frequency of ectopic 


beats was noted when the basic cycle length was 800 
to 1,200 msec. When the basic cycle length was pro- 
gressively decreased, the average time taken to in- 
duce ectopic beats was prolonged and the stimulus 
threshold increased. (3) Areas of asynchronous re- 
covery of excitability, and hence, areas of asynchron- 
ous conduction, are eliminated and ventricular fibril- 
lation threshold is raised when the basic cycle length 
is decreased.?3 

Brady-tachyarrhythmia syndrome: Treatment 
of the brady-tachyarrhythmia syndrome with drugs 
may present a difficult problem. Drugs like digitalis 
used to control supraventricular arrhythmia may 
cause bradycardia and drugs used to accelerate the 
heart rate, such as atropine or isoproterenol, may 
precipitate atrial or ventricular arrhythmias. All 11 
patients in our series had marked symptomatic im- 
provement with abolition of syncope (4 patients) or 
dizziness (4 patients). Alleviation of congestive heart 
failure was noted in three patients. Similar encour- 
aging results have been noted by others.10.24-26 

Rubenstein et al.2® noted that although electrical 
pacing was uniformly successful in treating symp- 
toms of bradycardia, it was often disappointing in 
preventing tachycardia. In 2 of their 13 patients 
tachyarrhythmias were abolished with addition of 
pacing to the drug therapy, and pacing permitted 
more aggressive administration of antiarrhythmic 
drugs in 3 others. Tachyarrhythmias were abolished 
in 7 of our 11 patients; although 4 others continued 
to have such arrhythmias, digitalis could be admin- 
istered more safely. All 11 patients in this group 
were receiving digitalis or antiarrhythmic drugs, or 
both, in addition to pacing. 
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HISTORICAL MILESTONES 


Fiedler on Acute Interstitial Myocarditis (1899) — I 


SAUL JARCHO, MD 


New York. New York 


Since the middle of the 19th century physicians have 
known of a special kind of myocardial inflammation, 
apparently unconnected with septic, rheumatic or 
exanthematous disease and tending to affect the 
myocardium alone. This condition is known as iso- 
lated myocarditis and also as Fiedler's myocarditis. 
The disease is rare, and apparently few clinicians or 
pathologists have had occasion to read the descrip- 
tion on which the eponym is based. 

Dr. Karl Ludwig Alfred Fiedler—the first two 
names appear neither in his classic article nor in his 
obituary1—was born in Dresden in 1835. He was a 
student of the illustrious Wunderlich. Most of his ca- 
reer was passed in his natal city, where he became 
chief physician of the municipal hospital. He served 
also as personal physician to the last four kings of 
Saxony. He wrote on trichinae, typhoid fever, pleuri- 
tis and other subjects in clinical medicine and pa- 
thology. His essay “Ueber akute interstitielle 
Myokarditis" (On Acute Interstitial Myocarditis) 
was published in an anniversary volume.? 


Excerpts from Fiedler’s Article 


The theme which I have selected as the subject of the 
following discussion has to do with a chapter in cardiac 
pathology which has attracted appropriate attention only 
in recent years and has become recognized as of great 
clinical significance. 

I refer to the pathological process which is designated as 
acute interstitial myocarditis in contrast to parenchyma- 
tous inflammation of the heart muscle and which is char- 
acterized in the main by interfibrillary round-cell infiltra- 
tion, proliferation of connective tissue, and shrinkage. 

Parenchymatous inflammation in the heart, i.e., that 
which runs its course in the fibers of cardiac muscle 
themselves and in albuminous granulation, fatty change, 
waxy degeneration with proliferation and alteration of 
muscle nuclei, transverse fission of the myofibrils, etc., 
has long attracted the attention of pathologic anatomists. 
As early as 1842 Virchow (Virchow's Archiv, vol. 4) de- 
scribed albuminous clouding and fatty degeneration of the 
muscle fibrils of the heart. Later A. Bóttcher (Virchow's 
Archiv, vol. 13) occupied himself with this subject. Since 
that time works have been issued by Zenker, Hayem, 
Mosler, Birch-Hirschfeld, Leyden, and others. These au- 
thors describe the parenchymatous alterations of the myo- 
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cardium which appear especially in various infectious dis- 
eases. 

It was Hayem, who in 1869 (Archives de physiologie 
normale et pathologique, 1869 and 1870) made known the 
significance of interstitial processes in the heart, first of 
all in typhoid fever and later in other infectious diseases. 
Among German authors it was above all Birch-Hirschfeld 
(Jahresbericht der Gesellschaft für Natur- und Heilkunde 
zu Dresden, 1879) who fully emphasized the small-cell in- 
filtration between the myofibrils and the weakening of 
cardiac energy produced thereby, most especially in diph- 
theria. The same was done by Leyden in the year 1882 
(Zeitschrift für klinische Medizin, vol. 4) with respect to 
diphtheria and typhoid, and by Unruh (Jahresberichte für 
Kinderheilkunde, new series, vol. 20) also in diphtheria, 
etc. 

Nevertheless the observations remained isolated and 
did not receive the clinical attention that was due them. 
Practicing physicians were very familiar with states of 
weakness due to the heart, and with cases of sudden death 
in typhoid, diphtheria, and other infectious diseases, but 
the observations that had been made by pathological 
anatomists were not noticed. The attempt was made to 
explain the clinical occurrences in other ways. 

Ernst Romberg has the incontestable merit of having 
illuminated the subject of interstitial myocarditis—chiefly 
in diphtheria, scarlatina, and typhoid—in a most exten- 
sive way, by his own observations and from both the clini- 
cal and pathological standpoint, and he developed the 
subject into a complete entity for these diseases (Anatom- 
isch-experimentelle und klinische Beitrüge zur Pathologie 
des Kreislaufes—Arbeiten aus der medizinischen Klinik zu 
Leipzig. Edited by Dr. Curschmann. Leipzig, 1893). 

Even a priori it can however be assumed that the dis- 
eases on which Romberg based his studies are not the only 
ones in which the characteristic myocardial changes 
occur. One may suspect that there are still other diseases 
which behave in the same way. Relevant observations are 
extant (compare Kelle “On primary chronic myocarditis,” 
Arbeiten aus der med. Klinik zu Leipzig, cited above). 

In the following discussion I take occasion to supply 
new material and to report a number of cases which com- 
pletely resemble Romberg’s with respect to myocardial 
changes. My cases in many respects also show great simi- 
larity to his in their clinical course, although mine most 
definitely were not cases of diphtheria, typhoid, or scarlet. 

The significance and judgment of the cases offer great 
difficulties, especially as regards etiology. I have not been 
able to clarify the etiology completely. Therefore I take 
the liberty to present the case histories and autopsy find- 
ings and then to set forth, for examination by my col- 
leagues, the opinion which I have reached. I do this in the 
hope that the observation of additional cases will throw 
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more light on this field, which in many respects is still so 
dark. 


1. The first case was that of a twenty-two year old 
working girl, who was admitted to my division on Decem- 
ber 9, 1895. Her parents were healthy. As a child she had 
had scarlet fever and diphtheria. She had severe typhoid 
fever 3 years ago. Since then she was always healthy. On 
December 2, while apparently in good health, she sudden- 
ly and for no assignable reason was attacked by a chill 
and a feeling of distress. She felt exhausted and had to go 
to bed. The next day she was worse. There were no signs 
of fever but she had frequent cold sweats. On attempting 
to do even light work she had shortness of breath, palpita- 
tion, eppression, and precordial distress. Bowels sluggish. 

Present status: Middle-sized, tolerably well nourished. 
When she entered the hospital on December 9 at 6 o'clock 
in the evening she was in collapse. Her skin was covered 
with cool sweat. There was marked cyanosis. Temperature 
35.4°. Radial pulse not palpable; femoral pulse 140 to 150, 
small, fairly regular. Respirations 40 to 50. Tongue lightly 
coated. Tonsils and pharynx normal. Examination of the 
lungs revealed nothing abnormal. Percussion tone sono- 
rous; vesicular breath sounds throughout; no rhonchi or 
consonating respiratory rales. Sensorium clear. 

Cardiac dullness extends 1/2 cm beyond the right ster- 
nal border, and on the left is within the mammary line. 
The heart sounds are difficult to hear and are not entirely 
regular. Abdomen soft; hepatic and splenic dullness not 
enlarged. The urine contains approximately 2 parts of al- 
bumin per thousand, fairly numerous leukocytes, single 
granular and hyaline casts, many epithelial cells, and no 
red blood corpuscles. No ascites, no edema. No tender- 
ness. On December 10 the patient's general condition was 
unchanged. Shortness of breath and oppression as before. 
Temperature subnormal. Femoral pulse 152. Very intense 
cyanesis. Skin constantly covered with cold sweat. In the 
course of the forenoon the weakness of the heart in- 
creased, the sensorium became cloudy. The patient died 
at 2 o'clock in the afternoon, approximately 8 days after 
the start of the illness. 

Autopsy was performed on December 11 by the prosec- 
tor, Dr. Schmorl, and revealed the following: *Body build 
slender; fatty tissue meagerly developed; skin pale; no in- 
juries or suppurating wounds demonstrated. The long 
bones show the transition between red and fatty marrow. 
Calvarium and meninges normal, likewise the substance 
of the brain, the ependyma, the temporal bones, the tym- 
panic cavities, etc. Oral cavity, throat, tonsils, larynx, 
trachea, bronchi, and thyroid gland unremarkable. Pleu- 
ral cavities empty. Pericardium likewise; its layers smooth 
and glistening. Heart somewhat enlarged, the left ventri- 
cle firmly contracted, the right ventricle somewhat dilat- 
ed. Heart muscle brown-red, the valves delicate and nor- 
mal. The left ventricle is narrow, the endocardium 
smooth. The muscle is of the usual thickness and moder- 
ately firm consistence. In flat sections there is a peculiar 
speckled appearance, in that numerous dark red streaks 
and spots are apparent against the brown-red background; 
these obviously correspond to extravasations of blood. On 
microscopic examination of fresh sections the heart mus- 
cle appears very cloudy, the transverse striation is indis- 
tinct and in some areas has disappeared. Frequent seg- 
mentation of fibers; the foci are clearly recognizable as 
hemorrhages. Between the fibers there are accumulations 
of round celis in long rows. Blood vessels of the heart are 
normal. 


Both lungs contain air; the right lower lobe alone was 
atelectatic, rather edematous, and bloody. Bronchial 
mucosa reddened, swollen, covered with sticky mucus. 
Pulmonary vessels, bronchial glands, thoracic duct nor- 
mal. Peritoneum smooth, no ascites. Spleen small, flabby, 
capsule wrinkled, pulp does not protrude, poor in blood, 
gray red. Adrenals normal. Both kidneys of usual size and 
firm consistence; capsules readily removable; surfaces 
smooth, light gray-red tending toward yellowish. The cor- 
tex scarcely enlarged, somewhat dull and glistening. Mi- 
croscopically the kidneys show clouding of the epithelium; 
in stained preparations there are non-nucleated areas and 
isolated foci of round-cells. Stomach somewhat dilated, 
mucosa covered with sticky brownish mucus, swollen, and 
flecked with red. Liver of normal size, flabby consistence, 
gray-red color, acinous structure distinct. Pancreas, mes- 
enteric glands, portal vein, and genital organs completely 
normal. 

Bacteriological examinations of the myocardium by 
means of smears, in agar plates and in blood serum, 
undertaken by Dr. Schmorl, were reported by him as 
completely negative. In the spleen, also, no microorga- 
nisms of any kind could be demonstrated. In preparations 
stained after fixation in corrosive sublimate it is recog- 
nized that there is a diffuse small-cell infiltration of the 
interfibrillary tissue. At some points it is so dense that the 
musculature appears to be thickened by it. The foci con- 
sist mainly of mononuclear leukocytes; infrequently there 
are polynuclears; the former usually show fine eosinophilic 
granulation. Many red cells—the aforementioned hemor- 
rhages—are intermingled here and there with the larger 
accumulations of round-cells that have already been de- 
scribed. The blood vessels show no changes and in partic- 
ular no thrombi are demonstrable. The myofibrils show 
the segmentation that was observed in the fresh prepara- 
tions. In addition, very marked fatty degeneration (os- 
mium reaction) was evident within the small-cell foci and 
disintegration into hyalin non-nucleated lumps and mass- 
(MEM 


2. O. B., manual laborer, 42 years old, was admitted to 
the second external division of the municipal hospital on 
April 19, 1895. He said he had been well until a few days 
previously. Since then he had been somewhat short of 
breath. For a long time he had varicose veins and leg ul- 
cers. The latter were completely indolent; there had never 
been inflammatory phenomena in their vicinty. 

Suddenly on April 20 the patient developed convulsions, 
which he had never had previously, with elevation of tem- 
perature to 38.3°. For this reason he was admitted to the 
in-patient division. 

Present status: The patient was a strong man of middle 
size. Because of the gravity of his condition a detailed his- 
tory could not be taken. T. 38.3°, pulse 148, respirations 
44. Sensorium completely clear. He complained of intense 
pressure sensations and of feelings of anxiety and internal 
disquiet. The face was cool and very cyanotic. Tracheal 
rhonchi were audible. Percussion of the heart revealed 
widened dullness to right and left. The heart sounds were 
scarcely audible and very rapid and were covered by the 
pulmonary noises (tracheal and crackling rales). In the 
afternoon of the same day all the signs of the disease in- 
creased notably. The skin was bluish red, the pulse hardly 
palpable, irregular, and very rapid. Splenic and hepatic 
dullness were not enlarged. Urine was passed involuntari- 
ly. No wound or suppuration could be demonstrated. In 
particular, there were no inflammatory phenomena in the - 
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greatly dilated veins of the lower extremities or in the vi- 
cinity of the ulcers. 

On the night of April 20 to 21 consciousness became 
clouded and on the afternoon of April 21 the heart became 
weaker and death occurred. 

Autopsy was performed on the following day under the 
direction of the prosector, Dr. Schmorl, and revealed the 
following. Well developed body. Except for the aforemen- 
tioned ulcers nothing abnormal was observable in the ex- 
ternal integuments. Meninges, brain substance, and spi- 
nal cord normal, the organs of the neck and throat like- 
wise. The pericardium contains a few tablespoonfuls of 
clear yellow fluid. The layers of the pericardium are 
smooth and glistening. The heart is somewhat enlarged; 
28 cm circumference, 10.5 from apex to origin of the great 
vessels. Musculature firm; slight fatty deposition. Ventri- 
cles and atria of normal width, musculature of the left 
ventricle somewhat thickened. Musculature solid, per- 
meated all over by fine opaque punctate and linear yellow 
or yellow-brown foci up to half a millimeter large, which 
here and there are surrounded by a thin reddish margin. 
Between the foci the musculature is friable, washed-out, 
brown-red and slightly yellowish. Heart valves and endo- 
cardium normal, coronary arteries likewise. 

On microscopic examination of fresh preparations the 
conspicuous feature is the enormous accumulation of 
round-cells between the myofibrils and the presence of red 
blood cells in their vicinity. The transverse striation of the 
muscle fibers is indistinct. Many of them are granular, 
cloudy, and fatty; some have been torn across. Muscle nu- 
clei not remarkable. The finding in fixed preparations of 
the heart was exactly the same as in the first case, except 
that in the present case the muscle fibers were more 
strongly infiltrated with fat ... The bacteriological exami- 
nation, likewise conducted by Dr. Schmorl, and also the 
cultures on various nutritive media, gave a negative result 
throughout, exactly as in the first case. 

The lungs were generally air-containing, very moist, and 
very bloody. Pulmonary vessels normal, not thrombosed. 
Bronchi, bronchial glands, thoracic duct, normal ... ves- 
sels normal throughout, the veins of the lower extremities 
likewise, apart from the varices of the lower extremities. 


[3. The third patient, a male aged 24 years, died on the 
ninth day after having had fever, chills, dyspnea, vomit- 
ing and convulsions. Pulse rate 38, later 88 and irregular.] 

After the pericardium was opened—it contained about 
three tablespoonfuls of clear fluid—numerous punctiform 
ecchymoses were found in it, especially over the right 
heart. Both ventricles and both atria dilated, most of all 
the left ventricle. Valves delicate, only at the mitral were 
the chordae shortened; at one point the valve margin was 
adherent. Coronary arteries normal. 

Heart muscle quite soft; cut surfaces have a markedly 
speckled appearance at many places. Yellow linear and 
very fatty places alternate with gray translucent and red- 
dish brown areas. At some points these merge diffusely. 
The small blood vessels are very full. Microscopic exami- 
nation of preparations fixed in formalin revealed dense re- 
placement of the intermuscular connective tissue by mo- 
nonuclear round-cells. This alteration attained especially 
high degree in the musculature of the left ventricle. Bac- 
teriologic investigation of sections was negative. Since the 
heart had been fixed in formalin, cultures could not be 
made. The microscopic examination was the same as in 
the preceding case. 


ACUTE INTERSTITIAL MYOCARDITIS—JARCHO 


4. [In a fourth case, communicated by Schmorl, the pa- 
tient was a woman aged 21. Duration of illness uncertain 
—perhaps 3 weeks. Urticaria, tachycardia, fever, and 
vomiting. The wheals became hemorrhagic. Urine normal. 
Examination in the hospital: dyspnea, euphoria; cardiac 
dullness enlarged to the right. Small area of bronchial 
breathing paravertebrally; transient mild albuminuria. 
Sudden tonic spasms, death. Autopsy: about a cupful of 
clear fluid in the pleural cavities; fluid in pericardium; 
heart somewhat enlarged; opaque fine yellow-white 
streaks and flecks seen beneath pericardium. Myocardium 
of left ventricle friable. Inner surface of heart appeared 
finely “‘tigered’’ by opaque gray and gray-yellow foci, dis- 
tinguishable from foci of fatty degeneration. Softened 
thrombi among the trabeculae at apices of both ventricles. 
Thrombi in jugular vein and in azygos vein. Pulmonary 
embolus and infarct. Thrombus in left renal vein extend- 
ing into vena cava.] 

The interstitial tissue [of the myocardium] is permeated 
to an extraordinary degree by cells. The infiltration is not 
equally dense in all the areas that were examined but ap- 
peared to be focal. The cells composing the infiltrates fol- 
low the course of the blood vessels; they are of the size of 
mononuclear leukocytes. The nucleus is round and stains 
intensely with nuclear dyes. The nuclear lattice is mostly 
indistinct, the protoplasm is scanty and where most com- 
pact is permeated by eosinophilic granules. In Flemming 
preparations occasional round-cells show very fine fatty 
granules .... In cross sections the muscle fibers repeatedly 
show disintegration, the fracture lines corresponding to 
the places of junction; there are also many fibers which 
show swelling and fatty degeneration. The nuclei are 
mostly preserved; here and there they appear distended 
and stain more intensely than the normal. In addition 
there are in the musculature many necrotic foci, and most 
of these are not sharply demarcated. The muscle fibers 
have been converted partly into a homogeneous structure- 
less mass which stains strongly with eosin and partly re- 
tain their contours to an appreciable extent, divested of 
transverse striation and swollen. Within the structureless 
masses there are various large irregular granules, which 
stain intensely and which obviously are derived from ru- 
ined nuclei. In the periphery of the necrotic foci there are 
many of the epithelioid cells that have been described 
above [sic]; round-cells are among them. Large clumps of 
protoplasm are also very clearly visible and these contain 
extraordinarily numerous nuclei .... In the heart, accord- 
ing to the above description, there is a diffuse myocarditis 
with formation of necrotic foci. It is definite that the pro- 
cess existed for some time before death, as is shown by 
the proliferative phenomen: in the fixed tissue cells and 
the muscle nuclei. The laitier are especially interesting, 
since so far as I am aware tiie literature contains no case 
in which such extensive proliferation has occurred in the 
nuclei of the muscle fibers in the presence of simple acute 
inflammatory changes in the myocardium .... 


[To be continued in the October 1973 issue] 
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Data from 88 percent of institutions in the United States with facili- 
ties for performing open heart surgery were analyzed to determine 
the current pattern of distribution of these facilities and the extent of 
their use in the 5 years from 1967 to 1971. Although facilities for 
open heart surgery were distributed roughly according to population 
density, the patient case load per hospital varied greatly from institu- 
tion to institution, ranging in 1971 from 1,616 cases in one hospital 
to 4 cases in another. A 250 percent increase in the utilization of 
these facilities occurred between 1967, 2 years before the general 
introduction of the aortocoronary bypass operation, and 1971. In 
turn, the percentage of hospitals performing 25 or fewer open heart 
procedures annually decreased from 52 percent in 1967 to 14 per- 
cent in 1971. In 1971 an estimated $249 million in professional fees 
and hospital costs was incurred by open heart operations alone. A 5 
year projection based upon this rate of growth shows that significant 
improvement in utilization of existing facilities and skilled personnel 
will occur only if the acquisition of facilities for open heart surgery 
by additional hospitals is preceded by careful studies documenting 
need and potential for optimal usage. 


The pattern of distribution and degree of use of facilities for the per- 
formance of open heart surgery in this country are far from ideal.!.? 
In many of the 432 hospitals in which they are located, the facilities 
have been used infrequently at best. With the widespread adoption 
of revascularization procedures for the treatment of coronary artery 
disease, the degree of utilization of facilities, although perhaps not 
their distribution, can be expected to improve. This study was de- 
signed to record the distribution of open heart facilities in this coun- 
try from 1967 to 1971, define the extent to which these facilities were 
utilized, document the rate of increase of cardiopulmonary bypass 
procedures performed, and estimate the cost of these operations na- 
tionally for the year 1971. 


Plan of Study 


Between March 1 and June 1, 1972, each of the 432 institutions in the 
United States listed by the American Hospital Association as having facili- 
ties for open heart surgery was contacted by personal letter.? A follow-up 
letter or phone call was used to obtain information when data from the first 
contact were incomplete. In almost all cases, information was supplied by a 
cardiovascular surgeon or blood bank director who summarized his institu- 
tion's experience with cardiopulmonary bypass procedures. The data so ob- 
tained were coded into machine-readable form, stored and subsequently an- 
alyzed at the National Institutes of Health, Division of Computer Research 
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FIGURE 1. The location by state of institutions equipped with cardiopulmonary bypass facilities and the number of open heart proce- 
dures performed at those institutions in 1971. 


and Technology facility. Information on the number of op- ulated states. Nevertheless, when workload per insti- 
erations performed with use of cardiopulmonary bypass in tution was examined, an uneven distribution was ev- 
each of the 5 years from 1967 to 1971 was requested from ident. For example, in hospitals with an active pro- 
each institution; the frequency with which specific types gram of cardiac surgery, the number of operations 


of open heart procedures were carried out was not univer- 
sally determined. To provide a basis for a rough projection 
of costs, George Washington University Hospital was 
asked to provide a financial analysis of hospital charges 
incurred by patients undergoing open heart surgery in 


performed with use of cardiopulmonary bypass per 
institution ranged widely, from 1,616 operations in 
one hospital to 4 in another. 

Utilization of available facilities for cardiopul- 


1971. This information was obtained for each of three pro- monary bypass: For the fiscal year ending in June 
cedures: repair of atrial septal defect, aortic valve replace- 1972, 11.5 percent of the institutions responding to 
ment and the aortocoronary bypass graft. this survey reported that they had no active cardiac 
surgical team despite the availability of facilities for 
Results cardiopulmonary bypass. Nonresponding institu- 
Institutions included in study: Data were sup- tions, comprising 12 percent of all hospitals with 
plied by 380 hospitals, representing 88 percent of the such facilities, were not sampled to determine if 
432 hospitals in the United States known to have fa- their experience was similar. 
cilities for performing surgery with use of cardiopul- The intensity with which active cardiac surgical 
monary bypass. Figure 1 depicts the location, by teams utilize their personnel and facilities to carry 
state, of institutions equipped with facilities for car- out cardiopulmonary bypass procedures changed 
diopulmonary bypass procedures, as well as the dramatically in the 5 year period (Table I). In 1967, 
number of open heart operations performed at those the majority of hospitals performed fewer than 25 
institutions in 1971. As shown, five states had no cardiopulmonary bypass procedures, with only a 
hospitals with cardiopulmonary bypass facilities, and handful reporting more than 150 operations that 
patient data were not available from three others. year. By contrast, in 1971 only 14 percent of institu- 
Hospitals equipped with facilities for cardiopulmo- tions surveyed carried an annual case load of 25 pa- 
nary bypass were located principally in densely pop- tients or less, and 38 percent performed more than 
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TABLE | 


The Frequency of Operations Requiring Cardiopulmonary 
Bypass Performed at Hospitals Surveyed in the Years 
1967, 1969, and 1971 





Operations Percentage of Hospitals Surveyed 
per Year 
(no.) 1967 1969 1971 
0-25 52 38 14 
25-50 21 22 p 
50-75 5 13 12 
75-100 6 7 M 
100-125 4 5 ? 
125-150 2 4 3 
150-175 3 3 5 
175-200 3 2 x 
200-250 1 1 3 
250-300 1 2 : 
300+ 2 3 3 


100 cardiopulmonary bypass procedures that year, 
including 6 percent that performed more than 300 
bypass procedures. The burden of caring for patients 
requiring cardiopulmonary bypass seems to have be- 
come more equitably spread among institutions hav- 
ing the required personnel and facilities, and the in- 
stitution annually performing an inordinately few 
(less than 25) operations with use of cardiopulmo- 
nary bypass is disappearing. 

Surgical experience with the aortocoronary by- 
pass graft procedure: A large majority of surgical 
teams in hospitals equipped and staffed to perform 
cardiopulmonary bypass procedures have experience 
with the aortocoronary bypass operation. Fully 82 
percent of the hospitals surveyed reported that they 
had used this procedure; the remainder indicated 
that they performed only other types of operations 
requiring cardiopulmonary bypass (6.4 percent) or 
that they did not use their cardiopulmonary bypass 
facilities (11.5 percent). We did not determine the 
percentage of all open heart operations that were of 
the aortocoronary bypass graft type; however, several 
larger centers (those annually performing more than 
130 operations using cardiopulmonary bypass) re- 
ported that more than 50 percent of their operations 
were of this type. 

Frequency and cost of operations requiring car- 
diopulmonary bypass: The frequency with which 
surgery utilizing cardiopulmonary bypass is per- 
formed in the United States increased rapidly in the 
5 year period. Between 1967 and 1971 there was a 
250 percent increase; the precise totals of reporting 
institutions for each year are shown in Table II. 

To arrive at an estimate of the national cost of 
38,322 cardiopulmonary bypass procedures per- 
formed in surveyed hospitals in 1971, it is necessary 
to establish the average value of hospital costs and 
professional fees for such operations. Although a gen- 
eral survey of the financial records of hospitals was 


beyond the scope of this study, a reasonable approxi- 
mation of costs was made possible by using figures 
submitted by one medical center. In that institution, 
hospital costs were remarkably similar regardless of 
the type of cardiopulmonary bypass procedure per- 
formed and averaged $5,300. A conservative estimate 
of professional fees ($1,200)* raises the cost per oper- 
ation to $6,500. This rough calculation is in agree- 
ment with that made by the Ad Hoc Task Force on 
Cardiac Replacement of the National Heart and 
Lung Institute. With these figures one can project 
that the 38,322 open heart procedures reported in 
1971 absorbed $249 million of the national health 
budget. 


Discussion 


The finding of a pattern of distribution of hospi- 
tals with facilities for surgery requiring cardiopulmo- 
nary bypass that roughly corresponded to population 
density was not unexpected; the investment in ex- 
pensive equipment and a skilled staff by hospital 
management is most attractive in areas with a large 
potential patient resource. Less well anticipated was 
the considerable variation in case load of surgical 
procedures requiring cardiopulmonary bypass when 
individual hospitals with active cardiac surgery units 
were compared. This uneven distribution of the work 
load among 432 widely scattered hospitals may well 
serve to retard the efficient delivery of skilled medi- 
cal care since only occasional use is made of skilled 
personnel and facilities in many institutions. Similar 
conclusions were reached in a regional study of the 
rate of performance of six common surgical proce- 
dures not requiring cardiopulmonary bypass.® Ac- 
cording to that study, the small hospital, built to 
serve the dual functions of providing care for the sick 
and attracting physicians to rural communities, is 
often less effective in rendering treatment that re- 
quires highly sophisticated and extensive technology. 

Utilization has become an important area of con- 
cern today for physicians, hospital personnel and the 


* This figure, covering the fees of both the surgeon and the 
anesthesiologist, was supplied by Mr. Dayton W. Selby, Admin- 
istrative Office, Washington Greater Metropolitan Blue Shield, 
550 12th St., S.W., Washington, D. C. 


TABLE II 


Open Heart Operations Requiring Cardiopulmonary Bypass 
Performed by Reporting Institutions 





Operations 

Performed 
Year (no.) 
1967 13,928 
1968 15,899 
1969 18,237 
1970 26,018 
1971 38,322 
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public. In the name of proper utilization, the allot- 
ment of hospital beds is increasingly scrutinized by 
peer review and other mechanisms and new hospital 
construction is regulated by laws requiring documen- 
tation of need and other factors.9-5 In this light, it 
was interesting to note that more than 10 percent of 
hospitals that had invested in facilities for cardiopul- 
monary bypass did not use them in 1971. Another 
third used them only sparingly, that is, less than 50 
times a year. 

The advantages of proper utilization are obvious: 
better maintenance of the special skills required in 
cardiac surgery and reduced cost per patient in 
maintaining the expensive physical plant and equip- 
ment. To achieve these advantages, a hospital must 
not only serve a population of sufficient size, but also 
should have access to a patient referral and trans- 
portation system that permits the scheduling of 
equipment and personnel in advance of need so that 
facilities can be used optimally. 

On the other hand, hospitals with currently un- 
used or grossly underused facilities for cardiopulmo- 
nary bypass may represent an important resource for 
the future should the 250 percent increase in the 
number of cardiopulmonary bypass procedures per- 
formed be repeated in the next 5 years. In that 
event, the existence of this resource and the avail- 
ability of a large force of highly trained professional 
personnel will increase the rapidity with which the 
health care system can make available to the public 
benefits of new surgical techniques. Indeed, an in- 
creased demand for cardiopulmonary bypass facili- 
ties may be anticipated, on the basis of the low mor- 
tality rates and promising early clinical results in pa- 
tients undergoing revascularization procedures for 
major occlusive disease of the proximal coronary ar- 
teries.2.? This and other procedures, such as infarct- 
ectomy, elective surgery for the relief of angina and 
emergency coronary artery bypass grafting, may be- 
come commonplace should ongoing controlled trials 
demonstrate their long-term clinical benefits. 

Clinical implications: The Surgery Study Group 
of the Inter-Society Commission for Heart Disease 
Resources, a body charged with the development of 
guidelines for medical facilities serving patients with 
cardiovascular diseases, stated recently that hospital 
centers performing open heart surgery should have a 
minimal average load of 4 to 6 operations a week, or 
about 200 operations annually. The major reasons 
cited were the need to develop and maintain the 
clinical skill and research interests of physicians and 
surgeons and to maintain the professional skills of 
the nursing and technical staff.? Presumably the fig- 
ure of 200 cases annually was based on the past ex- 
perience of the Commission members. At the time of 
the report, it was estimated that only 25 centers in 
the United States met the guideline of 200 cases an- 
nually and that the majority of hospitals performed 
fewer than 50 operations a year. Some workers have 
interpreted this report as implying that hospitals 
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performing fewer than 200 cardiopulmonary bypass 
procedures annually should form a single unit with 
other hospitals, in the interest of sound economics 
and good patient care.19 

Our study updates and amplifies the Commis- 
sion's report in several respects. First, our data were 
collected under a single protocol for the years 1967 to 
1971; previously, the only data available were col- 
lected by different agencies, presumably using differ- 
ent sampling methods, and encompassing only the 
initial upsurge (1969) in revascularization proce- 
dures. Second, utilization of the national cardiopul- 
monary bypass resources by active cardiac surgery 
programs has been demonstrated to have increased 
dramatically in the 5 years studied. The number of 
hospitals performing 25 or fewer open heart opera- 
tions a week dropped from 52 percent of the total in 
1967 to 12 percent in 1971. By 1971, the median an- 
nual number of such operations per hospital was ap- 
proximately 65, although only 13 percent (50 of 380) 
of all surveyed hospitals met the Commission's 
standards of 200 cases a year. 

The Commission further stated that a qualified 
cardiac surgical team attempting to utilize optimally 
its personnel and equipment resources may start 
with a smaller number of cases if a reasonable pro- 
jection indicates that the minimal case load—200 
annually—would soon be generated.? A precise time 
limit for achieving the Commission's case load goal 
was not stated. However, an extrapolation of our 
data indicates that at the present rate of growth, 
and assuming that the current pool of hospitals 
equipped to perform cardiopulmonary bypass re- 
mains approximately the same, many of the prob- 
lems of underutilization will be alleviated in the next 
5 years. At that time, the average annual case load 
per hospital would be 170 patients; the percentage of 
hospitals performing fewer than 25 cardiopulmonary 
bypass operations a year would be 3 percent; and 
hospitals having unused cardiopulmonary bypass fa- 
cilities would be greatly reduced. Although not all of 
the 432 hospitals will share equally in the projected 
new case load because of differences in location, re- 
ferral and transportation systems, the prospect for 
achieving the guidelines of the Inter-Society Com- 
mission seems good. However, this will require that 
the patient population not be further distributed 
over an ever increasing number of hospitals. The ac- 
quisition of cardiopulmonary bypass facilities with 
trained personnel by hospitals not presently having 
them will need to be carefully scrutinized through 
studies to document need and the potential for 
achieving a case load of 200 annually. 

The practicing cardiologist can draw from this 
study several conclusions relating to the quality of 
care his patients receive. Also, because it is his pre- 
rogative to refer patients to surgeons as well as to 
participate in the planning of new facilities for open 
heart surgery, the cardiologist can have an impor- 
tant impact upon the utilization of cardiopulmonary 
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bypass facilities and skilled personnel. On the basis 
of our findings, he may choose to refer his patients 
only to centers that perform a sufficient number of 
cases to maintain the clinical skills of their staffs. In 
addition, he might decide to scrutinize carefully, 
through his membership in hospital, county and 
state committees, proposals that would permit the 
construction of new facilities for open heart surgery. 


By insisting that the criteria of documented need 
and potential for optimal usage be adhered to, he 
may well assure better quality of care for future pa- 
tients. 
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The second known successful operation for carcinoid valvular heart 
disease is reported. The patient underwent tricuspid valve replace- 
ment and pulmonary valvotomy and has no symptoms of heart dis- 
ease more than 1 year after operation. 


Patients with carcinoid tumors may survive as long as 12 to 13 years 
after resection of the primary lesion.1 These patients may have in- 
volvement of the right side of the heart with resultant pulmonary 
and tricuspid valvular lesions that may become severe enough to 
produce right-sided failure. If the cardiac condition cannot be con- 
trolled with medical treatment, surgery is indicated. 

Wright and Mulder? reported the first cardiac procedure for a pa- 
tient with carcinoid heart disease; however, their patient died in the 
early postoperative period. In 1966, Aroesty et al.? described a pa- 
tient successfully operated upon for carcinoid heart disease; the tri- 
cuspid leaflets were excised and replaced with a no. 3 Starr-Edwards 
mitral ball valve. This patient did well until October 1971, when he 
died of increasing hepatic failure (personal communication).* We 
have recently operated on a patient with carcinoid heart disease due 
to metastatic carcinoid of the ileum. This appears to be the second 
patient successfully treated with open heart surgery. 


Case Report 


A 26 year old Caucasian woman was admitted to the hospital on January 
10, 1972 for investigation of shortness of breath, dyspnea on exertion, swell- 
ing of the ankles and abdomen and episodes of flushing of the face and 
chest. 

At age 17 years, during a routine school physical examination, she was 
found to have a tumor in the right lower abdomen. Although she was 
asymptomatic, she entered a hospital in April 1963 and after various stud- 
ies were performed underwent surgical removal of a tumor of the terminal 
ileum. Palpation of the abdominal cavity disclosed metastases in the liver; 
however, because there was also a large mass above the right kidney, no 
further operations were performed. Microscopic examination of the tumor 
disclosed a typical carcinoid invading the muscularis and serosa of the 
ileum as well as lymph nodes of the mesentery. One week postoperatively, 
she was referred to another hospital for further surgical treatment. A second 
operation was performed 11 days after the resection of the primary lesion. 
The large metastatic lesion, about 6 by 3 by 2 cm, was palpated above the 
right kidney and was fixed alongside the vertebral bodies in the gutter. 
'Three nodules, 1 to 2 cm in diameter, were palpated on the right lobe of the 
liver. The tumors were not removed, and the patient was discharged 1 week 
later. 

Except for a few episodes of mild flushing of the face and chest the pa- 
tient did well, gained weight and was soon back at work as a tourist guide. 
During September 1971, she noticed swelling of the ankles, dyspnea on 
exertion, ascites and generalized weakness as well as an increase in frequen- 
cy of the episodes of flushing and episodes of diarrhea. Within a few weeks 
she was unable to walk and spent most of the time in bed because of severe 
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TABLE I 
Results of Laboratory Tests 








Patient Normal 





Data Values 
Direct bilirubin (mg/100 ml) 0.25 0-0.20 
Total bilirubin (mg/100 ml) 1.2 «1.0 
Sulfobromophthalein retention (96) 
5 min 72 20-50 

30 min 11 0-5 
5 HIAA (excretion in urine) (mg/24 hr) 40 1-7 
Histamine (plasma level) (ug/ml) 10 4-7 
Serotonin (plasma level) (ug/ml) 0.39 0.05-0.20 





dyspnea. In December 1971, she was treated with furo- 
semide (Lasix®) and digitalis and lost 15 Ib. Her condition 
improved and she was referred for further investigation 
and possible surgery. 

Examination revealed telangiectasis of the face and 
neck; hepatojugular reflux was present; blood pressure 
was 100/80 mm Hg with sinus rhythm rate 100 beats/min 
and respirations 20/min. There was a minimal right ven- 
tricular thrust. No thrills were noted. The first sound was 
normal and the second sound appeared to be single. There 
was a grade 2/6 systolic murmur of the ejection type 
heard best at the left second intercostal space, but also 
heard over the entire precordium. A grade 4/6 systolic 
murmur and a soft early diastolic murmur were noted at 
the tricuspid area. With the Valsalva maneuver the mur- 
murs decreased, but returned promptly. Examination of 
the abdomen revealed two longitudinal healed incisions. 
There was shifting dullness but no palpable masses. The 


TABLE II 


Preoperative Cardiac Catheterization Data 





Pressures (mm Hg) 














Site S D Mean 
Right atrium a= 15 
x= 11 
v= 2l 
y = 10 
Right ventricle 55 4 
Right atrium AP bud 14 
a= 17 
v = 30 
Pulmonary artery 10 3 
Right ventricle 2155 5 
Pull-through systolic 
gradient — 45 at 
pulmonary valve 
Hemodynamic Data at Rest 
Arteriovenous oxygen difference (95) 7.51 
Cardiac output (liters/min) 2.65 
Cardiac index (liters/min per m?) 1.69 
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liver was tender, pulsating and palpable 4 cm below the 
costal margin; the edge was blunt and irregular, and no 
nodules were palpated. Liver scan revealed the liver and 
spleen to be two or three times normal size. Multiple 
space-occupying lesions were demonstrated in the inferior 
and middle poles of the right lobe of the liver. 

Routine laboratory examinations were essentially within 
normal limits, except for the liver function studies which 
were abnormal. Results of the laboratory tests measuring 
metabolism of serotonin showed characteristically elevat- 
ed values (Table I). 

Cardiac catheterization data (Table II) were compatible 
with tricuspid stenosis and insufficiency and pulmonary 
stenosis with a gradient of 45 mm Hg across the valve. 
The cardiac output was decreased, and the arteriovenous 
oxygen difference was abnormally wide. 

Cineangiocardiogram revealed the following: The right 
atrium was slightly enlarged. The tricuspid orifice was 
narrowed to about two thirds of normal, and the cusps 
were thickened and rigid. There was a grade 2/6 tricuspid 
insufficiency. The right ventricle was slightly enlarged 
and hypertrophic, and stroke volume was increased. The 
pulmonary valve was considerably thickened and rigid. 
The pulmonary circulation time was prolonged. The left 
atrium was of normal size, and the left ventricle was 
smaller than average. The ejection fraction was normal, 
but the stroke volume was small. 

Phonocardiogram disclosed tricuspid stenosis and insuf- 
ficiency and probable pulmonary stenosis. An electrocar- 
diogram on January 11, 1972 (Fig. 1A) showed incomplete 
right bundle branch block, and a vectorcardiogram dis- 
closed right ventricular hypertrophy. 

Surgery was performed on January 28, 1972. The right 
atrium was enlarged (grade 3/6) with a grade 4/6 systolic 
thrill in the tricuspid area. The right ventricle was also 
enlarged (grade 3/6). The left atrium and ventricle were 
slightly diminished in size. The main pulmonary artery 
was of normal size, and a grade 3/6 systolic impulse was 
palpated distal to the pulmonary valve. The pulmonary 
cusps were 2 mm thick, and all three commissures were 
fused. The opening in the center of the valve admitted a 7 
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FIGURE 1. Electrocardiograms. A, preoperative, sinus rhythm 
(rate 88/min). The tracing indicates incomplete right bundle 
block and probable right ventricular hypertrophy. B, postopera- 
tive, sinus rhythm (rate 64/min). The tracing indicates persist- 
ency of right bundle block and definite right ventricular hyper- 
trophy. 
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mm Hegar dilator. Because of the marked thickening and 
retraction of the cusps, the sinuses of Valsalva were very 
small. The three commissures were incised widely, and 
admitted Hegar dilators up to 21 mm in size. The right 
atrial wall was 3 mm thick. The endocardium of the right 
atrium was replaced with a thick white layer of tissue. 
The commissures of the tricuspid valve were fused, and 
the chordae tendineae were thickened and fused; the tri- 
cuspid leaflets were 1 mm thick and pulled into the right 
ventricle. A small piece of the septal leaflet and most of 
the posterior leaflet were excised; the anterior leaflet was 
left in place. A no. 6 Kay-Shiley disc valve with a muscle 
guard with an inside surface area of 2.9 cm? was inserted 
in the subvalvular position. 

Microscopic study showed the right atrial appendage to 
be lined by a loose, almost myxoid fibrous tissue with 
plump to spindle-shaped fibroblast nuclei and a delicate 
meshwork of collagen fibers but no elastic fibers. The 
thickening of the tricuspid valve was due to deposition of 
loose to compact, delicately to quite heavily collagenized 
fibrous tissue devoid of elastic fibers on both the ventricu- 
lar and atrial surfaces of the leaflet (Fig. 2). There were a 
few minute blood vessels and rare aggregates of lympho- 
cytes and histiocytes, but no elastic fibers in this fibrous 
tissue. 

The pattern of deposition of loose to compact fibrous 
tissue, devoid of elastic fibers on the endocardial surface 
of the right atrium and both surfaces of the tricuspid leaf- 
let, was considered typical of carcinoid cardiovascular dis- 
ease. 

Postoperative studies were performed in August 1972. 
At that time the patient was asymptomatic with mild 
dyspnea on exertion. Her weight was stable and there was 
no edema, abdominal swelling or liver enlargement. She 
still noted flushing sensation of the face and neck associ- 
ated with exertion or emotional changes. She was receiv- 
ing digoxin, spironolactone (Aldactone®), ferrous sulfate 
(Feosol®) and warfarin (Coumadin®). Physical examina- 
tion, except for the telangiectasis of the face and neck, 
was normal. The normal sounds of the prosthetic valve 
were noted in the tricuspid position. There was a systolic 
ejection murmur and a grade 2/6 diastolic murmur at the 
pulmonic area. An electrocardiogram disclosed right ven- 
tricular hypertrophy with abnormal right axis deviation 
(Fig. 1B). A chest X-ray film revealed a mass in the right 
posterior costophrenic sulcus about 6 cm in diameter and 
slightly larger than that first seen in January 1972. The 
lungs and heart appeared normal (Fig. 3). 
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FIGURE 2. Microscopic section of tricuspid leaflet with thicken- 
ing and deformity resulting from deposition of loose to compact 
fibrous tissue on both the atrial and ventricular surfaces. Cen- 
trally, there are minute blood vessels and a few lymphocytes 
and histiocytes. (Hematoxylin-eosin X55, reduced by 5 per- 
cent.) 


The postoperative cineangiogram disclosed a normal- 
sized right atrium, significantly reduced since the preop- 
erative study. Lateral thickening of the right atrial wall 
was noted. Right atrial volume was much less than nor- 
mal, and the right atrial contraction was a barely detecta- 
ble ripple in contrast to the normal left atrial contraction. 
Although there was a slight caval reflux during contrac- 
tion of the right ventricle, this chamber was normal and 


FIGURE 3. Pre- (A) and postoperative (B) 
chest X-ray films. The postoperative film re- 
vealed a mass in the right posterior costo- 
phrenic sulcus about 6 cm in diameter and 
slightly larger than that first seen in January 
1972. The lungs and heart appeared normal. 
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emptied well. The right heart chambers emptied in nor- 
mal time in contrast with the prolonged delay noted in 
the preoperative study. Pulmonary circulation time was 
normal. The left heart chambers appeared normal and 
emptied well. The patient’s condition was good at last ex- 
amination more than 1 year after operation. 


Discussion 


Carcinoid tumor is a rare disease that usually in- 
volves the cells of Kulchitsky of the gastrointestinal 
tract. These argentaffin cells (named for their capac- 
ity to reduce silver compounds) are more numerous 
in the crypts of Lieberkuhn of the terminal ileum 
and appendix. According to MacDonald® and Ander- 
son® between 58 to 90 percent of the tumors arise 
from the appendix; the rest originate from the ileum, 
Meckel’s diverticulum, stomach, duodenum, jeju- 
num and colon. These tumors rarely metastasize ex- 
cept for the carcinoid of the ileum, which is known 
for its capacity to invade regional lymph nodes and 
the liver. The presence of hepatic involvement will 
produce, in a variable period of time, the onset of 
bizarre symptoms recognized as the malignant carci- 
noid syndrome. These include vascular, cutaneous, 
intestinal, pulmonary and cardiac manifestations 
such as flushing, telangiectasis, pellagra-like lesions, 
diarrhea, bronchospasm and right heart valvular dis- 
ease.” 

In 1952, Biorck et al.5 published the classic de- 
scription of “a case of unusual cyanosis in a boy with 
pulmonary stenosis and tricuspid insufficiency.” 
This patient had a carcinoid of the ileum with me- 
tastasis to the liver. In 1954, Thorson et al.? pub- 
lished their historical report of 16 cases in which 
they associated the tumor and the metastasis with 
the complete syndrome. In one of these patients they 
were able to diagnose carcinoid of the ileum before 
laparotomy was performed. 

Serotonin and cardiac involvement in carcinoid: 
Characteristically, patients with this curious disease 
have large amounts of serotonin or 5-hydroxytryp- 
tamine in the bloodstream. There is also an in- 
creased urinary excretion of a catabolite, 5-hydroxin- 
doleacetic acid or 5 HIAA, as reported by Sjo- 
. erdsma et al.!? Lembeck?! stated that the metasta- 
ses produce massive amounts of serotonin, 2 to 5 
mg/g, compared to the 2 to 15 ug/g found in normal 
tissue. 

5-hydroxytryptamine is mostly inactivated in the 
liver, lungs and brain, which are very rich in mono- 
amine oxidase. It seems improbable that the entire 
syndrome is caused by the altered metabolism of just 
one substance. However, pellagra-like lesions may be 
due to excessive use of tryptophan by the metastasis 
to produce serotonin rather than nicotinamide. 
Serotonin is a very powerful stimulator of the 
smooth muscles, and this action explains the bron- 
chospasm, diarrhea and consequent cramps, nausea, 
malabsorption, anemia and loss of weight. Flushing 
and telangiectasis are caused by the potent vasodila- 
tor action of serotonin. Changes in behavior of the 


patient may be related to the metabolism of the sub- 
stance in the brain. 

Cardiac involvement is difficult to explain on the 
basis of an altered metabolism of serotonin. The 
changes are most likely due to the large amounts of 
serotonin that reach the heart without being inacti- 
vated in the liver because the metastases are large 
enough to overwhelm the capacity of the liver. Wal- 
denstrom and Ljungberg!? suggested that the in- 
creased amounts of serotonin carried by the platelets 
could be responsible for the alterations in the perme- 
ability of the endothelium with deposition of plate- 
lets, thereby producing valvulitis of the right side of 
the heart. This produces cicatricial deformity of the 
tricuspid and pulmonary valves. The mitral and aor- 
tic valves are protected by the amine oxidase present 
in the lungs. 

Serotonin may be responsible for functional alter- 
ations of the heart. Thorson and Nordenfelt!3 noted 
reduced cardiac output in patients with carcinoid 
syndrome. Roberts and Sjoerdsma!* found that 
serotonin increases the cardiac output in patients 
without cardiac involvement. However, they were 
unable to produce valvular disease in animals with 
injections of serotonin. Schwaber and Lukas!? re- 
ported that serotonin increases contractility of the 
myocardium by direct action on the fibers. They 
speculated that heart failure could be due to the 
combination of increased cardiac output and valvular 
deformities. Schweizer et al.19 described a patient 
with carcinoid syndrome and involvement of the four 
chambers of the heart without evidence of a patent 
foramen ovale and without lung metastasis. McKus- 
ick!? described a patient with disease of the left side 
of the heart due to a right to left shunt. Ludwig! re- 
ported on four patients with fibrosis of both venae 
cavae, hepatic veins and the coronary sinus, and 
Rokseth and Sanderud!? described a patient with in- 
volvement of the right atrial wall. 

Carcinoid tumors are known for their low level of 
malignancy, even in the presence of liver metastasis. 
When cardiac involvement occurs, progressive and 
inexorable right ventricular failure, superimposed on 
impaired hepatic function, may produce a fatal out- 
come in a matter of months. 

Surgical indications: We strongly believe that 
patients with significant valvular deformities who do 
not respond to medical treatment should be operated 
upon in order to extend the time of survival and im- 
prove the quality of life. We recommend replacement 
of the tricuspid valve with a prosthetic disc valve 
with a muscle guard. Once alterations in the tricus- 
pid leaflets and annulus occur, creating combined 
stenosis and insufficiency, good repair is impossible. 
Pulmonary valvotomy would appear best for the pa- 
tient even in the presence of some residual pulmo- 
nary insufficiency after operation, since no satisfac- 
tory prosthetic valve for the pulmonary area is pres- 
ently available. Our experimental and clinical data 
indicate that a small to moderate amount of pulmo- 
nary insufficiency is well tolerated in the experimen- 
tal animal and in man. 
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Pseudomonas aeruginosa endocarditis in a heroin addict was cured 
with polymyxin B sulfate, gentamicin sulfate and carbenicillin thera- 
py. There are 46 published reports of pseudomonas endocarditis but 
only 5 well documented cases of successful treatment. Previous 
cardiac surgery had been carried out in 60 percent of recently re- 
ported cases, and 20 percent of all cases occurred after the use of 
intravenously administered narcotic agents or medication. Other 
predisposing conditions included skin infection and gastrointestinal or 
genitourinary tract infection or surgery. The suggested antibiotic 
regimen for pseudomonas endocarditis should include polymyxin B, 
gentamicin and probably carbenicillin in maximal tolerated doses 
for a minimal period of 6 to 8 weeks. 


Pseudomonas endocarditis is uncommon and usually fatal. A case of 
Pseudomonas aeruginosa endocarditis successfully treated with a 
combination of polymyxin B sulfate, gentamicin sulfate and carbeni- 
cillin is reported, and the literature is reviewed. 


Case Report 


A 36 year old male heroin addict was admitted to The New York Hospital 
with fever and shaking chills. At age 12 years he was noted to have a heart 
murmur on a routine examination, but he was not restricted in physical ac- 
tivity. Six weeks before admission he discontinued intravenous administra- 
tion of narcotic agents. During the withdrawal period he was unconscious 
several times. Two weeks before admission he experienced shaking chills, 
pleuritic chest pain and a nonproductive cough. 

On admission, the temperature was 104.4 F, pulse 104/min, respirations 
20/min, and blood pressure 120/60 mm Hg. Rales were present in the right 
lateral chest. A grade 2/6 systolic ejection murmur and a grade 4/6 diastolic 
decrescendo murmur were present in the pulmonic area and radiated to the 
apex and left shoulder. A third heart sound (S3 gallop) was present. There 
were healed needle marks on both forearms. Physical examination was other- 
wise normal. Laboratory data included a value for hemoglobin of 12.6 g/100 
ml and a white blood cell count of 21.600/mm? with 68 percent polymorpho- 
nuclear leukocytes, 20 percent bands and 12 percent lymphocytes. Results of a 
urinalysis and values for blood urea nitrogen, serum creatinine, glutamic 
oxaloacetic transaminase (SGOT), glutamic pyruvic transaminase (SGPT) 
and lactic dehydrogenase were normal. The electrocardiogram was normal. A 
chest roentgenogram showed a 3 cm cavitating lesion in the right lower pulmo- 
nary lobe. 

The hospital course is depicted in Figure 1. A regimen of penicillin, methi- 
cillin and tetracycline was begun. On the sixth day three blood cultures and a 
sputum culture obtained on admission were reported positive for P. aerugin- 
osa. Administration of gentamicin, 150 mg/day intravenously, was begun and 
treatment with tetracycline and methicillin sodium was discontinued. Sub- 
sequently, 10 consecutive blood cultures from the 4th to the 12th days grew 
P. aeruginosa. Five blood cultures were negative during the first 4 days while 
the patient was receiving large doses of penicillin, methicillin and tetracycline. 
In vitro tube dilution sensitivity tests indicated that the patient’s pseudom- 
onas organism was inhibited by the following antibiotic concentrations: genta- 
micin, 6.2 ug/ml; polymyxin B, 3.1 ug/ml; carbenicillin 31.3; pg/ml; and 
tetracycline, 12.5 ug/ml. Neither penicillin nor methicillin inhibited the 
organism in concentrations of 500 ug/ml. 
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FIGURE 1. Patient's hospital course. 


The patient remained febrile, with violent rigors and 
cough. Bronchoscopic findings were normal. On the 12th 
day the dose of gentamicin was increased to 300 mg/day 
and treatment with polymyxin B, 150 mg/day, was begun. 
The serum creatinine level reached 6.6 mg/100 ml on the 
27th day. The dose of gentamicin was reduced to 150 mg/ 
day and that of polymyxin B to 75 mg/day. As the serum 
creatinine level returned toward normal, the dose of these 
antibiotic drugs was increased. 

On the 52nd day severe vertigo developed. Administra- 
tion of gentamicin was discontinued, and the vertigo 
ceased in 2 weeks. On the 57th day carbenicillin therapy 
was begun but was discontinued 10 days later because of 
severe anorexia and a rise in the level of SGOT to 2,240 
international units and of SGPT to 760 international 
units. Results of the serum hepatitis antigen test were 
negative. The SGOT and SGPT levels promptly returned 
to normal. 

All antibiotic agents were discontinued on the 69th day. 
The total treatment regimen consisted of 57 days of poly- 
myxin B (8.0 g), 47 days of gentamicin (11.4 g) and 10 
days of carbenicillin (280 g). Throughout therapy the pa- 
tient’s serum was bactericidal in a 1:2 to 1:8 dilution 
against his infecting organism. The patient was asymp- 
tomatic when discharged on the 79th day. The systolic 
and diastolic murmurs were decreased in intensity, and 
the lungs were normal. A chest X-ray film showed a re- 
solving thin-walled cavity. The patient was followed up in 
the outpatient clinics for the next 18 months and re- 
mained well. During this time eight blood cultures were 
negative and multiple chest X-ray films were normal. 


Discussion 


This is the first case of pseudomonas endocarditis 
at The New York Hospital in over 400 cases of bac- 
terial endocarditis since 1944. The presence of mur- 
murs of pulmonic stenosis and insufficiency and a 
lung abscess make the pulmonic valve the probable 
site of infection. The history of a heart murmur 
suggests antecedent cardiac disease. The recent use 
of intravenously administered narcotic drugs was the 
likely source of infection. Response to antimicrobial 
therapy was slow, as indicated by the persistence of 
positive blood cultures for 6 days after the institu- 
tion of gentamicin therapy. Cure was achieved with 
a prolonged course of intravenously administered 
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polymyxin B, gentamicin and carbenicillin. The 
daily antibiotic dosages varied; however, the pa- 
tient’s serum was bactericidal in a 1:2 to 1:8 dilu- 
tion throughout therapy. Drug toxicity was a major 
problem, but therapy was never discontinued. 

Forty-six cases of pseudomonas endocarditis have 
been reported since 1897.1-37 Underlying heart disease 
was noted in 29 patients (63 percent). Insufficient data 
were reported in eight cases, and in nine cases no 
cardiac lesions were recognized (Table I). Previous 
cardiac surgery was the most common associated 
condition and was present in 39 percent of all cases 
and in 18 of 30 cases (60 percent) reported since 
1953. Endocarditis was evident within 1 month of 
the operation in all but two patients. Previous bacte- 
rial endocarditis and rheumatic heart disease were 
infrequently associated conditions. 

The heart valves involved could be determined in 
24 of 28 patients who had no previous cardiac sur- 
gery (Table II). The mitral and aortic valves were in- 
volved six times as often as the tricuspid and pul- 
monic valves. The patient with pulmonic valve 
endocarditis and two patients with tricuspid valve 
infection were drug addicts. Two of these patients 
also had involvement of more than one heart valve. 


TABLE | 


Cardiac Conditions Associated with Pseudomonas 
Endocarditis in 46 Reported Cases 











Patients 
(no.) 
Previous bacterial endocarditis 2 
Rheumatic heart disease 5 
Cardiac surgery 18 
Prosthetic valve replacement 6 
Valve commissurotomy 4 
Atrial septal defect repair 3 
Ventricular septal defect repair 3 
Tetralogy of Fallot repair 2 
Heart disease, type not specified 4 
None recognized or not stated 17 
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TABLE Il 


Heart Valve Infected in 28 Patients Without 
Previous Cardiac Surgery* 


TABLE Ill 


Predisposing Conditions in 28 Patients Without Previous 
Cardiac Surgery 











Patients Patients 
Valve (no.) (no.) 
Mitral 15 Skin infection 2 
Aortic 9 Intravenously administered 9 
Pulmonic 1 narcotic agents or medication 
Tricuspid 3 Genitourinary infection or surgery 7 
Unknown or not stated 4 Gastrointestinal infection or 3 
: surgery 
* Three patients had involvement of more than one heart None recognized or not stated 7 


valve. 


In a recent review of endocarditis in drug addicts, 
pseudomonas was the etiologic agent in 4 of 93 
cases.37 An increased incidence of tricuspid valve 
endocarditis has also been reported among drug 
addicts.38-40 

Predisposing conditions in the 28 patients without 
previous cardiac surgery are listed in Table III. In 
nine patients endocarditis developed in conjunction 
with a regimen of intravenously adminis- 
tered narcotic agents or medication. Only two of these 
patients had a history of cardiac disease. Infection 
in—or previous surgical treatment of—either the 
genitourinary or gastrointestinal tract was noted in 
10 patients and skin infection was present in 2. 

Prognosis: Pseudomonas endocarditis is usually 
fatal; however, the precise mortality rate is difficult 
to determine since therapeutic failures are usually 
not reported. It may also be difficult to establish a 


TABLE IV 
Reported Cases of Cured Pseudomonas Endocarditis 





diagnosis of endocarditis in patients with sustained 
bacteremia in the immediate period after cardiac 
surgery since the bacteremia may originate from 
other sites of infection.41 Several reports32.39,36 of 
successful treatment are difficult to evaluate for this 
reason and others, including cure reported without 
antimicrobial therapy,?° absence of infection at the 
time of replacement of a prosthetic heart valve after 
a short course of antimicrobial therapy,?? lack of fol- 
low-up after a brief treatment period?9 and insuffi- 
cient data.15.16.19 

Treatment: There are only five well documented 
cases of cured pseudomonas endocarditis (Table IV). 
Four of the patients had recently undergone cardiac 
surgery with cardiopulmonary bypass. The interval 
between open heart surgery and the detection of 
pseudomonas bacteremia ranged from 18 days to 20 
weeks. The fifth patient had no known underlying 
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Age Previous Cardiac Surgery Duration of 
(yr) and Interval Before Dose and Duration Follow-Up 
Reference & Sex Pseudomonas Bacteremia of Therapy Reoperation Period (mo.) 
Teitel and Florman? 14F Repair of IASD and closure of Polymyxin B, 10 g, 123 days Yes* 24 
patent ductus arteriosus, Sulfadiazine, 600 g, 75 days 
20 weeks 
Lloyd and Gorden” 20F None Polymyxin B, 6.5 g, 47 days — 12 
Colistin sulfate, 2.2 g, 17 days 
Beckwith et al.” 47M Repair of IASD, 1 month Polymyxin B, 7.4 g, 60 days Yes* 20 
Tetracycline, 59 g, 28 days 
Pressman et al.” 42F Mitral commissurotomy, 18 days Polymyxin B, 1.6 g, 17 days No 12 
Colistimethate, 5.7 g, 19 days 
Cephalothin, 248 g, 31 days 
Uthman and Uwayda*! 22M Repair of IASD and Polymyxin B, 1.6 g, 26 days No 5 
infundibular pulmonary Colistimethate, 6.7 g, 28 days 
stenosis, 6 weeks Kanamycin, 45 g, 49 days 
Present case 36M None Polymyxin B, 8.0 g, 57 days — 18 


* Removal of infected cardiac suture. 
IASD = interatrial septal defect. 
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Gentamicin, 11.4 g, 47 days 
Carbenicillin, 280 g, 10 days 


heart disease or other predisposing condition. All five 
patients received polymyxin B for periods of 17 to 
123 days, with a total dose of 1.6 to 10 g. Three pa- 
tients also received colistimethate sodium or colistin 
sulfate, but in two of these cases the therapeutic re- 
sponse was attributed to polymyxin B.?7.33 Despite 
adequate doses of polymyxin B for periods of 7 to 16 
weeks, two patients required reoperation for removal 
of infected atrial sutures. 

Findings in these five cases and in our case suggest 
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that the appropriate antibiotic regimen for the treat- 
ment of pseudomonas endocarditis should include 
polymyxin B and gentamicin. Since the mortality 
rate is so high, these agents should be administered 
in the maximal dosage tolerated for a minimal peri- 
od of 6 to 8 weeks from the date of the last negative 
blood culture. Carbenicillin may also be added to the 
regimen, although its usefulness may be limited by 
the emergence of resistant organisms during pro- 
longed therapy.*? 
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Prinzmetal variant angina occurred in a 47 year old man only in as- 
sociation with the ingestion of alcohol. Results of exercise testing 
were normal. Coronary arteriography substantiated the presence of 
two significant coronary lesions. Double aortocoronary saphenous 
vein bypass grafts resulted in complete relief of symptoms. 


Coronary artery disease can produce a variety of symptom com- 
plexes. One interesting and clinically significant coronary syndrome 
is the "variant angina" described by Prinzmetal.1-3 In this lesion, 
angina is commonly unrelated to exercise or emotion, often occurs 
during sleep, and is associated with S-T segment elevation rather 
than depression. Patients with this syndrome tend to have proximal 
coronary lesions*-> and a high mortality rate. With the introduction of 
aortocoronary saphenous vein bypass graft surgery of diseased coro- 
nary arteries, this syndrome has assumed particular clinical signifi- 
cance. The case presented is unusual in that the symptom complex 
was consistently incited by the ingestion of alcohol. 


Case Report 


A 47 year old pilot was admitted to the U. S. Coast Guard Academy Hos- 
pital with a complaint of severe bilateral jaw pain occurring at night during 
the 3 weeks before admission. The pain was gradual in onset, always occur- 
ting between 11:00 PM and 1:00 AM and arousing the patient from sleep. 
It lasted 1 to 2 hours and occasionally radiated to the mid-anterior chest. 
Its frequency of occurrence had increased in the last week before admission. 
The pain was unrelated to exercise, and emotional stress was a factor in 
only one instance. The patient was a cigarette smoker (60 packs/year) 
and consumed an average of three to four beers a day, usually in the late 
afternoon. The family history was noncontributory. 

Physical examination was completely within normal limits. Complete 
blood count, urinalysis, serial enzyme determinations, and chest X-ray 
films disclosed normal findings. The electrocardiogram showed nonspecific 
T wave changes in leads II, III, and aVF. Serum cholesterol and triglyceride 
values were 276 and 131 mg/100 ml, respectively. 

During continuous monitoring for 5 days, the patient had no pain or 
change in clinical status, although he was allowed to smoke on the 4th and 
5th hospital days. He was discharged with instructions to return if the pain 
recurred. One week later the patient returned and stated that the pain now 
appeared only in the early evening and only if he drank beer before dinner. 
On one occasion, it was associated with ingestion of 2 oz of whiskey before 
dinner. Strenuous effort was not associated with chest or jaw pain. 

The patient was transferred to Yale-New Haven Hospital for further eval- 
uation. After 3 days of monitoring at complete bed rest and three negative 
serial enzyme studies, he underwent an upper gastrointestinal roentgeno- 
gram which was normal. A graduated exercise test was then carried out on 
a bicycle ergometer. Resistance was increased at 25 watt increments every 4 
minutes, and the study was terminated at 100 watts by the patient's fatigue. 
No S-T segment changes were noted. He was then given 24 oz of beer be- 
fore dinner and kept at bed rest. Two and one-half hours later severe bilat- 
eral jaw pain occurred with associated S-T segment elevation in the inferior 
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leads (Fig. 1). These elevations returned to normal with 
subsidence of the pain, recurred 30 minutes later and then 
were terminated by intravenous administration of 10 mg 
of morphine sulfate. No enzyme changes were noted. 

Coronary arteriography performed the following morn- 
ing revealed 90 percent stenosis of the main left circum- 
flex artery and 50 to 75 percent stenosis of the proximal 
left anterior descending artery. The left circumflex artery 
was the dominant vessel. In addition, left ventriculog- 
raphy revealed a hypokinetic inferior wall. Left and right 
heart pressure values were within normal limits. In the 
afternoon, aortocoronary saphenous vein bypass grafts to 
the circumflex and anterior descending arteries were per- 
formed. The postoperative course was uneventful except 
for a brief episode of atrial fibrillation. Subsequently the 
patient has been asymptomatic and has ingested alcoholic 
beverages without recurrence of pain. 


Discussion 


This patient presents some interesting aspects of 
coronary artery disease, but perhaps the most un- 
usual is the consistent relation of the Prinzmetal 
variant angina to the ingestion of alcohol. Alcohol is 
known to produce acute effects on the cardiovascular 
system, including alterations of myocardial metabo- 
lism® and increases in stroke work," plasma and 
intracellular osmolality,’ water excretion? and uri- 
nary catecholamine excretion.!? The exact pharma- 








cologic and toxic effects of alcohol that precipitated 
the pain syndrome in this patient are unknown, al- 
though any or all of the previously mentioned (or as 
yet unknown) factors could have contributed. 

Unfortunately, blood levels of alcohol were not de- 
termined during the single episode of pain observed 
by physicians. Alcohol levels are usually quite low 6 
to 8 hours after minimal ingestion, but absorption 
may be delayed or slowed up to 6 hours by various 
factors, including the presence of food in the stom- 
ach.11 This delay may have been a factor in our pa- 
tient. It appears that in some way alcohol altered 
cardiovascular homeostasis sufficiently to cause 
myocardial oxygen needs to outstrip the supply. 

This case should remind the physician that a pa- 
tient's own observations about his symptoms must be 
anal zed and investigated. If our patient had not 
been given beer while under observation by a physi- 
cian, his classic electrocardiographic changes might 
have been missed. These changes were considered to 
represent an indication for immediate saphenous 
vein bypass grafting because of their prognostic im- 
plications. Reported cases with Prinzmetal's angina 
suggest an average incidence of death or infarction of 
50 percent in 1 year.1-5 However, the validity of an 
aggressive surgical approach will have to be con- 
firmed by controlled prospective surgical studies. 
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Modern revascularization surgery was introduced by 
Sones’s technique for selective coronary arteriogra- 
phy.! Whatever surgical efforts were expended before 
are of historical interest only, and it does little good 
te dwell on past failures; besides, the statute of limi- 
tations for an earlier era should have expired by now. 
The current era of revascularization surgery began 
in 1960 with mammary implantation, endarterec- 
tomy and patch-graft reconstruction, but things 
didn’t really move until Favaloro popularized vein 
grafts in May 1967.2 The simplicity of vein graft pro- 
cedures and the obvious benefits that were immedi- 
ately obtained stimulated interest even among indi- 
viduals who had been militantly opposed to the con- 
cept of coronary artery surgery. At this writing, di- 
rect revascularization surgery is in high fashion. In 
the past 5 or 6 years a large and vocal group of sur- 
geons and cardiologists have loaded the medical lit- 
erature and crowded medical forums to express their 
views, both pro and con. Those who favor revascu- 
larization surgery point to the less than impressive 
results of medical treatment, the obituarial statistics 
of coronary atherosclerosis, the relatively low failure 
rate of modern surgery and the impressive rehabili- 
tation that may be accomplished in the patient with 
coronary disease who has undergone surgery. The 
antagonists, usually die-hard cardiologists of the 
proverbial Old School, set up a succession of defense 
lines based on the theories that true revasculariza- 
tion is rarely accomplished, that myocardial metabo- 
lism is unaltered even if it is and that revasculariza- 
tion surgery, even if successful, will have little impact 
upon the longevity of the patient who is a victim of 
coronary atherosclerosis. It is of particular interest, 
and somewhat amusing, that the gladiators of both 
sides have found only one common point of agree- 
ment—revascularization surgery must not fall into 
the hands of every "Tom, Dick, and Harry.” This 
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oft-repeated admonition suggests that there is some- 
thing sinister or suspect about surgeons identified 
with these nicknames, particularly those who func- 
tion in the comparative obscurity of their communi- 
ty environs. 

The recent report,? “Optimal Resources for Coro- 
nary Artery Surgery” by the Inter-Society Commis- 
sion for Heart Disease Resources, refers to the unfor- 
tunate debacle of the 1950’s when unqualified sur- 
geons, enthusiastic about the introduction of open 
heart surgery, purchased and poorly utilized pump 
oxygenators. Although the report does not state so 
specifically, one might assume from it that the re- 
sulting unwarranted loss of life was incurred primari- 
ly in nonacademic hospitals. Going further, this well 
intended report offers criteria and recommendations 
that are intended as guidelines for community hospi- 
tal teams. The attitude reflected is not in itself bad, 
nor does it detract from the report of the Committee 
on Coronary Artery Surgery,? but it does imply by 
omission that university hospitals are less in need of 
guidance. A critical appraisal at this time might 
suggest that such an attitude is more traditional 
than realistic. This is of considerable import because 
the health care of most Americans is traditionally 
provided at the community level. If revascularization 
surgery is to increase at its present rate, and if it 
should not be done at the community level, then sur- 
gical facilities, presently nonexistent, will be re- 
quired and soon. 

Chest, official publication of the American College 
of Chest Physicians, annually reports a mail survey 
of hospitals in this country that are identified with 
revascularization surgery. This survey is intended to 
assess the volume and the initial mortality figures of 
coronary artery surgery at the present time. In a re- 
cent issue of Chesi* the results of the 1971 poll and 
an accompanying editorial were published. The edi- 
torial referred to a “disquieting” discrepancy be- 
tween the results of most hospitals and those of the 
Cleveland Clinic Hospital. Unfortunately, the Chest 
survey did not include a number of community hos- 
pital programs with mortality statistics comparable 
to ours; this omission is explained by the simple fact 
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that the participation of these hospitals was not 
known to the survey-maker. The editorial has 
prompted a rather vigorous dialogue? from which it 
is apparent that many experts who should know do 
not know the actual state of revascularization sur- 
gery today. There is a parallel in the attitudes re- 
flected in Chest’s dialogue®® and in the delibera- 
tions of the Committee on Coronary Artery Surgery.? 
It becomes increasingly clear that some experts have 
a limited awareness of what is happening in the out- 
side world. Medical surveys are used to gather facts 
and information, even from the grass roots of Ameri- 
can medicine. On the basis of information that is al- 
ready in, but not well disseminated, it appears that 
some surgeons who perform revascularization surgery 
get far better results than others. Therefore, it might 
be time to declare a moratorium on medical joust- 
ings and begin to deal with realities. With this 
thought in mind, it might behoove us to take a look 
and see what “Tom, Dick, and Harry" really have to 
offer. 


The Changing Academic Scene 


The aura of superiority reflected by most academic 
surgical centers is best explained as traditional. This 
stems largely from a generation back when the most 
advanced clinical surgery was practiced in the uni- 
versity environment and a few of the outstanding 
private clinics. Yesterday’s professor of surgery was 
usually the faculty giant; he had national prestige, 
he enjoyed teaching, he had a large private practice 
that yielded substantial income and he played the 
role of superconsultant to surgeons who called on 
him in times of trouble. 

Times have indeed changed! Most medical schools 
have cut this giant down to size, or replaced him by 
one of the new breed who travel with a briefcase, en- 
gage in various research projects and the financing 
thereof, and have little time or interest for clinical 
surgery. Invariably, the new professor of surgery is 
discovered by the ubiquitous search committee com- 
prised of a psychiatrist, a microbiologist and the pro- 
fessor of behavioral sciences. Being full-time and as- 
sured of tenure, the new professor of surgery is unfet- 
tered by the need for productivity that was required 
under the old profit-incentive system. His committee 
responsibilities and organizational travels leave him 
little time for the operating room. A number of our 
academic institutions that are currently approved for 
postgraduate training in cardiovascular surgery 
boast that nearly all major cardiac procedures are 
performed by members of the resident staff. This 
contrasts a bit with the time when the resident in 
surgery learned his craft and gained his inspiration 
by assisting the Master. This may explain why sur- 
gery for acquired heart disease as practiced in many 
of our university hospitals routinely requires inordi- 
nately long periods of extracorporeal circulation and 
is attended by unusually high rates of postoperative 
infarction. There are outstanding exceptions, of 
course, but the situation has changed drastically; 
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and one would be hard-put to prove that the aca- 
demic surgeon offers a product superior to that of the 
board certified man in private practice. 


The Changing Community Scene 


What about the qualified cardiac surgeons who 
practice in their respective communities answering 
to the names “Tom, Dick, or Harry"? We tend to 
forget that these men who have completed approved 
training programs have been certified by both the 
American Board of Surgery and the American Board 
of Thoracic Surgery; no other specialty makes such 
stringent demands upon its surgeons! Yet so little is 
said and so little is generally known of their profes- 
sional performances. Certain persons achieve region- 
al or national stature, but the majority practice in 
relative anonymity except within their own environs. 
Some of these men who read the report of the Com- 
mittee on Coronary Artery Surgery? might resent 
with cause a paragraph that states, "However, by- 
pass surgery for this group of patients (community 
hospital) cannot yet be regarded as an established 
procedure.” As it is written, this statement simply 
does not jibe with the facts. Unfortunately, this final 
report was published before the committee received 
sufficient cumulative data that would permit analy- 
sis and possible inclusion in this important docu- 
ment. Actually, a considerable amount of revascular- 
ization surgery has been performed at the communi- 
ty level in American hospitals and, as stated before, 
the experience compares favorably with that of the 
Cleveland Clinic team. The majority of these hospi- 
tals remember well the beginnings of open heart sur- 
gery and some of its unfortunate misadventures; 
they had no intention of following another uncharted 
course with coronary artery surgery. Many of these 
hospitals obtained feasibility studies and structured 
realistic programs from them. Most recognized that 
the basic ingredients for success include well trained 
professional personnel, a functional cardiovascular 
laboratory, a team of qualified surgeons and anesthe- 
siologists and cooperation from intensive care units 
and clinical laboratories. Many of the community 
hospitals with flourishing revascularization surgical 
programs did not consider it demeaning to ask for 
professional help and guidance before taking off on 
these surgical ventures. This editorial cannot list the 
numerous community hospitals that provide revas- 
cularization surgery; some states are richly endowed. 
Michigan, for example, has excellent community 
programs in Flint, Grand Rapids and Kalamazoo; 
this same state has three medical schools, but none 
of the three has matched the revascularization rec- 
ords of its nonacademic neighbors. To those who 
have had the opportunity to observe these communi- 
ty hospital programs at first hand, it is immediately 
evident that they are functioning with a hospital 
mortality rate well below 5 percent, usually without 
benefit of house staff, and serving primarily the 
needs of their respective communities. This remark- 
able productivity is by no means universal, but it 


August 1973 The American Journal of CARDIOLOGY Volume 32 241 





EDITORIALS 


has been strikingly uniform in hospitals that have 
conscientiously prepared realistic programs for diag- 
nosis and treatment of coronary artery disease. 

The established fact that the community hospital 
can perform revascularization surgery with impres- 
sive results has not been swept under the rug. Our 
communications have been poor, and as a result 
many of our experts are without essential informa- 
tion in this area. The cardiac surgeon who works in 
community hospitals is not secretive by nature; he 
simply does not have a forum that will allow him to 
present his surgical experience. A case in point is 
that of a Flint, Michigan surgeon who has had a 
clinical experience of more than 350 patients oper- 
ated on with bypass vein graft techniques and a hos- 
pital mortality rate of 1.75 percent. I have had the 
opportunity of reviewing one of the four papers he 
has submitted describing his own surgical experience 
and have been impressed; apparently none of the 
editors have been, since his rejection rate remains an 
even 100 percent! 

This editorial is not intended to be an indictment 
of academic surgery per se nor a blanket endorse- 


`- 


ment for every “Tom, etc." It simply calls attention 
to a facet of American surgery that today merits 
more attention than it gets. It also states a profes- 
sional conviction that direct revascularization sur- 
gery has had reasonable time for standardization and 
that there is little excuse for wide gradients in post- 
operative surgical results. Since there is no bureau of 
standards to govern clinical surgery in the United 
States, postoperative results should tell all con- 
cerned who are qualified and who are not qualified 
to practice revascularization surgery. Unfortunately 
the failure to disseminate critical information has 
kept many interested physicians from realizing that 
good results in revascularization surgery are not 
monopolized by a few major centers. Sones has sug- 
gested that the best interests of American patients 
would be served if all catheterization laboratories 
and revascularization teams would submit to some 
form of external audit. In this way those concerned 
could determine who should and who should not 
participate in the diagnosis and treatment of isch- 
emic heart disease. This suggestion is worthy of 
thought. 
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Another patient benefit product from 








RIOPAN 


ANTACID SUSPENSION 


Lowest 
sodium 
content 
of the 6 
leading 
antacids* 


Pleasant, fresh 
mint-like taste 


Consistently 
effective 


RIOPAN 


Brand of 


magaldra 


Also available in 
Chew and Swallow Tablets 


Ayerst. AYERST LABORATORIES 
L A * } New York, N.Y. 10017 
* Adapted from Penna, R. P.: Antacids, in Hand- 
book of Non-Prescription Drugs, Washington, 


D.C., American Pharm. Assn., 1971 Edition, p. 7. 





Pronestyl’ Capsules/Injection 
(Procainamide Hydrochloride) 


Contraindications: In patients with myasthenia gravis and where 
ahypersensitivityto procainamide and related drugs exists. Should 
not be given to patients with complete atrioventricular heart block. 
Contraindicated in cases of high-degree A-V block unless an elec- 
trical pacemaker is operative. 

Administration: Oral administration is preferred. When paren- 
teral therapy is necessary, intramuscular administration is the 
method of choice. Intravenous use should be limited to extreme 
emergencies, be administered as a dilute infusion, and the patient 
be monitored electrocardiographically whenever practicable 
throughout the infusion. The intravenous dcse should not exceed 
1g. Administer at a rate not exceeding 25 to 50 mg. per minute. 

Should procainamide therapy be continued for any appreciable 
period, electrocardiograms should be madeoccasionally to deter- 
mine its further need 
Precautions: Evidence of untoward myocardial response should 
be carefully watched for in all patients. In the presence of myocar- 
dial damage with atrial fibrillation or flutter, the ventricular rate may 
increase suddenly as the atrial rate is slowed; adequate digitaliza- 
tion reduces but does not abolish this danger. Ventricular tachysys- 
tole is particularly hazardous. 

The dislodgement of mural thrombi producing an embolic epi- 
sode may occur in correcting atrial fibrillation due to the forceful 
contractions of the atrium. 

Extreme caution is required in attempting to adjust the heart 
rate when ventricular tachycardia has occurred during an occlu- 
sive coronary episode or where the use of procainamide may 
result in additional depression of conduction and ventricular asys- 
tole or fibrillation as in A-V block, bundle branch block, or severe 
digitalis intoxication 

Parenteral administration should be monitored electrocardio- 
graphically whenever practicable. Parenteral administration 
should be discontinued at once if electrocardiograms give evi- 
denceof impending heart block. This complication should be kept 
inmind whentreatingventriculararrhythmias (especially parenter- 
ally) in patients with severe organic heart disease and ventricular 
tachycardia who may also have complete heart block. Since asys- 
tole may result if the-ventricular rate is significantly slowed without 
attainment of regular atrioventricular conduction, procainamide 
should be stopped and the patient re-evaluated. 

Inthe presence ofboth liver and kidney damage, normal dosage 
may produce symptoms of overdosage—principally ventricular 
tachycardia and severe hypotension. 

A syndrome resembling lupus erythematosus has been re- 

ported with maintenance procainamide therapy. Common symp- 
toms are polyarthralaia, arthritis and pleuritic pain. Fever, myalgia, 
skin lesions, pleural effusion and pericarditis may also occur. Rare 
cases of thrombocytopenia or Coombs-positive hemolytic ane- 
mia, possibly related to this syndrome, have been reported. Mea- 
sure anti-nuclear antibody titers at regular intervals in patients on 
procainamide for extended periods of time or in whom symptoms 
suggestive of lupus-lixe reaction appear; discontinue drug in event 
of rising titer or clinical symptoms of LE. Steroid therapy may be 
effective if discontinuation of procainamide does not cause remis- 
sion of symptoms. If the syndrome develops in a patient with re- 
current life-threatening arrhythmias not otherwise controllable, 
steroid-suppressive therapy may be used concomitantly with 
procainamide. 
Adverse Reactions: Because procainamide is a peripheral vaso- 
dilator, it may producea hypotensive response, sometimes precip- 
itous when given intravenously. Blood pressure should be mea- 
sured almost continuously during the infusion which should be 
temporarily discontinued ifthe fall exceeds 15 mm. Hg. The hypo- 
tensive responseislesslikelyto occur from intramuscular injection 
and is rare following oral administration. Serious disturbances of 
cardiac rhythm such as ventricular asystole or fibrillation are also 
more common with |.V. administration. 

Large oral doses may sometimes produce anorexia, nausea, 
urticaria, and/or pruritus 

Reactions consisting of fever and chills; soreness of mouth, 
throat, or gums; and symptoms of upper respiratory tract infection 
have been reported. Agranulocytosis has been occasionally re- 
ported following prolonged use of the drug, and deaths have oc- 
curred. Therefore, routine blood counts are advisable during 
maintenance therapy. If any of the above symptoms should occur 
and leukocyte counts indicate cellular depression, procainamide 
therapy should be discontinued and appropriate treatment should 
beinstitutedimmediately. Diarrhea, weakness, mental depression, 
giddiness, psychosis with hallucinations, hypersensitivity reac- 
tions such as angioneurotic edema and maculopapular rash, and 
bitter taste have been reported 

The package insert should be read carefully to become familiar 
with the recommended oral and parenteral dosage for the indi- 
cated conditions 
How Supplied: Pronestyl Capsules (Procainamide Hydrochlo- 
ride Capsules U.S.P.) providing 250 mg. and 500 mg. are available 
in bottles of 100 and 1000 and Unimatic* Single Dose packaging 
in cartons of 100. Capsules providing 375 mg. are availabie in bot- 
tles of 100. Pronestyl Injection (Procainamide Hydrochloride In- 
jection U S.P.) providing a 10% sterile aqueous solution (100 mg./ 
CC.) with 0.9% (w/v) benzyl alcohol is available in 10 cc. vials 

©1973 E. R. SQUIBB & SONS, INC. 443-016.. 


At the first sign of trouble 





Pronestyl 
(Procainamide Hydrochloride) 


for premature 
ventricular contractions 


SQUIBB 


‘A i fon Ingredie every product 
honor and integr oe its maker. ™ See opposite page for brief summary. 


When the patient is at risk because of K-loss 


Potassium depletion can become a hazard in: | 
* diuretic therapy 

* digitalis therapy 

* prolonged and severe vomiting 

* prolonged corticosteroid therapy 


...an answer that makes sense is K-LOR 
(POTASSIUM CHLORIDE SUPPLEMENT) 


K-LOR provides both potassium and chloride ions— 
allowing for complete correction of potassium 
imbalance associated with diuretic therapy. 


There is less chance of gastric upset with K-LOR 
since it is provided in single dose packets of powder 
that must be diluted with liquid. 


The single-dose packet assures you of accurate dosage 
and provides convenience for the patient. 


KLOR Sa 


Because potassium supplementation is serious medicine 


Contraindications: Potassium chloride is contraindicated in the presence of severe 
renal impairment with oliguria or azotemia, untreated Addison's disease, ady- 
namia episodica hereditaria, acute dehydration, heat cramps, and hyperkalemia 
from any cause. 

Potassium chloride should not be employed in patients receiving potassium- 
sparing agents such as aldosterone antagonists and triamterene. 


Precautions: With normal kidney function, potassium intoxication from oral 

administration is not likely to occur, since renal excretion of the ion increases 

in response to a rise in the concentration of body potassium. Nevertheless, potas- 

sium supplements must be administered with caution, since the dietary or daily 

amount is not accurately known. Frequent checks of the patient's clinical status 

and periodic ECG and/or serum potassium levels should be done. High serum 

concentrations of potassium ion may result in death through cardiac depression, 

arrhythmia, or arrest. The drug should be used with caution in the presence of 
cardiac disease and svstemic acidosis. 


Adverse Reactions: Side effects include abdominal discomfort, nausea, vomiting 
and diarrhea. 

In the presence of renal dysfunction it may be possible to induce hyperkalemia 
by oral administration of potassium salts. The symptoms and signs of potas- 
sium intoxication include paresthesias of the extremities, weakness and heavi- 
ness of the legs, flaccid paralysis. listlessness, mental confusion, fall in blood 
pressure, cardiac arrhythmias and heart block. Electrocardiographic abnormali- 
ties such as disappearance of the P wave, widening and slurring of the 
QRS complex, changes of the S-T segment and tall dente T waves may cj 
be noted with hyperkalemia. 
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Mouse FOR AUTHORS 
\ 


The editors and publishers of THE AMERICAN JOURNAL OF CARDI- 
OLOGY welcome concise articles devoted to cardiovascular disease. Ar- 
ticles must be contributed solely to THE AMERICAN JOURNAL OF CAR- 
DIOLOGY and become the property of the Publisher. The Publisher re- 
serves copyright and renewal on all published material, and such mate- 
rial may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the au- 
thors. Authors will assist the editors in the prompt processing of manu- 


THE WHOLE PAPER 


e Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 
10019. 

e Submit two copies of all elements 
of the article: text, references, leg- 
ends, tables and figures. 

e Arrange the paper in this order: 
(1) title page; (2) abstract; (3) text; 
(4) references; (5) legends; (6) ta- 
bles; and (7) figures. 

e Number all pages in above se- 
quence, beginning with title page as 
1, abstract as 2, etc. 

e Type all matter: (1) on 81⁄2 x 11 
opaque white bond paper; (2) in du- 
plicate; (3) on one side of each sheet 
only; (4) double-space; (5) leave wide 
margins, all four sides. 


THE TITLE PAGE 

e Number title page as page 1. 

e Include first names, degrees and, 
where applicable, FACC for all au- 
thors. 

e Insert at bottom: name and ad- 
dress of institution from which work 
originated plus information about 
grants. 

e Add at bottom the phrase ‘‘Ad- 
dress for reprints: . . ." followed by 
full name and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: an alpha- 
betical list of 2 to 6 key words and 
subjects for indexing. 


THE TEXT 


e Number pages in sequence after 
abstract. 

e Type in duplicate; double-space. 
e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 
Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 


scripts if these instructions are followed: 


e Cite in numerical order every ref- 
erence, figure and table. (Order of 
mention in text determines the num- 
ber given to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 
e Place immediately after text, and 
number pages in sequence after text 
page numbers. 

e Number the references in order in 
which they are mentioned in text. 

e Follow the general arrangement, 
abbreviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of references. 

e Identify at the end of each legend 
and in alphabetical order all abbrevia- 
tions in the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of legends. 


e Give each table a number (in roman 
numerals: Table |, II, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all 
abbreviations used. 


THE FIGURES 


e Submit 2 glossy prints (not origi- 
nals) of each photo and drawing. 


Please note that art work of published 
articles will not be returned. 
e Use black ink for all charts (line 
drawings). Make decimals, broken 
lines, etc. strong enough for repro- 
duction. 
e Use arrows to designate special fea- 
tures. 
e Crop photomicrographs to show 
only essential field. 
e Identify figures on back by num- 
ber and author's name. 
e Number figures in order in which 
they are mentioned in the text. 
e Indicate top of each figure. 
e Submit written permission from 
publisher and author to reproduce 
any previously published figures. 
e Limit figures to number necessary 
for clarity. The publisher allows a 
limited sum toward reproduction. 


———————————————————T 


Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors' initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 


Williams & Wilkins, 1968, p 1» 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 


——M——————————————————————— 
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is effective use of power. 


The revolutionary Profexray Lab-2 Ciné 
System is an integrated cath lab that 
doesn’t require a separate control. 


a Every institution with a heavy patient load 
for heart-cath work could use a back-up 
lab. And a lot of smaller institutions would 
like to add ciné-angiography to their capa- 
bilities for a realistic investment. We've just 
answered these two needs. 


Introducing the Lab-2 Ciné room. 


A complete, self-contained system that 
doesn't need a complex, high-powered gen- 
erator. Everything you do need— in controls, 
instrumentation and power-— is right there in 
the Lab-2— built around the finest ciné sys- 
tem in the world. It's streamlined for mainte- 
nance and service. It's systems-engineered 
and pre-tested before installation. We're so 
"certain of its unmatched reliability that 
| Lab-2 is backed by a full two-year warranty.* 


| It’s another part of the Profexray radiology 
_ revolution: equipment and concepts to com- 
_ pletely overthrow an old order of doing things, 
_ and give you new standards of efficiency. 
—— Get in touch with your Profexray represent- 
ative for the details on the Lab-2 Ciné Sys- 
tem. You'll find him a powerful ally. 





[H PROFEXRAY 


Litton pes Piaines, illinois 60018 


Litton technology: 
» The 2nd American Revolution. 





^n. 
I 
Ma 


*The two-year warranty applies to all PO. X-ray 


tubes and image intensifiers are subject to manufacturers' warranties. 
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write it 
precision quality control... 
«assured tablet content uniformity" 


predictable patient response... 
eproven biologic availability" 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
has developed. 

Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. P 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those: occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 596 dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCl. 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 596 dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5 mg. (green) scored, in bottles of 100 and 1,000. 


_ Lanoxin digoxin Bones 






Research Triangle Park 


|: *Complete literature available on request from Professional Services Dept. PML. Wellcome / North Carolina 27709 
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HP LEADERSHIP . . . IN PRACTICE 


We teach 
confidence. 


Our instruction to nurses in patient 
monitoring covers far more than simply 
which button to push and knob to turn. 
We start by explaining the way our 
instruments measure the patient’s ECG, 
heart rate, blood pressures, arrhythmias. 
What the instruments tell her. . . as 

well as what they can’t tell her. Why a 
monitored patient can become 
“electrically vulnerable” and what to do 
about it. Effective ways to recognize 
and deal with muscle artifacts, electrical 
noise and poor signal quality. How to 
help the patient understand “what all the 
wires are for" . . .and why the 
equipment helps in providing better, more 













complete patient care. 

We do our utmost to give her a clear 
understanding of the “why” of monitoring 
— so she can use our instruments 
confidently, fully and safely. We spend 
between 3000 and 4000 hours a year 
doing such teaching, in about 400 
hospitals in the U.S. alone. 

When you’re choosing a monitoring 
system, consider the quality of instruction 
your nurses will receive. The effect it 
has on patient care can be as important as 


the quality of the equipment itself. 
Hewlett-Packard, Waltham, Mass. 02154. 


HEWLETT (hp, PACKARD 


Sales, service and support in 172 centers in 65 countries. 


il 


A-58 


17302 


OUR BLOOD 
PRESSURE TRANSDUCER 
AND ITS CREDENTIALS. 


stop to prevent damage up to 10 times the rated full 

scale pressure range and excellent frequency response 

foraccurate monitoring of the heart pulse characteristic. 
The Bell & Howell 4-327 is not affected by posi- 

tion. Not harmed by mechanical shock. And not shaken 

by vibration or microphonic transients. It's been a 

proven performer for 8 years. 


THE PRESSURE IS ONUS. 


Our 4-327s are available on a moment's notice. 
We maintain an inventory which allows us to guaran- 
tee shipment within 24 hours of your order. That 
goes for new orders as well as repeat orders. New cus- 
tomers as well as old customers. Which means the 


: | qum ld’s most accurate blood pressure transducer 
The Bell & Howell Type 4-327 Physiological °F 
Blood Pressure Transducer; Measures arterial and is probably also the world’s fastest, from our 


A F i i hands. 
venous blood pressure. Specifically designed for use Iyemor Imo you : : 
in hospital EL labs ICUS and CCUS. E Need service? Our delivery philosophy ex- 
i tends to our service policy. When you need us you 


HOW ACCURATE? HOW GOOD? can getus. 
diebus GET TOGETHER WITH THE 4-327 


instrument available. Twice 
Our transducers 


as accurate as any other 
make. Accurate down to 1⁄2 6 are our best represent- 
atives. But they can't 


as a matter of fact. 
The Bell & Howell answer a phone. How- 
4-327 transducer features ever, if you call col- 
a sensor design that has a lect, (213) 796-9381 
we'll see to it that you 


four-active-arm Wheatstone 
bridge element with excel- and our 4-327 blood pressure transducer get together. 








lent calibration stability. Its ^0 NN 
advanced design includes a positive dome seal, WE'RE REWRITING THE BOOK. 
stable output as saline fluid temperatures It's true. We are rewriting the book, 


the Bell & Howell Transducer Encyclopedia. 
To be published this fall, it will contain im- 
portant information on the use of the 

4-327. If you would like a preview of this 
information, send for your free copy of 

the 4-327 Instruction Manual. Write: 
Transducer Encyclopedia, Bell & Howell, 
CEC/Instruments Division, 360 Sierra 
Madre Villa, Pasadena, California 91109. 


change, and a removable cable for quick 
interchangeability. 


SPECIAL FEATURES: 


Construction is rugged but its 
finish is that of a precision instrument. 
Ithas a positive seal using silicone rubber 
gaskets and is autoclaveable with/without 
connectors. Also, it has an overpressure 


P Bels HoweLL 


WE'RE REWRITING THE BOOK. 





© Copyright 1973 Bell & Howell 





Nitrostat (nitroglycerin) 
"potency-protected" 
sublingual nitroglycerin 


tablet 


PARKE-DAVIS 


PARKE, DAVIS & COMPANY 
Detroit, Michigan 48232 
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Thanks to a unique manufacturing process, Parke-Davis now 
offers a stabilized sublingual nitroglycerin tablet of more uniform 
potency. Migration of nitroglycerin into packaging meterials and 
from one tablet to ancther is reduced. Your angina patients can count 
on more predictable dosage—something often not possible with 
conventional sublingual tablets. 

NITROSTAT is the "potency-protected" sublingual nitroglycerin 
you should prescribe. Available in 0.3 mg. (1/200 gr.), 0.4 mg. 
(1/150 gr.), and 0.6 mg. (1/100 gr.) sublingual tablets in color- and 
symbol-coded bottles. 


Nitrostat...uniform potency retention 


130 NITROSTAT tablets stored in glass bottles at 37 C. for 
one month; bottles opened two minutes per day, 
five days per week. 





@ Assay values for each of 30 tablets assayed 
separately. Tablets stored without filler in bottle. 
Range—97 to 110.8996 label claim; 
average—104.49% 


~® Assay values for each of 30 tablets assayed 
separately. Tablets stored with filler in bottle. 
Range—87.8 to 108.6% label claim; 
average—99.68% 


l Assay range—four additional lots stored without 
filler in bottle 


W Assay range—four additional lots stored with 
M filler in bottle 
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NITROGLYCERIN AND CORONARY BLOOD FLOW IN 
CORONARY ARTERY DISEASE 


The article on the effect of nitroglycerin on coronary blood 
flow by Parker et al.! is stimulating and well written but 
has one major basic flaw, and as a consequence, I cannot 
agree with their conclusions 

First, there is at least one major typographical error in 
the article. In Table I, VO» is erroneously labeled *myo- 
cardial oxygen consumption (ml/min per m?)." These fig- 
ures are too high for MVO2 and obviously refer to total 
body oxygen consumption, or VOs as labeled. Herein lies 
the flaw in this beautifully performed study. Since the au- 
thors placed a “no. 8 Goodale-Lubin catheter in the mid- 
portion of the coronary sinus," why didn't they determine 
MVO,? 

Indeed, this is the primary question that must be an- 
swered about the action of nitroglycerin: Does it act by re- 
ducing the overall myocardial oxygen consumption under 
the same angina-provoking stress? The authors conclude 
that nitroglycerin does do this but for unknown reasons 
failed to prove it. Had they done so, they would have 
added greatly to our knowledge of the action of nitroglyc- 
erin. If there is no change in MVOz, then clearly nitro- 
glycerin has enhanced the delivery of oxygen to the myo- 
cardium whereas if MVO% is reduced, then the primary 
effect is one of net reduction in oxygen need. The authors 
carefully acknowledge that not even this basic fact is 
known. Yet in the summary preceding the article they 
conclude that “. . . nitroglycerin acts primarily by reducing 
left ventricular oxygen requirements" and that this reduc- 
tion is effected “primarily through a reduction in left ven- 
tricular volume." Neither conclusion is substantiated by 
any actual data from their article. The authors cite a re- 
duction in left ventricular volume observed in normal 
subjects?; perhaps they should also note that normal 
subjects have an increase in MVOs induced by nitroglyc- 
erin, as reported by Brachfeld et al.? 

The measurement of MVO» is all the more important 
since the report of Knoebel et al.,* which appeared in the 
same issue as the article in question, has cast significant 
doubt upon the accuracy of the 85krypton technique for 
measuring coronary blood flow. Their article seriously 
challenges many previously held concepts about coronary 
blood flow in coronary artery disease, and the same might 
apply here as well. If the measurement of coronary blood 
flow in the studies of Parker et al. is not correct, then the 
entire thesis is invalid. 

Aside from these considerations, I believe another more 
obvious conclusion has been overlooked by Parker et al. 
and virtually all investigators but Gillis and Melville.5 If 
coronary blood flow remains the same at an overall lower 
level of coronary perfusion pressure, isn't this prima facie 
evidence that coronary dilatation has occurred and that it 
is one of the factors in relieving angina? Isn't it possible to 
evoke both basic mechanisms—increased flow and de- 
creased oxygen need—as the action of nitroglycerin, each 
contributing a portion for the same overall effect? Nature 
had endowed the heart with a marvelous autoregulatory 
feedback mechanism that is hard to fool—any increase in 
demand inevitably leads to an increase in flow and vice 
versa. Therefore, if nitroglycerin is able to reduce the de- 
mand by reducing peripheral resistance or left ventricular 


volume, or both (with the same tension-time index) while 
keeping flow at the same level, this would be a marvelous 
accomplishment that could easily relieve angina. After all, 
the ultimate effect must be a favorable alteration in the 
oxygen supply and demand ratio. To put it another way, 
why does the supply (coronary flow) remain the same in 
the face of a reduced demand (comparatively less oxygen 
consumption at the same level of exercise) unless coronary 
vasodilatation and reduced coronary resistance occur? 
Parker et al. have shown a significant reduction in the 
brachial arterial systolic mean pressures but not a signifi- 
cant change in the diastolic pressures before and after ad- 
ministration of nitroglycerin. We must now ask which 
pressure is the most important factor in coronary flow. 
Certainly, systolic pressure is a major factor for the large 
coronary vessels (capacitance) that lie on the surface of 
the heart and are not compressed by the myocardium? 
and which are the vessels primarily influenced by the di- 
rect vasodilating action of nitroglycerin." 

I am surprised that the authors have dismissed the 
findings of Fam et al. by the somewhat glib statement 
that “Animal studies have suggested that nitroglycerin 
may improve circulation to ischemic areas of the myocar- 
dium by redistribution without an overall increase in cor- 
onary blood flow, but such alterations have not been dem- 
onstrated in man." After all, the techniques ingeniously 
applied to the coronary circulation of the dog cannot be 
applied to man experimentally unless a donor heart is ob- 
tained before death to study in vitro. 

In conclusion, despite the enormous wealth of data 
gathered by the authors, I believe that (1) several key 
pieces of data are not measured (MVOz and left ventricu- 
lar volume) to support their conclusions and (2) even as- 
suming that their assumptions regarding these data are 
correct, their conclusions may have an alternate explana- 
tion. Lastly, the development of a new technique for mea- 
suring coronary blood flow may render all previous data 
invalid. We still have much to learn about the action of 
nitroglycerin—a drug that remains a complex enigma to 
me. 


Roger K. Lewis, MD 
Daytona Beach, Florida 
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THE AUTHOR REPLIES 

It is quite correct that calculations of myocardial oxygen 
consumption could have been made during our study, 
since we had a catheter in the coronary sinus and ob- 
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tained measurements for coronary flow. At that time we 
were unable to measure oxygen content of coronary sinus 
samples, but we did obtain measurements of POs of ar- 
terial and coronary sinus blood and have made calcula- 
tions of oxygen content from these data. This is an unsat- 
isfactory method and was the reason for not reporting the 
data initially. However, the data obtained showed that at 
rest left ventricular oxygen consumption was reduced 
from 88 to 75 ml/min per 100 g left ventricle (P <0.001). 
During exercise the values before and after administration 
of nitroglycerin were 149 and 140 ml/min per 100 g left 
ventricle, respectively (not significant). 

Reference was made to earlier observations that nitro- 
glycerin increased coronary blood flow and myocardial 
oxygen consumption in normal subjects.! More recent ob- 
servations by Bernstein et al.? using external counting 
techniques with xenon, do not substantiate the increase in 
coronary flow in normal subjects. The hemodynamic 
changes occurring after administration of nitroglycerin in 
normal subjects and patients with coronary artery disease 
certainly suggest a reduction in left ventricular volume 
after administration of this drug. There is a uniform de- 
crease in left ventricular end-diastolic pressure and usual- 
ly a decrease in systemic pressure. These effects would re- 
duce left ventricular wall tension and left ventricular oxy- 
gen consumption. Similar hemodynamic alterations were 
demonstrated during phlebotomy carried out during pac- 
ing-induced angina.? This procedure relieved angina and 
presumably was not associated with alterations in coro- 
nary blood flow. The associated tachycardia would have 
an imposing effect, but the overall change would be that 
of a reduction in left ventricular oxygen consumption. 

As pointed out in our article, measurements of coronary 
blood flow considering the left ventricular myocardium as 
a single compartment are open to serious question, and 
more recent investigations in man point to a redistribu- 
tion of coronary blood flow after administration of nitro- 
glycerin in patients with coronary artery disease. It is ap- 
parent that if coronary blood flow is unchanged in the face 
ef a reduced coronary perfusion pressure that coronary 
vascular resistance has been reduced after administration 
of nitroglycerin. It is well known that vasodilatation of the 
angiographically visible coronary arteries occurs after ni- 
trite administration. However, this finding does not nec- 
essarily imply an increase in coronary blood flow. From 
the experimental data that we obtained we could demon- 
strate no increase in flow, either at rest or during exercise 
after administration of nitroglycerin, but did show the al- 
terations in hemodynamic variables that would be expect- 
ed to result in decreased left ventricular volume and oxy- 
gen consumption. 

In all probability, nitroglycerin exerts its beneficial ef- 
fects in more than one manner. It induces coronary vaso- 
dilatation, and recent evidence suggests that in man with 
coronary disease there is a redistribution of flow to isch- 
emic areas. However, there is strong evidence that nitro- 
glycerin also reduces left ventricular oxygen consumption. 


John O. Parker, MD 
Kingston, Ontario, Canada 
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CORONARY ARTERY SURGERY FOR THE PATIENT * 
WITH THE IMPAIRED LEFT VENTRICLE 


In a recent editorial in this Journal, Jesse E. Edwards 
stated the following: 

“In dealing with malignant tumors, the physician recog- 
nizes his limitation when organic complications such as 
distant metastases have occurred. Mastectomy for a 
breast carcinoma is an accepted procedure. Yet, when 
signs of distant metastases are present, a mastectomy can 
hardly be considered a procedure designed to cure the pa- 
tient. Similar reascning applies to coronary artery disease. 
Performance of bypass coronary surgery is logical as a pal- 
liative procedure when the primary disease can be predic- 
tably corrected by increasing blood flow beyond sites of 
coronary arterial obstruction and when the myocardium 
has the potential capability of compensated performance. 
When disease beyond the surgeon's scope of action is pres- 
ent, the operation cannot be justified." 

Edwards further states: 

“The two features of coronary disease that can be com- 
pared with metastatic disease within this concept are (1) 
occlusive disease involving distant segments of involved 
arteries, and (2) loss of myocardium from previous myo- 
cardial infarction. No plan for operation is logical if either 
condition cannot be excluded or, if present, cannot be cor- 
rected.” 

I agree, as would other workers in the field, that occlu- 
sive disease involving distant segments of involved arte- 
ries is a contraindication to surgery. However, loss of 
myocardium from previous myocardial infarction is not a 
contraindication. 

Edwards’ concepts of the impaired left ventricle are in 
direct disagreement with our findings, and we have now 
had experience in performing vein graft operations in 
more than 1,100 cases. Edwards has not qualified what he 
means by a poorly functioning left ventricle. The normal 
left ventricular ejection fraction is 0.70 in most clinics. 
Would Edwards classify an ejection fraction of 0.55 or 0.60 
as poor? Would he suggest that the patient with an ejec- 
tion fraction of 0.30 and angina not be operated upon even 
though excellent vessels are available for insertion of vein 
grafts distal to significant obstructions? He states, “If left 
ventricular studies reveal incompetence of the chamber, 
this finding should serve as a red fleg on the road to oper- 
ation.” I wonder if he lumps together the surgical results 
of all cases of carcinomas, whether they are of the skin, 
stomach or esophagus or other area. We are now accumu- 
lating experience that reveals that certain groups of pa- 
tients with impaired left ventricular function can be oper- 
ated upon with an acceptable risk and with a significant 
chance for improvement. We have operated upon patients 
with an ejection fraction of 0.15, or one fifth of normal, 
and noted that the ejection fractions increased to as high 
as 0.30 on restudy. Patients in these cases have been able 
to return to full-time employment. 

An example is a 52 year old man with extensive three- 
vessel disease who was markedly incapacitated. He was 
operated upon with insertion of four vein grafts. Two 
years later the grafts are patent and his ejection fraction 
has inereased to 0.30. This represents a 100 percent im- 
provement in function, and he now works at a desk job, 8 
hours a day. Another example is a barber who had an 
ejection fraction of 0.20 and congestive failure. He was op- 
erated upon with three vein grafts inserted and is now 
back working 8 hours a day as a barber. A woman who 
had marked mitral insufficiency with an ejection fraction 
of 0.15 and severe triple-vessel disease, underwent opera- 
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tion with insertion of three vein grafts and mitral annulo- 
plasty. Before operation she had marked difficulty breath- 
ing on a regimen of strict bed rest and excellent medical 
treatment. Postoperative studies revealed no mitral insuf- 
ficiency and patency of all grafts. Her ejection fraction 
has increased to 0.25, and she’s now able to lead a satis- 
factory existence. 

At The American Heart Association Meeting in Dallas 
we presented the results of our last 839 patients operated 
upon between January 1, 1971 and October 15, 1972. 
Among 529 patients who had an ejection fraction of 0.45 
to 0.70, there were 17 deaths (mortality rate of 3 percent). 
Among 232 patients with an ejection fraction of 0.25 to 
0.40, there were 13 deaths (mortality rate 6 percent), and 
among 78 patients who had an ejection fraction of 0.20 or 
less, there were 24 deaths (mortality rate of 31 percent). 
These patients ranged from 29 to 76 years of age. If one 
only counts those patients who were 59 years of age or 
younger, the mortality rate is as follows: ejection fraction 
0.45 to 0.70—414 patients with 8 deaths (2 percent); ejec- 
tion fraction 0.25 to 0.40—175 patients with 6 deaths (3 
percent); and ejection fraction 0.20 or less—49 patients 
with 9 deaths (18 percent). For patients 60 years of age or 
older the mortality rate is as follows: ejection fraction 0.45 
to 0.70—115 patients with 9 deaths (8 percent); ejection 
fraction 0.25 to 0.40—57 patients with 7 deaths (12 per- 
cent); and ejection fraction 0.20 or less—29 patients with 
15 deaths (52 percent). Restudy showed an improvement 
in the ejection fraction in 59 percent of the 104 patients 
with a preoperative ejection fraction of less than 0.60. 

I strongly believe that patients with impaired left ven- 
tricular function should be considered for surgery. The 
only group whose condition is considered inoperable by 
our surgical team are those patients without angina with 
an ejection fraction of 0.20 or less. If there are suitable 
vessels for grafting distal to a 70 percent obstruction and 
the ejection fraction is above 0.20 and the patient is 
symptomatic, he should be considered for surgery, partic- 
ularly if he is less than 60 years of age. 


Jerome Harold Kay 

Thoracic and Cardiac Surgery 
University of Southern California 
School of Medicine 

Los Angeles, California 
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THE AUTHOR REPLIES 

The gist of my editorial was that some patients with coro- 
nary heart disease have passed beyond “the point of no 
return” in relation to surgical treatment. Two factors per- 
tain: (1) the availability of arteries sufficiently wide to 
carry a significant amount of blood after grafting, and (2) 
the presence of an adequate amount of preserved and 
functioning myocardium for myocardial efficiency. 

Dr. Kay agrees with the concept that the state of the 
arteries may represent a contraindication to surgical in- 
tervention. He takes issue with the second point. Never- 
theless, that the state of the myocardium is another factor 
to be considered in preoperative evaluation is, in reality, 
attested to by Dr. Kay in his own letter. 

The method or methods to be used in evaluating myo- 
cardial function are still a matter of ongoing study. The 
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cutoff points to be used also await results of ongoing in- 
vestigation. If one views the program of bypass surgery for 
obstructive coronary artery disease as an ongoing investi- 
gation, the future will surely establish which levels of left 
ventricular dysfunction are, in fact, points of no return. 


Jesse E. Edwards, MD 

Department of Pathology 

United Hospitals, Inc.-Miller Division 
St. Paul, Minnesota 


IN SITU LYSIS OF CORONARY THROMBUS 


We were interested in the article by Kordenat and Kezdi! 
on in situ lysis of coronary thrombus, but wish to add a 
word of caution to their suggestion that further studies in 
man may be warranted. We have been studying this prob- 
lem using an experimental model in pigs, and, like the 
authors, have found a high incidence of ventricular fibril- 
lation. This arrhythmia occurs, we believe, secondary to 
release of part or all of the induced thrombus as an embo- 
lus, an observation that correlates with the findings of 
Sommers and Jennings? (as quoted). It therefore seems 
possible that the recanalization of the arteries as demon- 
strated by the authors may be caused by distal emboliza- 
tion, with its attendant dangers, rather than by lysis of 
the thrombus. 

Second, one of us (HI) recently infused streptokinase 
directly into the coronary artery of a patient with acute 
myocardial infarction. 'This infusion resulted in an 
alarming myocardial hemorrhage, demonstrable as a defi- 
nite blush on repeat coronary angiography. A similar re- 
sult was found experimentally in dogs by Moschos et al.? 
whenever the lysing agent was infused directly into the 
coronary artery. 

We therefore believe that before the widespread use of 
intracoronary lysing agents in patients, further investiga- 
tion into the best site of delivery and optimal dosage of 
these agents should be undertaken in experimental mod- 
els. 


Hamid Ikram, MB, MRCP 
John C. Nicholls, MB, FRCS 
Charing Cross Hospital 
London, England 
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THE AUTHORS REPLY 


The points discussed by Ikram and Nicholls concerning 
hemorrhage, the fate of an in vivo coronary thrombus dur- 
ing and after the use of an exogenous thrombolytic agent 
(streptokinase-activated plasminogen) and the suggested 
possible application of it in our paper are certainly perti- 
nent to the problem of using the drug in patients with 
myocardial infarction. We should like to respond to their 
points by offering some of the published works and opin- 
ions of several investigators in this field. 

Fletcher et al. have performed an extensive clinical 
study with an intravenously administered streptokinase 
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preparation and reported that “there was no change of 
capillary fragility found and in no instance were petechial 
hemorrhages produced at suction pressures less than 50 
mm Hg.” They also reported that at autopsy “in no in- 
stance were pathological findings found other than those 
related to the primary disease.” They concluded that, 
“the induced thrombolytic state was well tolerated by 
man and that its use as a therapeutic tool in the treat- 
ment of thromboembolic disease was worthy of further in- 
vestigation.” The dose of streptokinase-activated plasmi- 
nogen (Merck, Thrombolysin®) used in our studies was 
significantly less than that used by Fletcher et al. The ac- 
tivity was confined to, and concentrated at, the thrombus 
site. Mustard? stated recently, that, “when a thrombus 
has been established for a period of time,.... it is appar- 
ent that the therapy may have to be directed at the fibrin 
component. In this case, the administration of drugs such 
as streptokinase or urokinase, which activates the plasmi- 
nogen in the thrombus, is highly effective, even when the 
initial thrombus is rich in platelets," which is typical of 
an intracoronary thrombus. The bleeding accompanying 
the use of thrombolytic agents is frequently at the site of 
invasive procedures (venous cut-downs, injection sites, 
and the like) and usually amenable to local tamponade, as 
reported by Sherry.? He also concluded that, “while in- 
vestigators have been concerned over the possibility that 
dissolving clots may embolize, this has not proved to be a 
significant hazard, thrombi undergoing dissolution pro- 
gressively shrink in size rather than break up into frag- 
ments." Sherry believed that, “the time for the institution 
of such a trial [the use of thrombolytic agents in the treat- 
ment of acute myocardial infarction] has finally arrived." 
We recognize the possibility of side effects of these drugs 
and therefore the oppositions for their clinical use. How- 
ever, the relatively small amounts used by slow infusion 
techniques reported by us should minimize the danger of 
myocardial hemorrhage and justify the use of thromboly- 
tic agents in selected clinical cases of acute myocardial 
infarction. 

Readers may find a more in depth review of these prob- 
lems in the references listed since space does not permit 
an extensive discussion here. 


Karl Kordenat, MS 
Paul Kezdi 

Cox Heart Institute 
Kettering, Ohio 
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PERCUTANEOUS TRANSFEMORAL RIGHT HEART 
CATHETERIZATION 


A recent communication in your Journal by Grollman et 
al.! and correspondence by Peter et al.? concerning percu- 
taneous transfemoral right heart catheterization were of 
considerable interest to us. The specially designed cathe- 
ters described by the authors may indeed be helpful when 
they become available commercially. In the meantime, we 
report our experience with approximately 300 right heart 
catheterizations utilizing a percutaneous transfemoral ap- 
proach and available catheters. We were encouraged by 





FIGURE 1. 


some of our colleagues who stated that it is widely be- 
lieved that this technique is unsatisfactory in obtaining 
pulmonary capillary wedge recordings in 30 to 40 percent 
of cases. 

Utilizing the routine percutaneous technique, we use a 
no. 7F or 8F Cournand (USCI) catheter after previous 
dilatation with a "Teflon? “dummy” catheter (dilator) 
(USCI, no. 7058). This technique is adequate and does not 
require thin-wall sheath introducers. The catheter is ad- 
vanced over the guide wire to the lower right atrium. A 
modification of the usual technique is that, after with- 
drawal of the guide wire, the catheter is connected to a 
two-way stopcock and a syringe with flushing solution 
without connection to the pressure gauge. Advancement of 
the catheter is achieved by holding the external portion 
extended straight, thus, affording maximal torque of the 
catheter. This is continued only during the period of ad- 
vancement, manipulation and rotation of the catheter. In 
step 1 (Fig. 1) the curved tip of the catheter is oriented 
toward the tricuspid valve. In most cases, the natural 
curve of the catheter allows easy passage through the tri- 
cuspid valve. Sometimes, however, a short period, of 
searching is necessary, on occasion also aided by looping 
the catheter in the right atrium. It is important to at- 
tempt to cross the tricuspid valve immediately after in- 
serting the catheter into the right atrium since, with the 
passing of time, a part of the catheter’s natural curve and 
rigidity is lost due to softening. On occasion, manipula- 
tions of the catheter in the right atrium have led to unin- 
tentional catheterization of the coronary sinus; however, 
on several occasions for blood sampling catheterization of 
the coronary sinus was intentional, and generally the pro- 
cedure was easily performed. 
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* Immediately after crossing the tricuspid valve, the 
catheter is rotated with its tip pointing toward the pul- 
monic outflow tract (Fig. 1., panels 2 and 3). In most in- 
stances, the valve was easily crossed. Occasionally, the 
catheter induced premature ventricular contractions or a 
very transient right bundle branch block pattern on the 
electrocardiogram. After crossing the pulmonic valve, 
rotation of the tip of the catheter by holding the catheter 
fully extended and by gentle rotation along its long axis 
allows its positioning in the right (panel 4) or left (panel 
6) pulmonary artery. The catheter is advanced to the 
wedge position and connected to the pressure transducer. 
Good wedge positions are confirmed by blood oxygen satu- 
ration studies, and the usual sequence of hemodynamic 
measurements from the wedge position down to the right 
atrium follows. No unusual difficulties were observed in 
wedging the catheter; however, adequate wedging could 
not be obtained in patients with severe pulmonary hyper- 
tension as seen in the transbrachial approach. In most in- 
stances, advancing the catheter from the right atrium to 
the wedge position can be achieved in 10 to 15 seconds. 
We were unable to advance the Cournand catheter into 
the pulmonary artery in less than 1 percent of instances. 

For the purposes of pulmonary arterial or other right 
heart angiograms, the Cournand catheter is replaced with 
a Gensini catheter (USCI) utilizing the identical tech- 
nique. The only undesirable effect of using the Gensini 
catheter for angiograms is the occasional recoil of the 
catheter into the right ventricle during high-pressure in- 
jections of contrast medium. Generally, our attempts to 
obtain adequate recording of wedge pressure with a Gensi- 
ni catheter were not successful possibly because of the rel- 
ative softness of this catheter once it has been in the 
bloodstream. The length of the catheters used was 125 
cm. 

Waldemar J. Wajszczuk, MD, FACC 
Edward Malinowski, MD 

Section of Cardiovascular Diseases 
Sinai Hospital of Detroit 

Detroit, Michigan 
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PROPRANOLOL THERAPY DURING PREGNANCY AND 
LACTATION 


We recently followed up a 29 year old woman through 
pregnancy and lactation while she was receiving propranol- 
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TABLE | 
Propranolol in Blood and Breast Milk (ug/ml) 








Time 

(hr) Blood Milk 
0 1.9 3.5 
1 60.8 9.7 
2 r 30.0 
3 43.8 15.9 





ol therapy for paroxysmal atrial tachycardia. Because of 
the paucity of information relative to blood and human 
breast milk levels of propranolol we undertook, with the 
cooperation of Ayerst Laböratories, a simple experiment 
to determine the amount of propranolol excreted in breast 
milk after a single 40 mg oral dose. 

Base-line blood and milk propranolol levels were ob- 
tained. The patient, who had previously been receiving 
maintenance doses of propranolol (10 mg orally every 8 
hours) and who had last received a dose 8 hours before the 
study, was then given a 40 mg tablet of propranolol. Blood 
and breast milk levels were as shown in Table I. 

Because of her ongoing therapy the patient had mini- 
mal amounts of propranolol in blood and breast milk be- 
fore the 40 mg dose. Peak breast milk levels were obtained 
2 hours after the oral dose and were half that of the peak 
blood levels. 

Although our study is far from definitive in terms of 
numbers and technique it does suggest that an apprecia- 
ble amount of propranolol is secreted in human breast 
milk. Assuming average maternal propranolol blood levels 
of 40 ug/ml! and ingestion of 1,000 ml of breast milk in 
24 hours, a maximal dose of 15 to 20 mg of propranolol/day 
could be ingested by a nursing infant. This closely 
approximates the usual pediatric dosage of the drug of 14.4 
mg/kg per day. In our case there were no observable ill 
effects upon the infant, thus substantiating the re- 
ported data on the use of propranolol in infants.?.? 

We hope that our data may prove of assistance to others 
faced with the dilemma of continuing propranolol therapy 
in breast-feeding mothers. 

Alexander A. Levitan, MD, MPH 
John C. Manion, MD 
Minneapolis, Minnesota 
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BOOK REVIEWS 


Diagnosis of Peripheral Vascular Disease, by A. Kappert 
and T. Winsor. Philadelphia, FA Davis, 1972, 314 pages 


This volume is essentially divided into two sections. The 
first part, dealing with the general diagnosis of peripheral 
vascular disease, includes a complete review of the history 
and physical findings as well as a detailed discussion of 
the various pertinent functional and roentgenographic 
tests. Specialized methods of investigation, which go be- 
yond the ordinary diagnostic effort and are more particu- 
larly suited to research, are presented in detail. Thermog- 
raphy, isotope scans, flowmeter studies, plethysmogra- 
phy, ultrasonic and infrared studies are all described and 
their limitations and advantages outlined. 

The second part, devoted to specific diagnoses and case 
reports, offers a graphic and pictorial demonstration of the 
use of the previously discussed diagnostic methods, as ap- 
plied to specific disease entities. The angiograms and 
color photographs are good. The book is an essential 
“companion piece” for the library of a physician who spe- 
cializes in the field of peripheral vascular diseases. 

William J. McCann, MD 
New Rochelle, New York 


Rheumatic Fever, Second Edition, Volume II, by Milton 
Markowitz and Leon Gordis. Philadelphia, WB Saunders, 
1972, 309 pages, $11.50 


Acute rheumatic fever, a disease of diminishing clinical 
incidence, is well described in this monograph. Because of 
the authors’ long and continuing association with the dis- 
ease as seen in children, they are particularly qualified to 
review the literature and recount their own experiences. 
The section dealing with pathogenesis reviews current and 
traditional hypotheses without drawing conclusions as to 
their value. Animal experimentation has been hampered 
by the lack of an effective model for acute rheumatic fever 
and the difficulty of translating the results of studies from 
animals is testimony to the lack of a clear understanding 
of causes. There is a concise summary of the fundamen- 
tals of bacterial cell structure, enzymes and toxins. The 
biology of group A beta hemolytic streptococci is well ex- 
plained and the application of antibody tests for this 
group of bacteria receives adequate attention in the ensu- 
ing discussion concerning diagnosis. 

The authors apply traditional criteria in their analysis 
of diagnostic problems. The ‘Modified Jones" criteria 
continues to be the skeleton upon which the diagnosis of 
acute rheumatic fever is built. The lack of a specific labo- 
ratory test for this disease compels an appreciation of the 
difficulty of clinical diagnosis. The authors review their 
experiences of the past 20 years with controlled studies of 
therapy and conclude that the principal factor responsible 
for the development of heart disease in acute rheumatic 
fever is the status of the heart at the time of the acute at- 
tack, rather than the mode of therapy. On the other hand, 
prophylaxis and treatment of streptococcal infections have 
had a significant effect upon the recurrence rate of the 


disease. A detailed analysis of various practical prophy- 
lactic regimens is described. 

This book's most serious failing to the cardiologist is its 
limited description of chronic rheumatic heart disease. 
There is insufficient information concerning modern tech- 
niques of evaluation of valvular stenosis and insufficiency 
by means of echocardiography, cardiac catheterization 
and angiography. Surgical intervention has modified the 
course of rheumatic heart disease and the current litera- 
ture abounds with the results of these dramatic changes. 
The section on bacterial endocarditis fails to emphasize 
our current problems related to surgery, drug addiction 
and newer antibiotic agents. 

As a summary of the disease in children, this volume is 
an excellent review for the pediatrician and the student of 
rheumatic fever. It identifies the need for another work 
summarizing available data on rheumatic heart disease 
that would have wider application for the cardiologist. 


Samuel K. Elster, MD 
New York, New York 


The Sinoatrial Pacemaker of the Heart, by Chandler McC. 
Brooks and Hsin-Hsiang Lu. Springfield, IIl., Charles C 
Thomas, 1972, 198 pp, $15.50 


This monograph reviews and puts into perspective the 
large volume of research on sinoatrial nodal function per- 
formed by Brooks and Lu in the Physiology Department of 
Downstate Medical Center in New York. The book is di- 
vided into seven chapters: (1) Origin of the Heartbeat; (2) 
Anatomy of the Sinoatrial Node; (3) Embryology of Pace- 
maker Tissue; (4) The Properties of Sinoatrial Pacemaker 
Cells; (5) The Responses of the Sinoatrial Region to Stim- 
uli and Environmental Changes; (6) Pathology and Ar- 
rhythmias as Related to Abnormal Function of the Sinoa- 
trial Pacemaker; and (7) Integration of Heart Action and 
the Roles of the Sinoatrial Pacemaker. 

Chapters four and five make up more than half of the 
book and present a detailed analysis of the authors' re- 
search concerning sinoatrial nodal responses to sympa- 
thetic and parasympathetic stimulation, acetylcholine, 
inorganic ions (potassium, sodium, manganese, calcium), 
mechanical stretch, temperature and artificial pacing. A 
less extensive discussion of drug action on the sinoatrial 
node is included. The chapters on pathology and arrhyth- 
mias are limited in scope and would not be useful to car- 
diologists wishing detailed discussions of the clinica! elec- 
trocardiographic findings or pathologic features of the 
sinus node. 

The book is written with clarity, and the illustrations 
are of high quality. Many thought-provoking idees are 
presented stimulating further interest in sinoatrial nodal 
function. This volume is recommended to cardiologists 
concerned with mechanisms of cardiac arrhythmias and 
should be part of the library of the cardiac electrophysiol- 
ogist. 

Kenneth M. Rosen, MD 
Chicago, Illinois 
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REVIEWS IN CARDIOLOGY* 


ADRENAL GLAND HYPERFUNCTION 


Endocrine causes of hypertension. Batsakis JG. 
J Ky Med Assoc 71:159-68 passim, Mar 73 (31 ref.) 


ADRENAL GLAND NEOPLASMS 


Endocrine causes of hypertension. Batsakis JG. 
J Ky Med Assoc 71:159-68 passim, Mar 73 (31 ref.) 


ANEURYSM 


Hepatic artery aneurysm. Erskine JM. 
Vase Surg 7:106-25, Mar 73 (66 ref. 


ANGINA PECTORIS 


Pint therapy of angina pectoris. Lesch M, 
e 
Mod Concepts Cardiovasc Dis 42:5-10, Feb 73 (12 ref.) 


ANGIOCARDIOGRAPHY 


Quantitative angiographic evaluation and 
pathophysiologic mechanisms in valvular heart 
disease. Rackley CE, et al. 

Prog Cardiovase Dis 15:427-47, Mar-Apr 73 (81 ref.) 


ANTICOAGULANTS 


The mechanisms of venous thrombosis. Anticoagulants, 
aspirin, and heparin. O’Brien JR. 
Mod Concepts Cardiovasc Dis 42:11-5, Mar 73 (14 ref.) 


AORTA, ABDOMINAL 


Coarctation of the abdominal aorta. Ben-Shoshan M, et 
al Arch Pathol 95:221-5, Apr 73 (83 ref.) 


AORTIC COARCTATION 


Coarctation of the abdominal aorta. Ben-Shoshan M, et 
al. Arch Pathol 95:221-5, Apr 73 (83 ref.) 


ARRHYTHMIA 


Digitalis intoxication in patients with atrial fibrillation. 
Kastor JA. Circulation 47:888-96, Apr 73 (52 ref.) 


ARRHYTHMIA, SINUS 


The sick sinus syndrome. Ferrer MI. 
Circulation 47:635-41, Mar 73 (25 ref.) 


AURICULAR FIBRILLATION 


Digitalis intoxication in patients with atrial fibrillation. 
Kastor JA. Circulation 47:888-96, Apr 73 (52 ref.) 


AUTONOMIC NERVOUS SYSTEM 


Diabetic angiopathy and neuropathy. A review with 
special reference to circulation in the extremities, the 
effect of hypophysectomy on capillary resistance and 
capillary permeability, functional abnormalities in 
early diabetes. Christensen NJ. 

Acta Med Scand [Suppl] 541:3-60, 1972 (244 ref.) 


BLOOD VESSEL PROSTHESIS 


The interaction of blood hemostitic elements with 
aritificial surfaces. Mason RG. 
Prog Hemostasis Thromb 1:141-64, 1972 (166 ref.) 


DIABETIC ANGIOPATHIES 


Diabetic angiopathy and neuropathy. A review with 
special reference to circulation in the extremities, the 
effect of hypophysectomy on capillary resistance and 


* Citations obtained from the National Library of Medicine's MEDLARS Retrieval Program—Bibliogra- 
phy of Medical Reviews. The first of these Bibliographies, and an explanatory editorial, appeared in 
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capillary permeability, functional abnormalities in 
early diabetes. Christensen NJ. 
Acta Med Scand [Suppl] 541:3-60, 1972 (244 ref.) 


DIGITALIS GLYCOSIDES 


Digitalis intoxication in patients with atrial fibrillation. 
Kastor JA. Circulation 47:888-96, Apr 73 (52 ref.) 
Measurement of digitalis glycosides in human serum. 
Smith TW, et al. 

J Med Assoc Thai 56:189-95, Mar 73 (37 ref.) 
Digitalis glycosides. 2. Smith TW. 

N Engl J Med 288:942-6, 3 May 73 (9 ref.) 


DIURETICS 


Sodium and diuretics in pregnancy. Lindheimer MD, et 
al. N Engl J Med 288:891-4, 26 Apr 73 (34 ref.) 

Significance of hypokalaemia due to diuretics. 
Leemhuis MP, et al. Neth J Med 16:18-28, 1973 (89 ref.) 


ELECTROCARDIOGRAPHY 


The His bundle electrogram. Haft JI 
Circulation 47:897-911, Apr 73 (82 ref.) 


ENDOCARDITIS 


Candida endocarditis after cardiac surgery. Clues to 
earlier detection. Seelig MS, et al. 
J Thorac Cardiovasc Surg 65:583-601, Apr 73 (112 ref.) 


ENDOCARDITIS, BACTERIAL 


Current problems in infective endocarditis. With 
special reference to cases acquired in hospital or after 
cardiac surgery. Finland M. 

Mod Concepts Cardiovasc Dis 41:53-8, Nov 72 (32 ref.) 


HEART 


Function of nerves of the heart. Linden RJ. 
Cardiovasc Res 6:605-26, Nov 72 (64 ref.) 

On the assessment of cardiac inotropic state. Ross J Jr, 
et al Circulation 47:435-8, Mar 73 (17 ref.) 
Physical training and intrinsic cardiac adaptations. 
Circulation 47:677-80, Apr 73 (27 ref.) 
Parasympathetic control of the heart. Higgins CB, et al. 
Pharmacol Rev 25:119-55, Mar 73 (328 ref.) 


HEART CONDUCTION SYSTEM 
The His bundle electrogram. Haft JI. 


Circulation 47:654-64, Mar 73 (40 ref.) 
HEART DEFECTS, CONGENITAL 


Pediatric congenital cardiac becomes a postoperative 
adult. The changing population of congenital heart 
disease. Perloff JK. 

Circulation 47:606-19, Mar 73 (46 ref.) 

Modern trends in pediatric cardiology. Nassif S. 
J Med Liban 25:245-52, 1972 (13 ref.) 

Detection of intracardiac shunts with radionuclide 
imaging. Greenfield LD, et al. 

Semin Nucl Med 3:139-52, Apr 73 (53 ref.) 


HEART ENLARGEMENT 

Asymmetric septal hypertrophy (ASH): the unifying 
link in the IHSS disease spectrum. Observations 
regarding its d EU TE pathophysiology, and 


course. Henry WL, e 
Cireulation 47:827-32, Apr 73 (34 ref.) 


the September 1971 issue (Amer J Cardiol 28: 366-367, 1971). 
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HEART FUNCTION TESTS 


Basic concepts of radiocardiography. Donato L. 
Semin Nucl Med 3:111-30, Apr 73 (34 ref.) 


HEART SEPTUM 


Asymmetric septal hypertrophy (ASH): the unifying 
link in the IHSS disease spectrum. Observations 
regarding its pathogenesis, pathophysiology, and 
course. Henry WL, et al. 

Circulation 47:827-32, Apr 73 (34 ref.) 


HEART SURGERY 


Current problems in infective endocarditis. With 
special reference to cases see in hospital or after 
cardiac surgery. Finland 
Mod Concepts Cardiovase ori 153-8, Nov 72 (32 ref.) 


HEART VALVE DISEASES 


Candida endocarditis after cardiac surgery. Clues to 
earlier detection. Seelig MS, et al. 
J Thorac Cardiovasc Surg 65:583-601, Apr 73 (112 ref.) 
Care of the patient undergoing valvular heart surgery. 
Humphries JO, et al. 

Prog Cardiovasc Dis 15:449-90, Mar-Apr 73 (152 ref.) 
Quantitative angiographic ies mane and 
pathophysiologic mechanisms valvular heart 

disease. Rackley CE, et al. 
Prog Cardiovasc Dis 15:427-47, Mar-Apr 73 (81 ref.) 


HEPARIN 


Theory and practice of minidose heparin in a" aes 
patients. A status report. Wessler S, et 
Circulation 47:671-6, Apr 73 (30 ref.) 
Thrombin inhibiting action of heparin. Abildgaard U. 
Folia Haematol (Leipz) 98:408-16, 1972 (31 ref.) 


HEPATIC ARTERY 


Hepatic artery aneurysm. Erskine JM. 
Vase Surg 7:106-25, Mar 73 (66 ref.) 


HYPERTENSION 


Endocrine causes of hypertension. Batsakis JG. 
J Ky Med Assoc 71:159-88 passim, Mar 73 (31 ref.) 


IDIOPATHIC HYPERTROPHIC 
SUBVALVULAR STENOSIS 


Asymmetric septal hypertrophy (ASH): the unifying 
link in the IHSS disease spectrum. Observations 
regarding its zc Tin WEE pathophysiology, and 
course. Henry WL, et 
Circulation 47:827-32, et 73 (34 ref.) 


MONOAMINE OXIDASE INHIBITORS 


Anxiety and drug therapy. 
Proc R Soc Med 66:252-5, remi a (18 ref.) 


MYOCARDIAL DISEASES, PRIMARY 


Virus myocardiopathy. Lerner AM, et al. 
Prog Med Virol 15:63-91, 1973 (105 ref.) 


MYOCARDIAL INFARCT 


Rehabilitation of the coronary patient. Goldbarg AN. 
Med Clin North Am 57:231-41, Jan 73 (59 ref.) 


MYOCARDIUM 


Physical training and intrinsic cardiac adaptations. 
Circulation 47:677-80, Apr 73 (27 ref.) 


NOREPINEPHRINE 


A review of altered norepinephrine metabolism 
attending severe spinal injury: results of alpha methyl 
tyrosine treatment and preliminary histofluorescent 
studies. Osterholm JL, et al. 

Proc Veterans Adm Spinal Cord Inj Conf 18:17-21, 
1971 (15 ref.) 


PHEOCHROMOCYTOMA 


Endocrine causes of hypertension. Batsakis JG. 
J Ky Med Assoc 71:159-48 passim, Mar 78 (Sl ref.) 


RHEUMATIC HEART DISEASE 


Clinical aspects of rheumatic valvular disease. Reichek 
N, et al. 
Prog Cardiovase Dis 15:491-537, Mar-Apr 73 (110 ref.) 


SINO-ATRIAL NODE 


The sick sinus syndrome. Ferrer MI. 
Circulation 47:635-41, Mar 73 (25 ref.) 


TACHYCARDIA 


Junctional tachycardia. Mechanisms, diagnosis, 
differential diagnosis, and management. Rosen KM. 
Circulation 47:654-84, Mar 73 (40 ref.) 
Refractory supraventricular tachycardias. Ticzon AR, 
et ai. Circulation 47:642-53, Mar 73 (72 ref.) 


THROMBOEMBOLISM 


Theory and practice of minidose heparin in surgical 
patients. A status report. Wessler S, et al. 
Circulation 47:671-6, Apr 73 (30 ref.) 
THROMBOPHLEBITIS 


The mechanisms of venous Pearl Anticoagulants, 
aspirin, and heparin. O’Brien JR. 
Mod Concepts Cardiovase Dis 42:11-5, Mar 73 (14 ref.) 


THROMBOSIS 


The interaction of blood hemostitic elements with 
aritificial surfaces. Mason RG. 
Prog Hemostasis Thromb 1:141-64, 1972 (166 ref.) 


VASCULAR DISEASES 


Neuro-ophthalmology. Thompson HS. 
Arch Ophthalmol 89:342-52, Apr 73 (219 ref.) 


WOLFF-PARKINSON- WHITE 
SYNDROME 


Wolff-Parkinson-White Syndrome. A review. Narula 
OS. Circulation 47:872-87, Apr 73 (38 ref.) 
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AMERICAN COLLEGE OF CARDIOLOGY NEWS 


Calendar of Continuing Medical Education Programs 


The National Committee for Con- 
tinuing Medical Education, William 
Likoff, MD, FACC, Chairman, announces 
the following calendar of programs. 

Each program is designed to en- 
large knowledge and clarify the end- 
lessly changing frontiers which mark 
scientific achievements in the recog- 
nition and treatment of cardiovascular 
disease. Although the disciplined ob- 
jective of each program as well as its 
content, format and faculty are pri- 


marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of final re- 
view and approval, whether the pro- 
gram is' sponsored solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
sional societies. 

Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 


gram structures vary as to methods of 
education. 

The National Committee for Con- 
tinuing Medical Education of the Col- 
lege earnestly solicits the interest of 
member and nonmember physicians 
alike in continuing education for the 
clear reason that participation provides 
a unique opportunity to deepen one’s 
understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 


M —— — 


Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Department of Continuing 
Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


SEPT. 
10-12 


Mechanisms and Therapy of 
Cardiac Arrhythmias. Leon- 
ard S. Dreifus, FACC, direc- 
tor and Joseph W. Lin- 
hart, FACC and Yoshio 
Watanabe, FACC, codirec- 
tors. | Downingtown Inn, 
Downingtown, Pa. 


SEPT. 
10-12 


A Symposium on Cardio- 
vascular Nursing. Fred D. 
Ownby, FACC, director. Uni- 
versity of Tennessee at Nash- 
ville, Tenn. 


SEPT. 
20-22 


Auscultation and Bedside 
Examination of the Heart. 
Morton E. Tavel, FACC, di- 
rector. Methodist Hospital 
Graduate Medical Center, 
Indianapolis, Ind. 


OCT. Changing Concepts and 

1-3 Methods in the Practice of 
Cardiology. Borys Sura- 
wicz, FACC and Charles 
Fisch, FACC, co-directors. 
University of Kentucky Col- 
lege of Medicine, Lexing- 
ton, Ky. 


OCT. Vectorcardiography (Ad- 

3-5 vanced). Alberto Benchi- 
mol, FACC, director. Moun- 
tain Shadows Hotel, Scotts- 
dale, Ariz. 


OCT. Newer Approaches to the 
11-13 Evaluation and Treatment of 
Hypertension. Laurence A. 


FACC, director 
and Grant W. Liddle, 
Gottlieb Friesinger and 
John A. Oates, co-direc- 
tors. Vanderbilt University 
School of Medicine, Nash- 
ville. 


Grossman, 


OCT. New Techniques and Con- 

12-13 cepts in Cardiology. !) Phar- 
macologic Treatment of 
Acute Myocardial Infarction. 
Il) Clinical Uses of Echo- 
cardiography. Stephen E. 
Epstein, director. Sheraton 
Park Hotel, Washington, 
D.C. 


OCT. Electrocardiographic and 

16-18 Therapeutic Problems in 
Acute Myocardial Infarction. 
William J. Grace, FACC, di- 
rector. St. Vincent's Hospital 
and Medical Center of New 
York, New York, N. Y. 


OCT. Heart Disease 1973: Practical 

18-20 Diagnosis and Management. 
John Ross, Jr., FACC, direc- 
tor and Richard A. Carleton, 
FACC and Robert A. 
O'Rourke, FACC, co-direc- 
tors. Town and Country Ho- 
tel/Convention Center, San 
Diego, Calif. 


OCT. 31- 
NOV. 2 


Cardiac Pacing. Doris J. W. 
Escher, FACC and Seymour 
Furman, FACC, directors. 
New York Hilton, New York, 
NY. 


NOV. Cardiology 1973. T. K. Lin, 
2-4 FACC, director. Princess 
Kaiulani Hotel, Honolulu. 


NOV. 
5-14 


Cardiology for the  Con- 
sultant: A Clinician's Retreat. 
E. Grey Dimond, FACC, di- 
rector. Rancho Santa Fe 
Inn, Rancho Santa Fe, Calif. 


NOV. 
27-29 


Clinico-Pathologic Correla- 
tions in Cardiovascular 
Disease. William C. Roberts, 
FACC, director. Confer- 
ence Center, Williams- 
burg, Va. 


DEC. Advances in Heart Disease 

7-9 1974. Dean T. Mason, FACC, 

i director. San Francisco Hil- 
ton, San Francisco, Calif. 


DEC. Colloquia in Cardiology: 

12 Number 6—Electrophysio- 
logic Bases for Clinical Ar- 
rhythmias. Robert W. Oblath, 
FACC and Ronald Danzig, 
FACC, directors. Ambassa- 
dor Hotel, Los Angeles, 
Calif. 


DEC. The William Likoff Sympo- 

13-16 sium: Recent Advances in 
Cardiovascular Disease. 
Henry |. Russek, FACC, di- 
rector. New York Hilton, 
New York, N. Y. 


1974 


JAN. The Cardiac Care Unit in 
13-15 1974— Integrated Medical- 
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JAN. 
10-12 


JAN. 


JAN. 


11-14 


FEB. 
15-16 


252 


Surgical Care in Acute Coro- 
nary Artery Disease. John H. 
K. Vogel, FACC, director. 
Opticon Theater, Snowmass 
at Aspen, Aspen, Colo. 


Non-Invasive Techniques: 
Their Use in Cardiac Diag- 
nosis and Evaluation of Ven- 
tricular Function. Ernest 
Craige, FACC, director. Uni- 
versity of North Carolina 
School of Medicine, Chapel 
Hill, N. C. 


Core Curriculum: Cardio- 
vascular Physiology: Clinical 
Implications of Newer Con- 
cepts and Measurements. 
William W. Parmley, FACC, 
director. Palm Springs, 
Calif. 


Core Curriculum: Echocardi- 
ography. Arthur D. Hagan, 
director. U. S. Naval Hospi- 
tal, San Diego, Calif. 


Twenty-third Annual Scien- 
tific Session. H. J. C. Swan, 
FACC, president. Americana 
Hotel and New York Hilton, 
New York, N. Y. 


1974 Reconvened Annual 
Scientific Session. Carlos E. 
Bertran, FACC, director. 
Americana of San Juan, San 
Juan, P. R. 










Technical Exhibits 
Deadline for requests for space: October 12, 1973 


MAR. 
18-20 


MAR. 


18-22 


MAR. 
25-27 


MAR. 
27-29 


APR. 
1-10 


APR. 
3-5 


New York, New York 


e Abstracts 
Entries must be postmarked no later than September 28, 1973 


€ Scientific Exhibits 
Deadline for requests for space: October 15, 1973 


€ Cardiovascular Films 
Deadline for submission: November 1, 1973 


Pathology of the Heart. Mau- 
rice Lev, FACC, director. 
Palmer House, Chicago, III. 


Consultant's Course in 
Cardiology. Simon Dack, 
FACC, director. Mt. Sinai 
Medical Center, New York, 
N. Y. 


Electrocardiographic Inter- 
pretation of Arrhythmias: 
A Physiological Approach. 
Charles Fisch, FACC, direc- 
tor. Indiana University Med- 
ical Center, Indianapolis, 
Ind. 


Hypertension—When and 
How To. Robert S. Eliot, 
FACC, director. Gerald L. 
Wolf and Frank Land, co- 
directors. University of Ne- 
braska Center for Con- 
tinuing Education, Omaha, 
Nebr. 


Cardiology for the Con- 
sultant: A Clinician’s Re- 
treat. E. Grey Dimond, 
FACC, director. Rancho 
Santa Fe Inn, Rancho Santa 
Fe, Calif. 


Vectorcardiography: A Basic 
Workshop. Alberto Bench- 
imol, FACC, director. Moun- 


tain Shadows Hotel. Scotts- 


dale, Ariz. 


23rd ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


February 11-14, 1974 


è Young Investigators’ Awards Competition 
Entires must be postmarked no later than November 1, 1973 
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APR. 
4-6 


APR. 
22-25 


MAY 
6-8 


MAY 
9-11 


MAY 
17-19 


MAY 
23-25 


JUNE 
6-8 





For application forms, write Patrick A. Ziarnik, Director, Annual Scientitic Session 
Department, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


Advances in Clinical Cdr- 
diology. Lawrence S. Cohen, 
FACC, director. Yale Uni- 
versity Schoo! of Medicine, 
New Haven, Conn. 


Current Concepts in Cardi- 
ology—1974. Philip R. Akre, 
director. Grand Hotel, Las 
Vegas, Nev. 


The Treatment of Coronary 
Syndromes. J. Willis Hurst, 
FACC, director. Royal 
Coach Motor Hotel, Atlanta, 
Ga. 


The Ventricular Ectopic Beat: 
Heart-throb or Harbinger of 
Death. Bernard Tabatznik, 
director. Urban Life Center, 
Columbia, Md. 


Rational Drug Therapy in 
Cardiovascular Disease. 
Robert J. Lee, Ph.D., direc- 
tor. Squibb Institute, Prince- 
ton, N.J. 


Cardiologists Appraisal of 
Cardiac Surgery. Arthur 
Selzer, FACC, director. Jack 
Tar Hotel, San Francisco. 


Core Curriculum in Echocar- 
diography: New Develop- 
ments in Cardiac Ultrasound. 
Arthur D. Hagan, director. 
Town and Country Hotel, 
San Diego, Calif. 























COLLEGE NEWS 


Tribute to the Life of John Beauregard Johnson 


The following remarks were presented by 
Walter M. Booker, PhD, professor of 
pharmacology, Howard University Medi- 
cal School, on December 19, 1972 at the 
funeral of Dr. John B. Johnson. 





I have come to pay tribute to a 
friend, a fellow faculty member, a 
dramatic and inspiring teacher, a 
researcher, a dynamic leader of 
medical programs in the major or- 
ganizations of the United States, 
a husband and a father. It should 
be well known that my task is an 
arduous one and it requires my 
fortitude, buffered by your sympa- 
thetic understanding, in order 
that I may say what I think 
should be said about John B. 
Johnson. His great achievements 
have been pointed up in the obit- 
uary notices, but I want to, in a 
very few minutes, weave the 
threads and the fiber into the 
cloth that covered this great 
man’s life. 

When I was a senior student at 
Morehouse College, Emory Smith, 
who was then Secretary of How- 
ard University, came to Atlanta 
recruiting medical students. Dur- 
ing his speech he said, “... at 
Howard the medical faculty ex- 
hibits ‘ability, fired with inter- 
est'." Little did I know that one 
day I could see this in its reality. 


In 1943, when I joined the How- 
ard medical faculty, I met John 
Johnson. I saw very quickly in 
John a young, energetic, fast-mov- 
ing, vibrant and perceptive man. I 
watched, with avid interest, the 
application of his talents to many 
problems facing the clinician. As 
his endeavors moved from treat- 
ment of the nephrotic syndrome 
to management of mercury poi- 
soning, barbiturate poisoning, car- 
bon tetrachloride poisoning, infec- 
tious diseases and, later, testing 
new drugs for their effectiveness in 
diseases, I said this man must 
have read the life of Francois Me- 
gendie, one of France's great 
physiologist-physicians, who said 
of his variety of medical interests, 
"Tm just a rag picker; and I go 
around with my stick in my hand, 
picking up the paper and the 
trash [to clean the grounds and 
the fields]." This spirit and influ- 
ence of the broad approach to 
medical problems caused John to 
look for and lock arms with many 
men who, by their training and 
their disciplines, could join with 
him as they went around “picking 
up the pieces" with their sticks in 
their hands. 

Perhaps the first time I saw 
John as a leader who could orga- 
nize persons of different talents to 
work toward a common goal was 
in early 1950 when the Food and 
Drug Administration asked him to 
get together a group to look at the 
clinical use of cortisone in a wide 
variety of diseases. He had be- 
come departmental chairman 
shortly before, and it was his first 
start at multidisciplinary organi- 
zation; and it was Howard Uni- 
versity's first real opportunity to 
show the variety of its talents. 
This study represented one of the 
final studies that were performed 
on cortisone before the Food and 
Drug Administration released it to 
the medical market. The study 
was carried out by internists, al- 
lergists, radiologists, pathologists, 
surgeons, obstetricians and phar- 
macologists, and the results were 


published; and the following sum- 
mer John called all of us away 
from our vacations and said, “We 
are going to present the cortisone 
study at the National Medical As- 
sociation meeting at Hampton In- 
stitute." We did! 

Then, in the middle to late 
1950's and 1960's, I saw John's 
medical interest turn more in 
depth toward cardiology and car- 
diovascular disease as a subspeci- 
ality and less toward internal 
medicine. This was to be expected 
since he had been so well trained 
in cardiovascular diseases and in 
cardiac catheterization by André 
Cournand, who had won the 
Nobel Prize for his technique of 
cardiac catheterization. He sensed 
a need for the development of a 
deeper and more sensitive con- 
sciousness about cardiac and car- 
diovascular diseases and the im- 
portance of their diagnosis and 
therapy, using the latest research 
procedures that could be brought 
to our campus. He organized the 
great and memorable Saturday 
morning conferences, and attract- 
ed the interest of the practicing 
physicians in Washington who at- 
tended the conferences in great 
numbers. 'They heard great men of 
cardiology speak, men like Paul 
Dudley White, André Cournand, 
Sam Levine, Hufnagel, Walsh and 
many others. John had seen de- 
velopments in cardiac surgery, 
and he encouraged the Depart- 
ment of Surgery to send away 
men for training in this area. 
Shortly after the middle 1950's, 
when Mitchell Spellman became 
Howard's first cardiac surgeon, 
John found a correctable defect in 
a young woman; and Spellman 
successfully operated on the young 
woman, who today still lives. This 
was the beginning of a new era at 
Howard, and another manifesta- 
tion of teamwork that would pres- 
age our current and almost rou- 
tine practice of open heart sur- 
gery. 

John had more than an investi- 
gator’s interest in hypertension. 
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He was interested in getting the 
National Medical Association in- 
volved in the problem; he wanted 
to establish an Advisory Commis- 
sion whose recommendations 
would result in programs of 
screening for and treatment of hy- 
pertension among blacks. This 
Commission was established last 
year and is now functioning at the 
planning stage. In addition to 
this, and perhaps the real peak of 
John’s success as a respected clin- 
ician and investigator in the field 
of hypertension, is that, working 
with the National Heart and Lung 
Institute of the National Institutes 
of Health, he was able to exert his 
influence on the former Secretary 
of Health, Education and Welfare 
to establish a National Advisory 
Committee, and to have hyper- 
tension declared a national emer- 
gency. 

While John was expending all of 
his efforts toward building a de- 
partment composed of some of 
America’s finest clinicians, he was 
busily and restlessly engaged in 
enabling them to become as rec- 
ognized as he was. His restless, 
impetuous and agitated nature 
showed itself often as he strove, 
with success, to prepare the way 
for his younger and older col- 
leagues to become members of the 
American College of Physicians, 
diplomates of internal medicine 
and the subspecialities. Almost si- 
multaneously he worked from the 
grass roots to leadership roles in 
the National Medical Associa- 
tion. He was active in the Ameri- 
can Heart Association, to which 
he was elected vice-president at- 
large a month before his death 
and in the American College of 
Cardiology, which named him 
governor of the District of Colum- 
bia in 1971. As a board member of 
the Washington Heart Association 
from 1948 until his death, and the 
president of the Association from 
1970 to 1971, he made ocutstand- 
ing contributions to the programs 
of the Association. 

With all of this, how could John 
Johnson find the time to teach, 


plan a fine catheterization labora- 
tory, plan and work in a fine and 
efficient intensive care and coro- 
nary care unit, travel and attend 
meetings? But he found the time, 
and his bright mind worked con- 
tinuously at a fast pace, driving his 
body equally as fast. 

In committees, in organizations 
or group meetings, in scientific 
sessions, he was sometimes 
misunderstood because he had lit- 
tle patience with lack of vision or 
imagination, or with inaction and 
inertia. Speedy perception was his 
very nature, which he sometimes 
admitted needed to be tempered. 
But his impetuous and sometimes 
irritable reactions were never 
without recognition of the worthi- 
ness of the cause. 

He was a diligent and skillful 
man, standing before kings of 
medicine and of humanity gener- 
ally—not obscure men! He walked 
with scholars, but he worked with 
the less scholarly toward their im- 
provement. This was most evident 
in his work and lectures at many 
state medical groups over the 
country. 

John Johnson's life should be an 
inspiration to those who have 
been born as he was into the vic- 
issitudes of life—amid depriva- 
tion, discrimination, disenfran- 
chisement, and, even in profes- 
sional life, having to “do much 
with little." He must have disre- 
garded the past because he did 
not understand it, like Paul who 
said, “I count not myself to have 
apprehended (comprehend), but 
this one thing I do—I forget the 
past and I press on!" John 
"pressed on" with speed, and we 
here today represent his “cloud of 
witnesses." 

Members of the Howard Uni- 
versity community (faculty, stu- 
dents and friends); members of 
the National Medical Associa- 
tion, the American Heart Associa- 
tion, the American College of Car- 
diology, the American College of 
Physicians, the Association of 100 
Lecturers in Cardiology, of which 
John was an invited member; we 
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have been left a bonded legacy, 
bought and paid for by the good, 
the just, the true and the things of 
love and good report that John 
did in his life. And the quarterly 
dividends should be re-invested 
into the lives of our young people 
in whom John Johnson had such 
great faith and expectation. All 
over this world, where there are 
men whose lives he touched and 
influenced, the young and old 
physicians should reflect his shin- 
ing life and works. 

I do not exclude from the trus- 
teeship of John Johnson’s legacy 
the administrators of the National 
Heart and Lung Institute and the 
Secretary of Health, Education 
and Welfare, on whose Advisory 
Committee John served; in your 
plans and in the thoughtful appli- 
cation of your talents, you must 
remember the man who worked so 
hard to get the subject of hyper- 
tension before you as a national 
emergency. 

I believe the greatest responsi- 
bility for watching over this bond- 
ed legacy is in the hands of the 
medical faculty and the medical 
students; those principal investi- 
gators of nine disciplines whose 
ideas have now been finalized in a 
grant proposal on the study of hy- 
pertension and hypertensive heart 
disease amounting to almost two 
million dollars must move more 
closely together and take strength 
of heart to shoulder a weighty re- 
sponsibility in the name of our 
Project Director. 

Down on the grounds of the Old 
Griffith Stadium, the first of a 
massive structure of our new med- 
ical center is now at the fifth level 
of concrete. John Johnson's plans 
for the intensive care unit and the 
coronary care unit are great; but 
more importan: will be the quali- 
ty of work there, remembering 
that there will be no room for sub- 
standard or mediocre  perfor- 
mance. Each day, the memory of 
John Johnson should be our pace- 
maker, driving us to zealous com- 
panionship in the science and the 
art of medicine. 
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per minute 
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probe with positive 
capture slide 


€ Designed for O.R. and 
cath lab use 


@ For rapid analysis of 
flow through exposed 
blood vessels 


€ Use with Biotronex 
clinical blood flowmeter 
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for 
bypass 
applications 


€ Use with heart-lung 
machine, artificial kidney 
or similar systems 


€ Iron core construction 
provides high sensitivity 
and accuracy 

€ Operates with BLI 


research and clinical 
blood flowmeters 


€ Available in sizes to fit 
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GOLACE 


dioctyl sodium sulfosuccinate 


1 j a 
e E WEN 
Simple > 
NS 


ops of water 


help make 


COLACE the 


most widely used 
stool softener. 


COLACE works by stool-softening action alone, free from laxative 
stimulation. Simply by letting natural intestinal water permeate stools, 
COLACE helps to eliminate the hard, dry stools common to constipation. 


COLACE works to prevent pain and straining at stool with minimum 
chance of griping or cramps, particularly in patients with delicate 
anorectal disorders. COLACE is safe and non-habit forming in short- or 
long-term therapy. COLACE—the simple water way to ease constipation 
from infancy to old age. Capsules, syrup or liquid. 
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potass 





solution.- 


"The drug of choice - 
for oral replacement 
of potassium is 








um ehloride 





AMA Druc Evaluations 1971, First Edition, 
Chicago, American Medical Association, p. 121. 


Kay Ciel Elixir is 





t 


COMPOSITION: Each 15 cc. (one table- 
spoonful) contains potassium chloride 1.5 
Gm., supplying 20 mEq. of elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 4%. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxicatior, low dietary intake 

of potassium or as e resu t of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponding daily dose is 


i 


often not known. Excessive or even thera- 
peutic dosages may resul: in potassium 
intoxication. Patients should be frequently 
checked and periodic EGG and/or plasma 
potassium levels made. High plasma con- 
centrations of potassium ion may cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patien:s with cardiac 
disease. In hypokalemic! states, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 
fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 


otassium chloride... 
stas good too! 


exists, it should be promptly treated with 
the discontinuance of potassium edminis- 
tration or other steps to lower serum levels 
if indicated, since sudden sh ft in plasma 
levels may induc2 potentially dargerous 
cardiac arrhythmias. 

DOSAGE AND ADMINISTRATION Adults, 
one tablespoonful (15 cc.) di'uted in one 
glass of water, twice daily after the 
morning and evening meal. Larger doses 
may be indicated according to the indi- 
vidual patient's requirements but should 
be administered under close supe'vision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly im regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gallon 
bottles. 


(DOC! Cooper Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 
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When the heart is under catecholamine siege 


INDERAL propranolol hydrochloride 


The beta-adrenergic blocking agent 
for many cardiac arrhythmias 


Artist’s conception of 
INDERAL (propranolol 
hydrochloride) blockade 
against undesirable catechol- 
amine stimulation. INDERAL 
molecules (red) compete specifically 
with catecholamine molecules (green) 
for available beta-receptor sites in cardiac 

tissue. With fewer catecholamine molecules gain- 

ing access to these sites, beta-adrenergic stimulation is reduced 
proportionately. 











As the first beta-adrenergic blocking 
agent in clinical cardiologic use, 
INDERAL (propranolol hydrochlo- 
ride) helps prevent or control catecho- 
lamine-induced supraventricular 
cardiac arrhythmias by means of a 
unique mechanism of action. 

Excitatory adrenergic activity from 
sympathetic nerve endings and the 
adrenal medulla is mediated in myo- 
cardial and pacemaker tissue via beta 
receptors. Through blockade of unde- 
sirable catecholamine stimulation at 
these sites, INDERAL decreases im- 
pulse formation and conduction, and 
thus the rate and force of myocardial 
contraction. The clinical benefit is 
generally a reduction of supraventricu- 
lar rate, a slowing of ventricular re- 
sponse, and restoration to sinus rhythm 
in many cases. In responsive patients, a 
subsequent maintenance regimen of 10 
to 30 mg. INDERAL three or four 
times daily can prevent recurrence or 
reduce the frequency and severity of 
paroxysmal attacks. 

With its unique site of action, 
INDERAL does not interfere with the 
therapeutic actions of nonadrenergic 
cardiotonic agents. Thus INDERAL 
can be used in combination—or alone— 
to control arrhythmias when other 
drugs have failed to produce a satis- 
factory response. 

INDERAL is especially effective in 
the management of catecholamine- 
induced supraventricular arrhythmias. 
The response of ventricular arrhyth- 
mias is generally less predictable. 
INDERAL has proved to be of particu- 
lar value in the control of digitalis- 
induced arrhythmias. 


vts 01 


Proved effective over 6 years'clinical use 


paroxysmal atrial tachycardia'* 


hh ton des al n'a 


Propranolol hydrochloride may be useful in preventing 
recurrent attacks of paroxysmal atrial tachycardia 
“including attacks which may be a part of the Wolff- 
Parkinson-White syndrome.” 3 


sinus tachycardia? 


Sonnenblick “would use propranolol hydrochloride in 
treating a rapid sinus tachycardia which is poorly toler- 
ated by the circulation—if the tachycardia were not due 
to some underlying process such as occult blood loss."? 


atrial flutter*91! 


Scent ttl coo Cod a df 


“In the presence of atrial flutter, ventricular rate is often 
difficult to control, and, as with an atrial fibrillation, 
propranolol hydrochloride should be added when the 
flutter is not being controlled by digitalis, especially in 
the presence of mitral valve disease.’’? 


atrial fibrillation!-19 


18:98 ONE! amma TAN SY REI ERN INT 


*Propranolol is perhaps most predictably effective in 
the treatment of patients with atrial fibrillation. It re- 
duces the ventricular rate by prolonging the functional 
refractory period of the atrioventricular node. This oc- 
curs whether or not the patient is receiving digitalis."? 


arrhythmias of digitalis intoxication! 


“Propranolol has been especially useful in treating pa- 
tients with arrhythmias in the presence of established 
or suspected digitalis toxicity. All too common is the 
clinical situation in which we know the patient has had 
digitalis, but do not know whether he is toxic to digitalis. 
Propranolol may bea very useful drug in this situation."! 

According to Wehrmacher, propranolol hydrochloride 
*is probably the treatment of choice for digitalis- 
induced tachyarrhythmias."10 


BETA-BLOCKADE /INDERAL’ 


ventricular tachycardias (when a matter of minutes 
in controlling the arrhythmia may mean life or 
death and when cardioversion technics are not 
availabley479:10.12 


“There appears to be a special place for the use of pro- 
pranolol in patients with prolonged cardiac arrest asso- 
ciated with resistant, recurrent ventricular fibrillation. 
Propranolol has been shown to have an anti-fibrillatory 
effect, and we [the clinicians] believe it should be used 
when standard resuscitation methods and. drugs have 
not produced a satisfactory cardiac rhythm."?? 


arrhythmias associated with anesthesia in selected 
cases?-10.12-15 


In the treatment of cardiac disturbances occurring dur- 
ing and/or following halothane anesthesia for cardio- 
vascular operations, 141 episodes in 115 patients 
“responded consistently to 1 to 2 mg. of propranolol 
intravenously without serious side effects. The onset of 
the drug’s action was apparent within one to three 
minutes after its injection.’ !* 


Also recommended in the management of hyper- 
trophic subaortic stenosis . . 5:10.16 


Oral administration has produced symptomatic im- 
provement in a large majority of patients, some treated 
for several days, and others for as long as several 
months.!? 


... and pheochromocytoma®®*0.17.18 


“When surgical removal [of the tumor in pheochromo- 
cytoma] is impossible, administration of both «- and 
B-adrenergic blocking drugs is essential for long-term 
control."19 

Administered with awareness of the Contraindica- 
tions, Warnings, Precautions, and Adverse Reactions, 
INDERAL (propranolol hydrochloride) provides a 
valuable tool in controlling a wide variety of cardiac 
arrhythmias, including cases that have proved refrac- 
tory to previous therapy with other drugs. 

With judicious use of INDERAL in suitably selected 
patients, symptomatic improvement is most frequently 


obtained; restoration to sinus rhythm is often possible. 


Ayerst. 
(propranolol hydrochloride) 


(See last page of advertisement for prescribing information.) 


BRIEF SUMMARY 
(For full prescribing information, see package circular.) 


INDERAL 
(propranolol hydrochloride) 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE 
PHYSICIAN SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC 
CONCEPT OF ADRENERGIC RECEPTORS (ALPHA AND BETA), AND 
THE PHARMACOLOGY OF THIS DRUG. 
















INDICATIONS 
INDERAL is indicated in the management of: 
1) CARDIAC ARRHYTHMIAS 
a) Paroxysmal atrial tachycardia 
b) Sinus tachycardia and extrasystoles (atrial and ventricular) 
c) Atrial flutter and fibrillation 
Inthe majority of cases of flutter or fibrillation, a beneficial effect is obtained 
by thereduction of ventricular response (reduced ventricular rate) to the atrial 
tachyarrhythmia by partial A-V biock. Occasionally, normal sinus rhythm 
may be restored, but the mechanism of this action is unknown. 
d) Tachyarrhythmia of digitalis intoxication 
Digitalis-induced tachyarrhythmias may lead the physician to increase the 
dose on the false assumption that the previous dosage was inadequate. Dig- 
italis-induced tachyarrhythmias are usually reversible within minutes by 
INDERAL, given intravenously. Once normal rhythm has been restored, 
maintenance with oral therapy is indicated. (See Dosage and Administration.) 
e] Tachyarrhythmias associated with anesthesia 
Tachyarrhythmias during anesthesia may sometimes arise because of carbon 
dioxide accumulation, surgical stimulation, or catecholamine administration. 
When usual measures fail, INDERAL may be given intravenously to abolish 
thesearrhythmias. However, INDERAL should not be used to treat arrhyth- 
mias associated with anesthetics that produce myocardial depression, for 
example, chloroform and ether. 
f) Ventricular tachycardias . 
When a matter of minutes in controlling the arrhythmia may mean life or 
death, and when cardioversion technics are not available, INDERAL may be 
given intravenously slowly and in low dosage. (See Dosage and Administra- 
tion.) Although risks must necessarily be taken to control the arrhythmia in 
these cases, the cautious use of the drug will reduce them to a minimum. Care 
inthe administration of INDERAL and constant monitoring with an electro- 
cardiograph is essential, as the failing heart requires some sympathetic drive 
to maintain myocardial tone. 
£) Occasionally in severe tachyarrhythmias, the reduction of ventricular rate 
with use of INDERAL (propranolol hydrochloride) may permit a more ac- 
curate electrocardiographic diagnosis of the arrhythmia. 
2) HYPERTROPHIC SUBAORTIC STENOSIS 
INDERAL reduces the ventricular gradient induced by exogenous cate- 
cholamine (isoproterenol) by relieving outflow obstruction. The control of 
angina, syncope, vertigo, and palpitations in these patients may represent 
blockade of endogenous catecholamine overstimulation. 
3)PHEOCHROMOCYTOMA 
INDERAL protects the heart from the positive inotropic and chronotropic 
effects of excessive levels of catecholamines. Alpha-adrenergic blocking 
drugs (phenoxybenzamine and phentolamine) diminish the risk of excessive 
hypertension before and during surgical treatment of the pheochrome tumors, 
but donot prevent excessive cardiac stimulation by catecholamines. However, 
INDERAL should always be used concomitantly with alpha-receptor block- 
aders since antagonism of the dilator (beta) action of epinephrine on peripheral 
vessels may leave the constrictor (alpha) action unopposed and cause a serious 
rise in blood pressure. In patients with inoperable or metastatic pheochromo- 
cytoma, INDERAL isauseful adjunct tothe management of symptoms due to 
excessive beta-receptor stimulation. 


CONTRAINDICATIONS 
INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis 
during the pollen season; 3) sinus bradycardia and greater than second degree 
ortotal heart block; 4) cardiogenic shock; 5) right ventricular failure secondary 
to pulmonary hypertension; 6) congestive heart failure (see under WARN- 
INGS) unless the failure is secondary to a tachyarrhythmia treatable with 
INDERAL, i.e., some patients with congestive failure exhibiting rapid heart 
rates due to a strong sympathetic component, with inadequate response to 
maximum doses of digitalis and diuretic, may be improved by the cautious 
addition of INDERAL to the treatment regimen; 7) in patients receiving an- 
esthetics that produce myocardial depression such as chloroform and ether; 
8)in patients on adrenergic-augmenting psychotropic drugs (including MAO 
inhibitors), and during the two week withdrawal period from such drugs. 

WARNINGS 

CARDIAC FAILURE: Sympathetic stimulation is a significant component 
in supporting circulatory function in congestive heart failure, and inhibition 
with beta-blockade always carries the potential hazard of further depressing 
myocardial contractility and precipitating cardiac failure. 
Infrank or incipient congestive failure, therefore, treatment with INDERAL 
should be carried out cautiously and preferably under the protective cover of 
concurrent digitalization. INDERAL acts selectively without abolishing the 
inotropic action of digitalis on the heart muscle (i.e. that of supporting the 
strength of myocardial contractions). 
In patients without a history of cardiac failure, continued depression of the 
myocardium over a period of time can, in some cases, lead to cardiac failure. 
In rare instances, this has been observed during INDERAL (propranolol 
hydrochloride) therapy. Therefore, at the first sign or symptom of impending 





INDERAL-® (propranolol hydrochloride) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 





— failure, patients should be fully digitalized, and the response observed 
osely: 

(a)if cardiac failure continues to progress, INDERAL (propranolol hydrochlo- 
ride) therapy must be immediately withdrawn; (b) however, if tachyarrhyth- 
mia is being controlled, patients should be maintained on combined dosage 
and the patient closely followed until threat of cardiac failure is ever. 
PATIENTS PRONE TO HYPOGLYCEMIA: Caution should be exercised 
intheadministration of INDERAL to patients subject to spontaneous hypo- 
glycemia or to diabetics (especially labile diabetics) receiving insulin or oral 
hypoglycemic agents. Because of its beta-adrenergic blocking activity, 
INDERAL may prevent the appearance of premonitory signs and symptoms 
(pulse rate and pulse pressure changes) of acute hypoglycemia. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy 
has not been established. Use of any drug in pregnancy or women of child- 
bearing potential requires that the possible risk to mother and/or fetus be 
weighed against the expected therapeutic benefit. 


PRECAUTIONS 

Patients receiving catecholamine depleting drugs such as reserpine should 
beclosely observed when INDERA L is introduced into the treatment regimen. 
The added catecholamine blocking action of this drug may then produce an 
excessive reduction of the resting sympathetic nervous activity. 
Occasionally, the pharmacologic activity of INDERAL may produce hypo- 
tension and/or marked bradycardia resulting in vertigo, syncopal attacks, 
or orthostatic hypotension. 
As with any new drug given over prolonged periods, laboratory parameters 
should be observed at regular intervals. The drug should be used with caution 
in patients with impaired renal or hepatic function. 

ADVERSE REACTIONS 
Inthe majority of patients INDERAL is well tolerated, and side effects have 
been transient in nature, rarely necessitating withdrawal of therapy. Nausea, 
vomiting, light-headedness, mild diarrhea, constipation, and mental depres- 
sion (manifested by insomnia, lassitude, weakness, and fatigue) have been 
observed during thecourse of clinical investigation. One case of mental depres- 
sion which progressed to a catatonic state was returned to normal when the 
drug was discontinued. Isolated cases of erythematous rash, paresthesia of 
the hands, fever combined with aching and sore throat, visual disturbances, 
and hallucinations have also been reported. Rarely, respiratory distress and 
laryngospasm have been reported following intravenous administration. 
Elevated biood urea levels have occasionally been observed in a few patients 
with severe heart disease, and it is suspected that these high values were 
due to the renal status of the patient rather than a result of therapy. Sim- 
ilarly, elevated serum transaminase levels have occasionally been observed, 
but in no case was there any clinical or other laboratory evidence of hepatic 
dysfunction. One case of nonthrombocytopenic purpura and one case of 
thrombocytopenic purpura have beer reported from abroad in patients who 
were receiving other drugs in addition to INDERAL (propranolol hydro- 
chloride). Three instances of reversible alopecia coincident with INDERAL 
administration have been reported; relationship to the drug has not been 


li 
—PÜ DOSAGE AND ADMINISTRATION 
The oral route of administration is preferred. 
ORAL 
Arrhythmias — 10-30 mg. threeor four times daily, before meals and at bedtime. 
Hypertrophic Subaortic Stenosis — 20-40 mg. three or four times daily, before 
meals and at bedtime. 
Pheochromocytoma — Preoperatively —60 mg. daily in divided doses for 
three days prior to surgery, concomitantly with an alpha-adrenergic blocking 
agent. — Management of inoperable tumor —30 mg. daily in divided doses. 
INTRAVENOUS 
The usual dose is from 1-3 mg. administered under ECG monitoring. The 
rate of administration should not exceed 1 mg. (1 cc.) per minute. Sufficient 
time should be allowed to enable a slow circulation to carry the drug to the 
site of action. Once an alteration in raze of rhythm is recorded, it is advisable 
to give no further INDERAL until the full effect is observed. 
Depending on the response, a second dose may be repeated after two minutes. 
Additional medication should not be given in less than four hours. Therapy 
with oral dosage is advisable as soon as possible. 
NOTE: Sheuld excessive bradycardia occur, atropine 0.5-1.0 mg. should be 
administered intravenously. 

SUPPLIED 


Inderal* (propranolol hydrochloride) 


TABLETS — No. 461— Each tablet contains 10 mg. of propranolol hydro- 
chloride, in bottles of 100 and 1,000. 

— No. 464 — Each tablet contains 40 mg. of propranolol hydrochloride, in 
bottles of 100 and 1,000. 

INJECTABLE — No. 3265 — Each cc. contains 1 mg. of propranolol hydro- 
chloride in Water for Injection. The pH is adjusted with citric acid. Supplied 
as: 1 cc. ampuls — Boxes of 10. 
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SYMPOSIUM ON CONGESTIVE HEART FAILURE: RECENT ADVANCES IN 
STRUCTURE, BIOCHEMISTRY, PHYSIOLOGY AND PHARMACOLOGY 


395 Introduction 
DEAN T. MASON, ROBERT ZELIS and JOAN WIKMAN-COFFELT 


398 Structural Conditions in the Hypertrophied and Failing Heart 
HENRY M. SPOTNITZ and EDMUND H. SONNENBLICK 


This paper reviews the characteristics of heart structure that form the basis for normal function and the 
substrate for disease. “Eccentric” hypertrophy and “concentric” hypertrophy represent a chronic adapta- 
tion of the myocardium to diastolic (volume) or systolic (pressure) loads, respectively. The authors stress 
the need for defined pressure-volume curves with known ventricular mass and shape in human disease. 


407 Abnormal Biochemistry in Myocardial Failure 


ARNOLD SCHWARTZ, LOUIS A. SORDAHL, MARK L. ENTMAN, JULIUS C. ALLEN, Y.S. REDDY, M. 
ANN GOLDSTEIN, ROBERT J. LUCHI and LEIGH E. WYBORNY 


This report reviews some modern biological concepts of the normal and abnormal failing myocardium. 
One of the earliest defects found in isolated fragments of sarcoplasmic reticulum was a decreased rate of 
calcium release which was possibly related to alterations of intracellular pH. Mitochondria from severely 
failing hearts were defective in respiration control and calcium accumulation. Actinomysin from cardiac 
muscle showed a significant diminution in calcium sensitivity as a result of a defect in the tropomyosin- 
troponin system. 


423  Ribonucleic Acid (RNA) Polymerase and Adenyl Cyclase in Cardiac Hypertrophy and 
Cardiomyopathy 


KAPPIARETH G. NAIR, TEDDY UMALI and JAMES POTTS 


Ribonucleic acid (RNA) polymerase increases in activity during the early stages of hypertrophy induced 
by aortic banding and in the cardiomyopathy of the Syrian golden hamster. Increased adenyl cyclase ac- 
tivity in the myocardium of the hamster with cardiomyopathy suggests catecholamines and cyclic adeno- 
sine monophosphate may be important in the pathogenesis of this correlation. 
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427 Myocardial Oxygen Consumption in Experimental Hypertrophy and Congestive Heart Failure Due 
to Pressure Overload 


J.F. GUNNING, G. COOPER, IV, C.E. HARRISON and H.N. COLEMAN, III 


Myocardium hypertrophied by a pressure overload exhibits depressed contractility and deterioration with 
superimposition of congestive heart failure. Studies in cat right ventricular papillary muscles reveal that 
oxygen consumption of the myocardium is normal during isotonic contractions and increased during iso- 
metric contractions. Increased nonphosphorylating respiration by mitochondria may cause the increased 
myocardial oxygen consumption of pressure-induced hypertrophy of the myocardium. 


437 Regulation of Cardiac Performance in Clinical Heart Disease. Interactions Between Contractile State 
Mechanical Abnormalities and Ventricular Compensatory Mechanisms 


DEAN T. MASON 


The primary objective of the interaction of cardiac compensatory mechanisms with systolic hemodynamic 
and contractile state abnormalities in clinical heart disease is to maintain resting cardiac output at a nor- 
mal level. This article discusses these mechanisms in terms of ventricular preload, contractility, afterload, 
heart rate and synergy. 


449 Nature and Significance of Alterations in Myocardial Compliance 
JAMES W. COVELL and JOHN ROSS, Jr. 


Most alterations in inotropic state normally do not substantially influence diastolic compliance. However, 
left ventricular compliance can be markedly altered in chronic disease states, acute myocardial infarction, 
chronic ventricular hypertrophy and failure and chronic dilatation. Assessment of the diastolic pressure- 
volume relation or the pressure-circumference relation over a range of pressures up to end-diastolic pres- 
sure, or over the range of volume accompanying the stroke volume is one appropriate way, as suggested 
in this article, to evaluate chronic changes in cardiac compliance. 


456 Effects of Ischemia on the Contractile Processes of Heart Muscle 
ARNOLD M. KATZ 


The precipitous decline in myocardial contractility after coronary arterial occlusion probably results from 
the hypoxia-induced decrease in aerobic adenosine triphosphate production by the ischemic myocardium. 
Other factors, as discussed in this review, may also contribute to this change in function. 


461 Function of the Hypoxic Myocardium. Experimental and Clinical Aspects 
EZRA A. AMSTERDAM 


Deprivation of oxygen is a major factor and reduced substrate delivery and accumulation of the products 
of cell metabolism and breakdown are contributory factors in the derangements of cardiac mechanical 
and pump performance, metabolic processes, electrical activity and structure associated with myocardial 
ischemia or hypoxia. The electrocardiogram, serum enzymes and isotopic imaging of left ventricular myo- 
cardium are helpful in estimating the extent of left ventricular damage and in selecting the most appropriate 
therapy. 
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472 Alterations of Cardiac Sympathetic Neurotransmitter Activity in Congestive Heart Failure 
HAROLD L. RUTENBERG and JAMES F. SPANN, Jr. 


The sympathetic nervous system directly affects cardiac function by the release of the neurotransmitter 
norepinephrine at the terminal sympathetic nerve ending. Cardiac norepinephrine depletion probably re- 
moves a potentially important compensatory mechanism for augmenting myocardial force development 
and velocity contraction in the failing heart. 


481 Peripheral Circulatory Control Mechanisms in Congestive Heart Failure 
ROBERT ZELIS, JOHN LONGHURST, ROBERT J. CAPONE and GARRETT LEE 


During congestive heart failure increased sympathetic tone and "vascular stiffness" of the peripheral 
arterioles may elevate peripheral resistance. The mechanisms of these changes are discussed. Thera- 
peutic reduction of sympathetic alpha adrenergic tone or restoration of normal arteriolar dilator capacity 
may cause exertional syncope. 


491 New Developments and Therapeutic Applications of Cardiac Stimulating Agents 
JOHN F. WILLIAMS, Jr. 


This review details some of the newer data concerning digitalis glycosides, catecholamines and glucagon. 
The main differences in cardiac effects among the glycosides are attributable to differences in rates of 
absorption, metabolism and excretion. Digoxin is absorbed primarily in the proximal small intestine; digi- 
toxin is absorbed equally well from the proximal and distal small bowel. The major use of the catechol- 
amines is in treating conditions produced or associated with acute pump failure. The clinical role of 
glucagon as a cardiac stimulating agent is limited. It is relatively ineffective in patients with chronic con- 
gestive heart failure. 


SYMPOSIUM ON HIGH BLOOD PRESSURE: MECHANISMS AND MANAGEMENT 


497 Introduction 
JOHN H. LARAGH 


499 Correlation of Pathophysiology and Pharmacotherapy in Primary Hypertension 
JAN KOCH-WESER 


Appropriate antihypertensive agents can specifically counteract most of the pressor mechanisms, such as 
peripheral vascular resistance, cardiac output, intravascular volume and the functional state of renin- 
angiotensin-aldosterone and sympathetic nervous system responsible for hyperpiesia. Recommendations 
for the treatment of primary hypertension based on pathophysiology and pharmacology are presented in a 
practical manner. The importance and problems of treating systolic hypertension are emphasized. 
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increase suddenly as the atrial rate is slowed; adequate digitaliza- 
tionreduces butdoes notabolish this danger. Ventricular tachysys- 
tole is particularly hazardcus. 

The dislodgement of mural thrombi producing an embolic epi- 
sode may occur in correcting atrial fibrillation due to the forceful 
contractions of the atrium. 

Extreme caution is required in attempting to adjust the heart 
rate when ventricular tachycardia has occurred during an occlu- 
sive coronary episode or where the use of procainamide may 
result in additional depression of conduction and ventricular asys- 
tole or fibrillation as in A-V block, bundle branch block, or severe 
digitalis intoxication. 

Parenteral administration should be monitored electrocardio- 
graphically whenever practicable. Parenteral administration 
should be discontinued at once if electrocardiograms give evi- 
denceof impending heart block. This complication should be kept 
in mind whentreating ventricular arrhythmias (especially parenter- 
ally) in patients with severe organic heart disease and ventricular 
tachycardia who may also have complete heart block. Since asys- 
tole may result if the-ventricular rate is significantly slowed without 
attainment of regular atrioventricular conduction, procainamide 
should be stopped and the patient re-evaluated. 

Inthepresenceof both liver and kidney damage, normal dosage 
may produce symptoms cf overdosage — principally ventricular 
tachycardia and severe hypotension. 

A syndrome resembling lupus erythematosus has been re- 
ported with maintenance procainamide therapy. Common symp- 
toms are polyarthralgie, arthritis and pleuritic pain. Fever, myalgia, 
skin lesions, pleural effusion and pericarditis may also occur. Rare 
cases of thrombocytopenia or Coombs-positive hemolytic ane- 
mia, possibly related to this syndrome, have been reported. Mea- 
sure anti-nuclear antibody titers at regular intervals in patients on 
procainamide for extended periods of time cr in whom symptoms 
suggestiveoflupus-like reaction appear; discontinue drug in event 
of rising titer or clinical symptoms of LE. Steroid therapy may be 
effective if discontinuation of procainamide does not cause remis- 
Sion of symptoms. If the syndrome develops in a patient with re- 
current life-threatening arrhythmias not otherwise controllable, 
steroid-suppressive therapy may be used concomitantly with 
procainamide. 
Adverse : Because procainamide is a peripheral vaso- 
dilator, it may producea hypotensive response, sometimes precip- 
itous when given intravenously. Blood pressure should be mea- 
sured almost continuously during the infusion which should 5e 
temporarily discontinued if the fall exceeds 15 mm. Hg. The hypo- 
tensive responseislesstikely to occur from intramuscular injection 
and is rare following oral administration. Serious disturbances of 
cardiac rhythm such as ventricular asystole or fibrillation are also 
more common with I.V. administration. 

Large oral doses may sometimes produce anorexia, nausea, 
urticaria, and/or pruritus. 

Reactions consisting of fever and chills; soreness of mouth, 
throat, or gums; and symptoms of upper respiratory tract infection 
have been reported. Agranulocytosis has been occasionally re- 
ported following prolonged use of the drug, and deaths have oc- 
curred. Therefore, routine blood counts are advisable during 
maintenance therapy. If any of the above symptoms should occur 
and leukocyte counts indicate cellular depression, procainamide 
therapyshould be discontinued and appropriate treatment should 
beinstitutedimmediately. Diarrhea, weakness, mental depression, 
giddiness, psychosis with hallucinations, hypersensitivity reac- 
tions such as angioneurotic edema and maculopapular rash, and 
bitter taste have been ri : 

The package insert should be read carefully to become familiar 
with the recommended oral and parenteral dosage for the indi- 
cated conditions. 

How Supplied: Pronesty| Capsules (Procainamide Hydrochlo- 
ride Capsules U.S.P.) providing 250 mg. and 500 mg. are available 
in bottles of 100 and 1000 and Unimatic* Single Dose packaging 
in cartons of 100. Capsules providing 375 mg. are available in bot- 
tles of 100. Pronestyl Injection (Procainamide Hydrochloride In- 
jection U.S.P.) providing a 10% sterile aqueous solution (100 ma./ 
CC.) with 0.9% (w/v) benzy! alcohol is available in 10 cc. vials. 

©1973 E. R. SQUIBB & SONS, INC. 443-016.. 


At the first sign of trouble 





Pronestyl 
(Procainamide Hydrochloride) 


for premature 
ventricular contractions 


SQUIBB 


‘The Priceless Ingredient ery product 
is the honor and in ie ity of i is aie "UM See opposite page for brief summary. 


write it 
precision quality control... 
«assured tablet content uniformity" 


predictable patient response... 
eproven biologic availability" 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 

has developed. 

Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 

the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 596 dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI — 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 596 dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN? digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5 mg. (green) scored, in bottles of 100 and 1,000. 


a 
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*Complete literature available on request from Professional Services Dept. PML. Wellcome / North Carolina 27709 
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511 Antihypertensive Action of Propranolol. Specific Antirenin Responses in High and Normal Renin 
Forms of Essential, Renal, Renovascular and Malignant Hypertension 


FRITZ R. BUHLER, JOHN H. LARAGH, E. DARRACOTT VAUGHAN, Jr., HANS R. BRUNNER, 
HARALAMBOS GAVRAS and LESLIE BAER 


The antihypertensive effectiveness of orally administered propranolol in this study of 96 patients with dif- 
ferent types of hypertension is related to the control level of renin secretion and the degree to which it 
reduces renin secretion. Among 74 patients with essential hypertension, 74 percent of patients with high 
renin activity exhibited striking blood pressure reductions and 66 percent of patients with normal renin 
activity achieved diastolic pressures of 95 mm Hg or less. Use of propranolol was uniformly ineffective in 
17 patients with low renin activity. This drug may be tried empirically when prior renin "profiling" is un- 
available. For the patient with a partial or no antihypertensive response, diuretic agents may be tried alone 
and then, only if necessary, propranolol combined with a diuretic or a vasodilator drug. 


523 Volume Factor in Low and Normal Renin Essential Hypertension. Treatment with Either 
Spironolactone or Chlorthalidone 


E. DARRACOTT VAUGHAN, Jr., JOHN H. LARAGH, IRENE GAVRAS, FRITZ R. BÜHLER, HARALAMBOS 
GAVRAS, HANS R. BRUNNER and LESLIE BAER 


The blood pressure response to spironolactone or chlorthalidone in 71 patients with essential hypertension 
and either low or normal plasma renin activity suggests that volume depletion is a common mechanism of 
action and that diuretic therapy with either spironolactone or a sulfonamide is primarily indicated in low 
renin essential hypertension. In patients with normal renin activity diuretic therapy could be reserved for 
patients with an inadequate response to beta adrenergic blockade. 


533 Standards for Quality Care of Hypertensive Patients in Office and Hospital Practice 


CARLOS R. AYERS, ARTHUR R. SLAUGHTER, HARVEY D. SMALLWOOD, FRANK E. TAYLOR and 
RICHARD E. WEITZMAN for the Committee on Hypertension 


These standards for medical care of hypertensive patients, based on epidemiologic study, provide excellent 
guidelines to improve the diagnosis, treatment and prognosis of patients with hypertension. They will prob- 
ably help set national standards for evaluating such care. 


546 Evaluation of Performance of Selected Devices for Measuring Blood Pressure 
DARWIN R. LABARTHE, C. MORTON HAWKINS and RICHARD D. REMINGTON 


The state of the art of automated blood pressure recording as reflected in the data obtained from the 
available instruments is poor and more costly than use of a standard mercury sphygmomanometer. None 
of the tested automated devices performed adequately enough to recommend their substitution for the 
standard mercury sphygmomanometer. 


554 Plasma Aldosterone-Renin Interrelationships in Various Forms of Essential Hypertension. Studies 
Using a Rapid Assay of Plasma Aldosterone. 


FRITZ R. BÜHLER, JOHN H. LARAGH, JEAN E. SEALEY and HANS R. BRUNNER 


Derangements in the renin-aldosterone-sodium system can be used to identify different subgroups of 
patients with essential hypertension. This study, employing a new method to measure plasma aldosterone, 
demonstrates that the noon plasma aldosterone measurements closely parallel the daily urinary excretion 
rates of aldosterone and that the ratio of noon plasma aldosterone to noon plasma renin can be used inter- 
changeably with urinary aldosterone measurements to identify endocrine patterns in patients with essential 
hypertension. 
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AN OPEN LETTER TO OUR READERS 


We are happy to provide you with this special double 
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Your experience has 
shown you the benefits 
of Lasix (furosemide) 
in initial therapy of 
cardiac edema. 


Now... 








wide range of effectiveness allows you to treat most 
degrees of cardiac edema. 


dry weight can be reliably and safely maintained by adjusting 
the dose to fit your patient's needs. With doses exceeding 80 
mg /day and given for prolonged periods, careful clinical and 
laboratory observations are particularly advisable. 


patient inconvenience is minimal since diuresis is Usually 
complete within six to eight hours. 





(See Lasix [furosemide] prescribing information on last page o 


LASIX 





(FUROSEMIDE 


TABLETS 40mg 


in long-term therapy 





WARNING -Lasix9 (furosemide) is a potent diuretic which if given in ex- 
cessive amounts can lead to a profound diuresis with water and electro- 
lyte depletion. Therefore, careful medical supervision is required, and 
dose and dose schedule have to be adjusted to the individual patient’s 
needs. (See under "DOSAGE AND ADMINISTRATION.”) 
DESCRIPTION—Lasix is a diuretic, chemically distinct from the organo- 
Med aa thiazides and other heterocyclic compounds. It is character- 
iz y: 

a high degree of efficacy; 

a rapid onset of action; 

a comparatively short duration of action; 

aratio of minimum to maximum effective dose higher than 1:10; 

the fact that it acts not only at the proximal and distal tubules but also 

at the ascending limb of Henle's loop. 

Lasix is an anthranilic acid derivative. Chemically, it is 4-chloro-N-furfuryl- 
5-sulfamoylanthranilic acid. 


INDICATIONS—Lasix is indicated for the treatment of the edema asso- 
ciated with congestive heart failure, cirrhosis of the liver, and renal dis- 
ease, including the nephrotic syndrome. Lasix is particularly useful when 
an agent with greater diuretic potential than that of those commonly em- 
ployed is desired. 

Hypertension—Lasix Tablets may be used for the treatment of hyper- 
tension alone or in combination with other antihypertensive drugs. Hyper- 
tensive patients who cannot be adequately controlled with thiazides will 
probably also not be adequately controllable with Lasix alone. 


CONTRAINDICATIONS— Because animal reproductive studies have shown 
that Lasix (furosemide) may cause fetal abnormalities, the drug is contra- 
indicated in women of child-bearing potential. . 
Lasix is contraindicated in anuria. If increasing azotemia and oliguria 
occur during treatment of severe progressive renal disease, the drug 
should be discontinued. In hepatic coma and in states of electrolyte de- 
pletion, therapy should not be instituted until the basic condition is im- 
paves or corrected. Lasix is contraindicated in patients with a history of 
yoersensitivity to this compound. | 
Until more experience is accumulated in the pediatric use of Lasix, 
children should not be treated with the drug. 


WARNINGS—Excessive diuresis may result in dehydration and reduction 
in blood volume, with circulatory collapse and with the possibility of vas- 
cular thrombosis and embolism, particularly in elderly patients. Excessive 
loss of potassium in patients receiving digitalis glycosides may precipitate 
digitalis toxicity. Care should also be exercised in patients receiving potas- 
sium depleting steroids. 

Frequent serum electrolyte, CO; and BUN determinations should be 
performed during the first few months of therapy and periodically there- 
after, and abnormalities corrected or the drug temporarily withdrawn. 


In patients with hepatic cirrhosis and ascites, initiation of therapy with 
Lasix (furosemide) is best carried out in the hospital. Sudden alterations 
of fluid and electrolyte balance in patients with cirrhosis may precipitate 
hepatic coma; therefore, strict observation is necessary during the period 
of diuresis. Supplemental potassium chloride and, if required, an aldo- 
one antagonist are helpful in preventing hypokalemia and metabolic 
alkalosis. 

As with many other drugs, patients should be observed regularly for the 
possible occurrence of blood dyscrasias, liver damage, or other idiosyn- 
cratic reactions. 

In those instances where potassium supplementation is required, coated 
potassium tablets should be used only when adequate dietary supplemen- 
tation is not practical. 

There have been several reports, published and unpublished, concern- 
ing nonspecific small-bowel lesions consisting of stenosis, with or without 
ulceration, associated with the administration of enteric-coated thiazides 
with potassium salts. These lesions may occur with enteric-coated potas- 
sium tablets alone or when they are used with nonenteric-coated thiazides, 
or certain other oral diuretics. 

These small-bowel lesions have caused obstruction, hemorrhage, and 
perforation. Surgery was frequently required, and deaths have occurred. 

Available information tends to implicate enteric-coated potassium salts, 
although lesions of this type also occur spontaneously. Therefore, coated 
potassium-containing formulations should be administered only when in- 
dicated, and should be discontinued immediately if abdominal pain, dis- 
tention, nausea, vomiting, or gastrointestinal bleeding occurs. 

Patients with known sulfonamide sensitivity may show allergic reac- 
tions to Lasix. 


PRECAUTIONS-—As with any potent diuretic, electrolyte depletion may oc- 
cur during therapy with Lasix, especially in patients receiving higher 
doses and a restricted salt intake. Electrolyte depletion may manifest itself 
by weakness, dizziness, lethargy, leg cramps, anorexia, vomiting, and/or 
mental confusion. 

In edematous hypertensive patients being treated with antihypertensive 
agents, care should be taken to reduce the dose of these drugs when Lasix 
is administered, since Lasix potentiates the hypotensive effect of anti- 
hypertensive medications. 

Asymptomatic hyperuricemia can occur and gout may rarely be precipi- 
tated. Reversible elevations of BUN may be seen. These have been ob- 
Served in association with dehydration, which should be avoided, par- 
ticularly in patients with renal insufficiency. 

When parenteral use of Lasix precedes its oral use, it should be kept in 
mind that cases of reversible deafness and tinnitus following the injection 


of Lasix (furosemide) have been reported.These adverse reactions occurred 


when Lasix was injected at doses exceeding several times the usual 
therapeutic dose of 1 to 2 ampuls (20 to 40 mg). 

Periodic checks on urine and blood glucose should be made in diabetics 
and even those suspected of latent diabetes when receiving Lasix. In- 
creases in blood glucose, and alterations in glucose tolerance tests with 
abnormalities of the fasting and two-hour post-prandial sugar have been 
euer and rare cases of precipitation of diabetes mellitus have been 
reported. 

Lasix may lower serum calcium levels, and rare cases of tetany have 
Erg i eee Accordingly, periodic serum calcium levels should be 
obtáined. 

Patients receiving high doses of salicylates, as in rheumatic diseases, 
in conjunction with Lasix may experience salicylate toxicity at lower 
doses because of competitive renal excretory sites. It has been reported in 
the literature that diuretics such as furosemide may enhance the nephro- 
toxicity of cephaloridine. Therefore, Lasix and cephaloridine should not be 
administered simultaneously. 

Sulfonamide diuretics have been reported to decrease arterial respon- 

Siveness to pressor amines and to enhance the effect of tubocurarine. 
Great caution should be exercised in administering curare or its deriva- 
tives to patients undergoing therapy with Lasix, and it is advisable to dis- 
continue Lasix for one week prior to any elective surgery. 
ADVERSE REACTIONS— Various forms of dermatitis, including urticaria 
and rare cases of exfoliative dermatitis, erythema multiforme, pruritus, 
paresthesia, blurring of vision, postural hypotensicn, nausea, vomiting, or 
diarrhea, may occur. 

Anemia, leukopenia, aplastic anemia, and thrombocytopenia (with pur- 
pura) may occur. Rare cases of agranulocytosis have occurred which re- 
sponded to treatment. 

In addition, the following rare adverse reactions have been reported; 
however, relationship to the drug has not been established with certainty: 
sweet taste, oral and gastric burning, paradoxical swelling, headache, 
jaundice, thrombophlebitis and emboli (see WARNINGS"), and acute 
Pancreatitis. 

Lasix induced diuresis may be accompanied by weakness, fatigue, light- 
headedness or dizziness, muscle cramps, thirst, increased perspiration, 
urinary bladder spasm and symptoms of urinary frequency. 

As far as hyperglycemia is concerned, see “PRECAUTIONS.” 


DOSAGE AND ADMINISTRATION—The usual dose of Lasix is 1 to 2 tablets 
(40 to 80 mg) given as a single dose, preferably in the morning. Ordinarily, 
@ prompt diuresis ensues. Depending on the patient’s response, a second 
dose can be administered 6 to 8 hours later. This dosage and dosage 
schecule can then be maintained or even reduced. 

If the diuretic response with a single dose of 1 to 2 tablets (40 to 80 mg) 
is not satisfactory, e.g., in a patient with congestive heart failure refracto 
to maximal doses of thiazides, the followi Schedule should be used: 
Increase this dose by increments of 1 tablet (40 mg) not sooner than 6 to 
B hours after the previous dose until the desired diuretic effect has been 
obtained. This individually determined single dose should then be gyon 
once or twice daily (e.g., at 8:00 a.m. and 2:00 p.m.). The dose of Lasix 
may be carefully titrated up to 600 mg per day in those patients with 
severe clinical edematous states. Higher doses are currently under 
investigation. 

The mobilization of edema may be most efficiently and safely accom- 
plished by utilizing an intermittent dosage schedule in which thé diuretic 
is given for 2 to 4 consecutive days each week. With doses exceeding 80 
mg/day and given for prolonged periods, careful clinical and laboratory 
observations are particularly advisable. 

Hypertension—The usual dose of Lasix is one tablet (40 mg) twice daily 
both for initiation of therapy and for maintenance. Careful observations 
for changes in blood pressure must be made when this compound is used 
with other antihypertensive drugs, especially during initial therapy. The 
dosage of other agents must be reduced by at least 50 percent as soon as 
Lasix is added to the regimen to prevent excessive drop in blood pressure. 
As the blood pressure falls under the potentiating effect of Lasix, a further 
reduction in dosage, or even discontinuation, of other antihypertensive 
drugs may be necessary. It is further recommended, if one tablet (40 mg) 
twice daily does not lead to a clinically satisfactory response, to add other 
hypotensive agents, e.g., reserpine, rather than to increase the dose of Lasix. 

Unti! more experience is accumulated in the pediatric use of Lasix 
(furosemide), children should not be treated with the drug. 


HOW SUPPLIED Lasix (furosemide) Tablets are supplied as white, mono- 
grammed, scored tablets of 40 mg in amber bottles of 100 (FSN 6505-062- 
3335), 500, and Unit Dose 100's (20 strips of 5) (FSN 6505-117-5982). 
Note: Dispense in dark containers. Exposure to light may cause slight dis- 
coloration which, however, does not alter potency. PRINTED IN U. S. A. 3-73 


Start with-, . 
and stay with Lasix’ rurosemipe) 


HOECHST 


PHARMACEUTICALS, INC. 
SOMERVILLE, N.J. 08876 
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562  Renovascular Hypertension. Mechanisms, Natural History and Treatment 
JAMES C. HUNT and CAMERON G. STRONG 


This prospective study of 214 hypertensive patients with atheromatous or fibromuscular renal artery 
stenosis followed up 7 to 14 years demonstrates that appropriate surgical management can ameliorate or 
provide long-term relief of hypertension in carefully selected patients and reduce the mortality rate in 
severe cases. Of 100 patients unresponsive to medical management and subjected to surgical manage- 
ment, 84 have survived and 51 are normotensive without medication. 


575 Management of Severe Hypertension 
PRISCILLA KINCAID-SMITH 


The combination of a beta adrenergic blocking agent, a peripheral vasodilator and a drug of the benzo- 
thiadiazine group satisfactorily controlled severe hypertension in 321 hypertensive subjects studied over 
the past 15 years. The mechanisms underlying severe hypertension as well as the mode of action of 
these and other antihypertensive agents are analyzed in the light of new scientific observations. 


582 Toxemia of Pregnancy. Mechanism and Therapeutic Management 
LEON SPEROFF 


Although the etiology of toxemia of pregnancy remains unknown, this condition develops when the 
ischemic uteroplacental unit liberates a biologically active substance into the maternal circulation. This 
paper presents the pathophysiology of toxemia and guidelines for the therapeutic management of patients 
with various degrees of toxemia. 


592 Diabetes and Hypertensive Vascular Disease. Mechanisms and Treatment 
A. RICHARD CHRISTLIEB 


Hypertension occurs more frequently in diabetic patients. Malignant hypertension is rare in long-term 
diabetes, possibly due to suppression of the renin-angiotensin system. Diabetic hypertension may be a 
form of hyporeninemic hypertension. The mechanisms of the various forms of hypertension in diabetes 
and the clinical management of diabetic patients with hypertension are extensively reviewed. 
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AVOID POTASSIUM DEFICIENCY WITH... 


KLYTE o KLYTE GL 


potassium supplement potassium supplement with chloride 


Manifestations of potassium deficiency may range through a variety of signs 
and symptoms including muscular weakness and fatigue...cardiac alterations 
discernible by characteristic ECG tracings...impaired mental function and diminished 
reflexes...impaired respiration...anorexia and abdominal distention. 


The etiology of hypokalemia is also broad, encompassing a number of clinical 
conditions. But most important of all may be a course of treatment that causes 
excessive loss of body potassium—such as thiazide diuretics and corticosteroids. 


No matter what the etiology, the solution is usually potassium 
supplementation. 

What better way to supplement than with K-LvTE or K-LvTE/CL. Efferves- 
cent K-LYTE tablets supply the usually recommended dose of 50 mEq. potassium daily 
in just two tablets. When chloride is also desirable, K-LYTE/CL provides it in the pre- 
ferred 1:1 ratio to potassium. Both forms are accurate and reliable sources of electro- 
lyte replacement. Administration in “pre-dissolved” form reduces the potential for 
G.I. irritation. Finally, you have a choice of three delicious flavors—a taste of oranges, 
tangy lime or fruit punch—all good enough to drive a patient to drink. 


. Each effervescent tablet in ® Each dose of powder in 
= L t /" solution supplies 25 mEq. potas- B te solution supplies 25 mEq. 
sium as bicarbonate and citrate potassium chloride 


Each tablet or dose must be completely dissolved before taking. 

Indications: K-Lyte and K-Lyte/Cl are oral potassium supplements for therapy or prophylaxis of potassium deficiency. 
Particularly useful when thiazide diuretics or corticosteroids cause excessive excretory potassium losses. Contraindica- 
tions: Impaired renal function with oliguria or azotemia; Addison's disease; hyperkalemia from any cause. Warnings 
and Precautions: Since the amount of potassium deficiency may be difficult to determine accurately, supplements should 
be administered with caution, and dosages adjusted to the requirements of the individual patient. Potassium intoxication 
rarely occurs in patients with normal kidney function. Symptoms of potassium intoxication are variable. They include 
listlessness, mental confusion, and tingling of the extremities. Frequent checks of the clinical status of the patient, ECG, 
and serum potassium level are desirable. In established hypokalemia, attention should also be directed toward other 
potential electrolyte disturbances. Potassium supplements should be given cautiously to digitalized patients. To mini- 
mize the possibility of gastrointestinal irritation associated with the oral ingestion of concentrated potassium salt prepa- 
rations, patients should be carefully directed to dissolve each dose completely in the stated amount of water. K-Lyte/Cl 
contains approximately 20-25 Calories of sucrose per dose which should be considered for patients with restriction of 
caloric intake. Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of 
potassium salts. Dosage and Administration: Adults: 1 tablet or dose completely dissolved, 2 to 4 times daily, depending 
upon the requirements of the patient: K-Lyte: 1 tablet (25 mEq. potassium) in 3 to 4 ounces of cold or ice water; 
K-Lyte/Cl: 1 dose (25 mEq. potassium chloride) in 6 ounces of cold or ice water. 'The normal adult daily requirement 
is ‘Sppeoniiaetely 50 mEq. of elemental potassium. NOTE: It is suggested that these 

products be.taken with meals and sipped s owly over a 5-10 minute period. How Supplied: 

K-Lyte: Effervescent tablets—boxes of 30 and 250 (orange or lime flavors). K-Lyte/Cl: Mead IT 
Powder, cans of 30 measured doses with scoop (fruit-punch flavor). E; 

©1972 MEAD JOHNSON 8 COMPANY + EVANSVILLE, INDIANA 47721 U.S.A. 187972 LABORATORIES 
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Esidrix (hydrochlorothiazide) alone 
frequently lowers blood pressure satisfactorily. 
Its action is gradual, smooth. And it keeps 
on exerting its antihypertensive effect. 

We call this gradual, sustained action 
“antihypertenacity.” 

Antihypertenacity — it's what you 
want in the long-term management 
of mild hypertension. 

Esidrix is still unsurpassed as a 
basic diuretic/antihypertensive. And 
many patients with edema rarely need 
a more potent diuretic. 

Contraindications include 
anuria. Use with caution in 
patients with impaired 
renal or hepatic function. 

Consult complete 
literature before 
prescribing. im 
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Esidrix hasit 


(hydrochlorothiazide) 


Esidrix? (hydrochlorothiazide) 
Indications: Hypertension and edema. 
Contraindications: Anuria; hypersensitivity to 
this or other sulfonamide-derived drugs. The 
routine use of diuretics in an otherwise healthy 
pregnant woman with or without mild edema is 
contraindicated and possibly hazardous. 
Warnings: Use with caution in severe renal dis- 
ease. In patients with renal disease, thiazides 
may precipitate azotemia. Cumulative effects of 
the drug may develop in patients with impaired 
renal function. 
Thiazides should be used with caution in pa- 
tients with impaired hepatic function or pro- 
gressive liver disease, since minor alterations 
of fluid and electrolyte imbalance may precipi- 
tate hepatic coma. 
Thiazides may be additive or potentiative of the 
action of other antihypertensive drugs. Potenti- 
ation occurs with ganglionic or peripheral 
adrenergic blocking drugs. 
Sensitivity reactions are more likely to 
occur in patients with a history of 
allergy or bronchial asthma. 
The possibility of exacerbation or 
activation of systemic lupus 
erythematosus has been reported. 
Usage in Pregnancy 
Usage of thiazides in women of 
childbearing age requires that 
the potential benefits of the 
drug be weighed against its 
possible hazards to the 
fetus. These hazards in- 
clude fetal or neonatal 
jaundice, thrombocyto- 
penia, and possibly other 
adverse reactions which 
have occurred in the 
adult. 
Nursing Mothers 
Thiazides cross the 
placental barrier and 
appear in cord blood 
and breast milk. 



































Precautions: Periodic determination of serum 
electrolytes to detect possible electrolyte im- 
balance should be performed at appropriate 
intervals. Observe patients for clinical signs of 
fluid or electrolyte imbalance (hyponatremia, 
hypochloremic alkalosis, and hypokalemia). 
Serum and urine electrolyte determinations are 
particularly important when the patient is vom- 
iting excessively or receiving parenteral fluids. 
Medication such as digitalis may also influence 
serum electrolytes. Warning signs are dryness 
of mouth, thirst, weakness, lethargy, drowsi- 
ness, restlessness, muscle pains or cramps, 
muscular fatigue, hypotension, oliguria, tachy- 
cardia, and gastrointestinal disturbance such 
as nausea or vomiting. 

Hypokalemia may develop with thiazides as 
with any other potent diuretic, especially dur- 
ing brisk diuresis, when severe cirrhosis is 
present, or during concomitant administration 
of steroids or ACTH. 

Interference with adequate oral intake of elec- 
trolytes will also contribute to hypokalemia. 
Digitalis therapy may exaggerate metabolic 
effects of hypokalemia especially with refer- 
ence to myocardial activity. 

Any chloride deficit is generally mild and 
usually does not require specific treatment 
except under extraordinary circumstances (as 
in liver disease or renal disease). Dilutional 
hyponatremia may occur in edematous patients 
in hot weather; appropriate therapy is water 
restriction rather than administration of salt, 
except in rare instances when the hyponatremia 
is life-threatening. In actual salt depletion, ap- 
propriate replacement is the therapy of choice. 
Transient elevations in plasma calcium may 
occur in patients receiving thiazides, particu- 
larly in those with hyperparathyroidism. 
Pathological changes in the parathyroid gland 
have been reported in a few patients on pro- 
longed thiazide therapy. 

Hyperuricemia may occur or frank gout may be 
precipitated in certain patients. Insulin require- 
ments in diabetic patients may be increased, 
decreased, or unchanged. Latent diabetes may 
become manifest during thiazide administra- 
tion. 

Thiazide drugs may increase the responsive- 
ness to tubocurarine. The antihypertensive ef- 
fects of the drug may be enhanced in the post- 
sympathectomy patient. Thiazides may decrease 
arterial responsiveness to norepinephrine. This 
is not sufficient to preclude effectiveness of 


the pressor agent for therapeutic use. 

If nitrogen retention indicates onset of progres- 
sive renal impairment, consider withholding or 
discontinuing diuretic therapy. 


Thiazides may decrease serum PBI levels with- 
out signs of thyroid disturbance. 

Adverse Reactions: Gastrointestinal — anorexia, 
gastric irritation, nausea, vomiting, cramping, 
diarrhea, constipation, jaundice (intrahepatic 
cholestatic), pancreatitis. Central Nervous 
System — dizziness, vertigo, paresthesias, head- 
ache, xanthopsia. Dermatologic-Hypersensitiv- 
ity — purpura, photosensitivity, rash, urticaria, 
necrotizing angiitis, Stevens-Johnson syndrome, 
and other hypersensitivity reactions. Hema- 
tologic — leukopenia, agranulocytosis, thrombo- 
cytopenia, aplastic anemia. Cardiovascular — 
orthostatic hypotension may occur and may be 
potentiated by alcohol, barbiturates, or nar- 
cotics. Other — hyperglycemia, glycosuria, 
hyperuricemia, muscle spasm, weakness, rest- 
lessness. Whenever adverse reactions are mod- 
erate or severe, reduce dosage or withdraw 
therapy. 

Dosage: Individualize dosage by titrating for 
maximum therapeutic response at the lowest 
possible dose. 

Hypertension: /nitia/ — Usual dose 75 mg daily. 
Maintenance — After a week dosage may be 
adjusted downward to as little as 25 mg or 
upward to as much as 100 mg daily. Combined 
therapy—When necessary, other antihyper- 
tensives may be added gradually and with 
caution because of the potentiating effect of 
this drug. Dosages of ganglionic blockers 
should be halved. 

Edema: /nitial — 25 to 200 mg daily for several 
days. Maintenance — 25 to 100 mg daily or 
intermittently. Refractory patients may require 
up to 200 mg daily. 

Supplied: Tablets, 50 mg (yellow, scored) and 
25 mg (pink, scored); bottles of 100, 1000, 
5000 and Accu-pak blister units of 100. 


Consult complete literature before prescribing. 
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Introduction 


The traditional description of clinical heart failure 
has been focused on the manifestations of congestion 
and the pathophysiology of excessive fluid accumula- 
tion that accompany cardiac dysfunction. However, 
in the past decade, improved understanding of the 
hemodynamic and mechanical mechanisms of cardi- 
ac contraction has provided a more precise defini- 
tion: Heart failure is the abnormal condition in 
which disturbed cardiac performance is primarily re- 
sponsible for the inability of the heart to pump blood 
at a rate commensurate with systemic metabolic re- 
quirements at rest and during normal activity. Heart 
failure is considered to be compensated when cardiac 
output is maintained at a normal level by reserve 
systems inherent in the ventricle, often with conges- 
tion and other symptoms attending the operation of 
these adaptive processes. Decompensated heart fail- 
ure evolves with chronic low cardiac output, despite 
maximal activity of cardiocirculatory protective 
mechanisms. 

Although a detailed elucidation of the fundamen- 
tal physiologic and molecular derangements causing 
myocardial failure is not completely available, and 
substantial controversy remains concerning certain 
of its aspects, recent intensive investigation has pro- 
duced a considerable body of new information that 
has permitted formulation of improved concepts of 
the underlying events occurring in heart failure. 
These advances have been stimulated by contribu- 
tions from workers in several disciplines, including 
the anatomist, biochemist, physiologist, pharmacolo- 
gist and clinical investigator, through the develop- 
ment of refined techniques and their application to 
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experimental biological systems and to patients. The 
discussions that follow are intended to provide a syn- 
thesized perspective of these important multidisci- 
plinary findings relating to improved understanding 
of the state of heart failure. 

Structural alterations in the hypertrophied and 
failing heart: Spotnitz and Sonnenblick begin this 
Symposium with an integrated analysis of alter- 
ations in myocardial ultrastructure and ventricular 
macroarchitecture in the hypertrophied and failing 
heart. The distinctly different morphologic patterns 
of concentric (pressure overload) and eccentric (vol- 
ume overload) ventricular hypertrophy in long-term 
adaptation to excessive hemodynamic burden are 
correlated with sarcomere and ventricular perfor- 
mance in these two situations. Concerning functional 
evaluation of the sarcomere, the fundamental con- 
tractile unit, these authors direct attention to the 
significance of concomitant changes in ventricular 
pressure, volume, mass and thickness, radius of cur- 
vature, wall stress and shortening vectors, dispersion 
of sarcomere lengths, fiber orientation, interfiber 
slippage and connective tissue skeleton. Although a 
specific qualitative change in microanatomy is not 
responsible for heart failure, the quantitative struc- 
tural alterations accompanying hypertrophy are of 
functional importance. 

Abnormal biochemistry in myocardial failure: 
One of the most exciting developments in recent 
years has been the illumination of biochemical pro- 
cesses and subcellular contraction mechanisms in the 
normal and diseased myocardium. Thus, Schwartz 
and co-workers provide a comprehensive discussion 
of modern knowledge and concepts of cardiac muscle 
metabolism, excitation-contraction coupling and the 
contractile process itself. The contractile apparatus 
of the sarcomere consists of four protein aggregates: 
the primary interacting actin and myosin molecular 
chains and the modulator proteins troponin and tro- 
pomyosin which inhibit the reaction of actomyosin. 
Linkage of electrical excitation to mechanical con- 
traction is achieved by delivery of calcium to tropon- 
in from the sarcoplasmic reticulium and sarcolem- 
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ma. The combination of calcium with troponin acti- 
vates the contractile process by releasing troponin- 
tropomyosin inhibition of actin-myosin binding. 
Contraction occurs by myosin adenosine triphospha- 
tase-regulated cyclic interactions between the actin- 
myosin linkages with the development of force and 
shortening. Adenosine triphosphate energy for opera- 
tion of the contractile machinery is produced in sur- 
rounding mitochondria by oxidative phosphorylation 
of circulating free fatty acids and glucose. Present 
information suggests that disturbance in mitochon- 
drial energy production may contribute to myocar- 
dial depression in advanced heart failure secondary 
to long-standing mechanical stress. The current 
‘speculation concerning causation is that impaired 
contractile state in chronic hemodynamic overload is 
perhaps related to depressed activities of sarcoplasmic 
reticulum calcium adenosine triphosphatase (relax- 
ing factor) and myosin adenosine triphosphatase. 

RNA polymerase and adenyl cyclase in cardiac 
hypertrophy: Protein synthesis in the myocardium 
provides a continuously operative system for renewal 
of fiber structure and enzymatic machinery, and a 
rapidly responsive compensatory mechanism for ven- 
tricular hypertrophy induced by excessive cardiac 
mechanical stress. Three stages comprise the process 
of protein synthesis: (1) replication in the nucleus 
(synthesis of deoxyribonucleic acid [DNA]), (2) tran- 
scription in the nucleus (synthesis of ribonucleic acid 
[RNA]), and (3) translation in the sarcoplasm (spe- 
cific protein formation on ribosomal aggregates, 
termed polysomes). Nair and co-workers next discuss 
the pathways of ventricular protein synthesis in 
hemodynamic overload and in an animal model of 
cardiomyopathy, the Syrian golden hamster. Large 
increases in RNA polymerase activity and ribosomes 
occur during cardiac hypertrophy. Interestingly, 
myocardial norepinephrine synthesis and adenyl cy- 
clase activity are increased in the hamster with car- 
diomyopathy, and a possible connection between cy- 
clic adenosine monophosphate and RNA transcrip- 
tion is considered. 

Myocardial oxygen consumption in the hyper- 
trophied and failing myocardium: Myocardial oxy- 
gen consumption is principally determined by the in- 
tegration of three related hemodynamic variables: 
(1) intraventricular systolic tension (primarily gov- 
erned by systolic pressure and ventricular volume), 
(2) contractility, and (3) heart rate. In the next pre- 
sentation, Gunning and co-workers consider the 
energetics and mechanical efficiency of the hypertro- 
phied and failing myocardium in experimental ven- 
tricular pressure overload. In conjunction with di- 
minished contractility, these investigators document 
ari increased oxygen cost of developing tension in the 
hypertrophied and failing ventricle. Further, the 
mechanism of the paradoxical increase in myocardial 
oxygen utilization is suggested to be accentuated 
nonphosphorylating mitochondrial respiration. 

Regulation of cardiac performance in heart dis- 
ease: Disturbed cardiac performance in clinical 
heart disease is produced by three possible general 


types of pathophysiologic mechanisms: (1) disorder 
of contractility, (2) systolic mechanical ventricular 
overloading (volume or pressure), and (3) diastolic 
mechanical inhibition of ventricular loading. In the 
fifth paper in this Symposium, Mason describes the 
regulation of cardiac output in primary inotropic dis- 
eases and chronic hemodynamic overloads. The con- 
tributions and side effects of preload, hypertrophy 
and inotropic reserves are discussed. Prolonged 
hemodynamic stress leads to reduced contractile 
state and the concept is formulated that, in car- 
diomyopathies and systolic mechanical disorders, 
contractility is the fundamental physiologic variable 
in heart failure and the extent of its impairment de- 
termines the onset of decomposition. The compensa- 
tory mechanisms employed and the critical level of 
inotropic depression responsible for decompensation 
are dependent on the specific pathophysiologic con- 
dition. The clinical functional classification of con- 
gestive heart failure is based largely on symptoms 
due to operation of compensatory adaptation rather 
than to derangements of the primary factors of de- 
compensation: cardiac output (crucial hemodynamic 
variable) and contractility (the fundamental deter- 
minant). 

Alterations in myocardial compliance: The dia- 
stolic characteristics of cardiac muscle and the whole 
heart have received relatively less attention than 
their contractile properties, and knowledge of the 
important quality of resting compliance (reciprocal 
of stiffness) in heart disease has been incomplete. 
Covell and Ross consider the passive stress-strain 
relations of the myocardium and ventricle in normal 
and abnormal conditions. Acute pharmacologically 
induced changes in contractility do not influence 
compliance. On the other hand, the entire ventricu- 
lar diastolic pressure-volume curve is displaced to 
the right in chronic volume overload, so that preload 
compensation can operate with fewer symptoms of 
congestion. In contrast, acute myocardial infarction 
results in a leftward shift that tends to increase left 
ventricular end-diastolic pressure. Clinically, the 
concentrically hypertrophied ventricle appears to 
manifest diminished distensibility, but this observa- 
tion has been difficult to reproduce experimentally. 
In the assessment of the diastolic pressure-volume 
relation of the ventricle, the concept is introduced of 
its functional compliance throughout the filling peri- 
od. 

Effect of ischemia on myocardial contraction: 
This Symposium next turns to the problem of isch- 
emic heart failure. The underlying mechanism by 
which oxygen deprivation causes depression of con- 
tractile function is unclarified. However, new in- 
sights into this problem have been provided by basic 
investigations of the effects of hypoxia on the bio- 
chemistry and mechanisms of cardiac muscle con- 
traction. Katz considers the possible nature of the 
primary metabolic aberrations responsible for the 
rapid mechanical deterioration induced by ischemia. 
He emphasizes the probable importance of intracel- 
lular acidosis with hydrogen ion generation, resulting 
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from enhanced anaerobic glycolysis and accelerated 
lactate formation. He postulates that hydrogen ions 
compete for calcium-binding sites on troponin, 
thereby maintaining the heart in a state of relaxa- 
tion. Finally, with depletion of adenosine triphos- 
phate, contracture of the myocardium develops. 

Function of the hypoxic myocardium: In the next 
discussion, Amsterdam analyzes the detrimental 
effects of inadequate oxygen supply on the mechani- 
cal and hemodynamic performance of the heart. An 
imbalance between myocardial oxygen delivery and 
demand provokes regional ischemia which, in angina 
pectoris, leads to reversible ventricular depression; 
more intense and prolonged discrepancy results in 
myocardial infarction. A characteristic disorder of 
cardiac function in ischemic heart disease is abnormal 
segmental contraction (dyssynergy). The electro- 
cardiogram in clinical coronary disease provides an 
estimate of the presence, degree and nature of 
dyssynergy and the status of left ventricular function. 
The left anterior descending coronary artery is most 
responsible for maintaining pump integrity. Cardio- 
genic shock is principally related to the extent of 
myocardial infarction, with consequent reduction of 
cardiac output. In addition, a secondary contribution 
to hypotension may be an inadequate increase in 
systemic vascular resistance due to competitive 
reflex vasodilation, initiated by stretch and chemo- 
receptors within the left ventricular wall. 

Alterations in cardiac adrenergic  neuro- 
transmitter activity in heart failure: The sympa- 
thetic nervous system normally exerts a major regu- 
latory role in the augmentation of cardiovascular 
function in response to increased metabolic needs of 
the body, and it represents an immediately available 
compensatory mechanism in support of the failing 
heart. Although generalized sympathetic activity is 
increased in heart failure, norepinephrine is reduced 
paradoxically in the hypertrophied and failing myo- 
cardium because of its defective synthesis locally. 
Rutenberg and Spann review the mechanisms of al- 
terations in cardiac adrenergic neurotransmitter ac- 
tivity in congestive heart failure. The depression of 
myocardial norepinephrine appears to be the result 
of disturbed metabolic function of the neuron rather 
than actual loss of sympathetic tissue. Although this 
defect deprives the dysfunctioning ventricle of rapid 
inotropic and chronotropic adaptation, it is not cau- 
sally related to the intrinsic inotropic weakness of 
the failing myocardium. Adrenergic reserve is par- 
tially restored to the failing heart by increased circu- 
lating norepinephrine because of its greater synthesis 
in the peripheral vasculature and adrenal medulla in 
this condition. 

Peripheral circulatory control mechanisms in 
heart failure: In addition to operation of the cardiac 
compensatory mechanisms in heart failure, concomi- 
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tant adjustments take place in the peripheral vascu- 
lature that serve to support regional circulatory 
function. Thus, with a decrease in cardiac output, 
systemic vascular resistance increases to maintain 
normal perfusion pressure, and redistribution of 
blood flow occurs to sustain the oxygen needs of or- 
gans with increased metabolic requirements. In the 
tenth paper in the Symposium Zelis and co-workers 
deal with this important, but relatively unapprecia- 
ted subject of peripheral circulatory control mecha- 
nisms at rest and during exercise in congestive heart 
failure. In addition to increased sympathetic activi- 
ty, the increased systemic resistance characteristic of 
the state of heart failure is the result of vascular 
stiffness due to excess sodium and water in the arte- 
riolar wall and a rise in the level of tissue pressure 
observed in edema. In exercising skeletal muscle in 
heart failure, the reduced dilator capacity of the re- 
sistance vessels leads to increased oxygen extraction, 
diminished oxygen consumption regionally and prob- 
ably augmented anaerobic metabolism with lactic 
acidemia. Concerning the adrenergically influenced 
partitioning of regional blood flow in heart failure, it 
is postulated that the afferent reflex limb may origi- 
nate in active skeletal muscle and baroreceptor re- 
sponsiveness may be diminished. 

Cardiac stimulating agents in treatment of 
heart failure: In the final paper in this Symposium, 
Williams discusses advances in the medical treat- 
ment of congestive heart failure. Since the funda- 
mental physiologic defect in heart failure is de- 
pressed contractility, Williams focuses attention on 
the cardiac stimulating agents. The final common 
pathway for augmenting inotropic state appears to 
be enhanced delivery of calcium to troponin, one of 
the modulator proteins of the contractile apparatus. 
In general, two subcellular mechanisms appear 
to be potentially available for increasing calcium 
transport to the contractile proteins, thereby stimu- 
lating the process of excitation-contraction coupling. 
The first is increased transverse tubular influx of cal- 
cium by drug action on the sarcolemma (digitalis 
glycosides). The second mechanism involves phar- 
macologic alterations of the subcellular beta 
sympathomimetic system comprising the beta re- 
ceptor, adenyl cyclase, cyclic adenosine monophos- 
phate, phosphodiesterase and, apparently, protein 
kinase-mediated increased intracellular release of 
calcium from the sarcoplasmic reticulum (catechol- 
amines, glucagon, thyroid hormone, tolbutamide and 
aminophylline). The possible salutary effects of cer- 
tain combinations of these positive inotropic agents 
are considered. 
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Hypertrophy represents a chronic adaptation of the myocardium to 
diastolic (volume) or systolic (pressure) loads. Resultant “eccentric” 
and “concentric” hypertrophy is discussed relative to ventricular 
compliance. The need for defined pressure-volume curves with 
known ventricular mass and shape in human disease is stressed. 
Ultrastructural constraints to normal and abnormal function are 
noted in terms of the sarcomere, and the physiologic features of 
fiber orientation in the ventricular wall and their implications for nor- 
mal function are denoted. In the absence of significant qualitative 
changes in structure in ventricular hypertrophy, the quantitative im- 
plications of these changes are noted. As yet, little is known of the 
fiber orientation and connective tissue skeleton of the heart in either 
severe hypertrophy or severe myocardial failure with dilatation. 


The purpose of this discussion is not to review the normal structure 
of heart muscle, which has been noted in detail elsewhere,1+ but 
rather to note those characteristics of the structure of the heart that 
form the basis for normal function and in their extensions provide 
the substrate for the development of disease. Our major thesis is that 
the normal function of the heart can be explained by the rational 
synthesis of its component parts, especially the sarcomere,? and 
that much of dysfunction may reflect limits to the normal physiolog- 
ic function accompanied by superimposed compensation for abnor- 
mal loads. Discussion of myocardial failure involves consideration of 
not only the structure at the level of the electron microscope but also 
the macro-construction of fibers in the wall of the heart and their 
relative disposition to create the ventricular wall. Thus, an integrat- 
ed analysis at the gross and microscopic level becomes necessary for 
a more complete structural picture. In addition, it is recognized that 
many abnormalities in the overstressed heart may be only an accom- 
paniment to the primary process and in and of themselves may not 
signify a necessary change related to the failing myocardium. Thus, 
artifacts of secondary changes, postmortem alteration, or fixation re- 
quire constant consideration, and alterations that may be observed 
under abnormal conditions need evaluation as to their specific role in 
the process that is occurring. 


Eccentric and Concentric Hypertrophy 


When the ventricle is presented with abnormal volume and pres- 
sure loads, compensatory responses ensue that involve an increase in 
ventricular mass. However, this increase in total mass occurs in two 
distinct patterns, depending on the stress imposed. Thus, when dia- 
stolic volume is augmented (for example, by arteriovenous shunting 
or mitral insufficiency), intraventricular volume increases. Ventricu- 
lar wall thickness, however, tends to remain the same, whereas the 
total mass of the ventricle is increased. An increase in synthesis of 
muscle must ensue to maintain wall thickness when volume is aug- 
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FIGURE 1. The relation of left ventricular weight and volume is 
illustrated for five different wall thicknesses from 5 to 20 mm. 
Point A is arbitrarily designated normal. Point B represents the 
effects of dilatation at constant weight. Point C represents ec- 
centric hypertrophy: dilatation with maintenance of constant wall 
thickness. Point D represents concentric hypertrophy: increased 
wall thickness at normal volumes. Point E is decompensated 
concentric hypertrophy. Small changes in wall thickness are 
associated with large changes in ventricular weight. Data are 
derived from a thick-walled spherical model. 


mented. This condition is termed eccentric hypertro- 
phy’ (Fig. 1). In contrast, when an excess systolic 
pressure load is applied to the ventricle (as in aortic 
stenosis or systemic hypertension) the wall becomes 
thickened, whereas end-diastolic intraventricular 
volume tends to remain unchanged. This condition is 
termed concentric hypertrophy.* 

The effects of eccentric and concentric hypertro- 
phy on ventricular architecture are illustrated sche- 
matically in Figure 1, which is based on a thick- 
walled spherical model. For the example chosen, 
normal end-diastolic volume is 100 ml for a normal 
left ventricle weighing 150 g with a wall thickness of 
10 mm (point A). Doubling end-diastolic volume in 
the absence of hypertrophy produces a 25 percent 
decrease in wall thickness (point B). To maintain a 
constant wall thickness during a 100 percent increase 
in ventricular volume, as occurs in eccentric hyper- 
trophy, a 43 percent increase in ventricular weight is 
required (point C). In contrast, “concentric” hyper- 
trophy increases wall thickness with little change in 
end-diastolic volume. For the example shown (point 
D), a 50 percent increase in wall thickness is associ- 
ated with a 67 percent increase in ventricular mass. 
With late decompensation of ventricular perfor- 
mance, concentric hypertrophy is usually followed by 
dilatation (point E). Figure 1 illustrates the general 
principle that large changes in ventricular mass are 
required to produce measurable changes in wall 
thickness, especially in the presence of ventricular 
dilatation. Alternatively, rather small changes in 
ventricular wall thickness are associated with rela- 
tively large changes in ventricular mass. Obviously, 
data on ventricular weight alone will provide an in- 
complete picture of the pathologic process, but spe- 


cific knowledge of intraventricular volumes and fill- 
ing pressures as they existed in life are rarely avail- 
able along with the myocardial tissue. 


Ventricular Compliance 


Relative to these changes in structure, alterations 
in “compliance” of the ventricle are of interest. 
Physiologically, compliance of the intact ventricle is 
derived from the passive pressure-volume relation. 
The “compliance” in itself should express the rela- 
tion of a change in volume (dV) to a change in pres- 
sure (dP). An increase in compliance implies a de- 
creased ventricular diastolic pressure at any given 
volume. However, since the pressure-volume relation 
of the ventricle is curvilinear, dV/dP will decrease as 
the pressure at which it is measured is augmented. 
Furthermore, doubling wall thickness can double 
end-diastolic pressure without increasing the linear 
stresses (in grams per square centimeter of cross-sec- 
tional area) in the myocardium. Compliance of the 
intact ventricle must therefore be distinguished from 
the compliance of a square centimeter cross section 
of the myocardium. If decreased compliance in con- 
centric hypertrophy is normalized for an increase in 
wall thickness,9-?! alternative conditions can be dis- 
tinguished. In the first, dV/dP will be decreased at 
any given volume due to an increase in muscle mass 
by itself although the compliance or, conversely, the 
stiffness of each individual unit of muscle in the wall 
is normal. Alternatively, fibrosis and scarring in the 
wall can decrease compliance despite normalization. 
Precise definition of the term compliance is thus fun- 
damental to analysis of the problem. 

In eccentric hypertrophy, the problem of compli- 
ance is even more complex (Fig. 2). In general, the 
relation between pressure and volume is shifted to 
the right so that the volume is augmented for any 
given filling pressure, and compliance appears to be 
increased. Large acute increments in filling pressure 
may induce “stress relaxation” in the ventricular 
wall, characterized by a decrease in filling pressure 
although volume is maintained. This apparent in- 
crease in compliance is a reversible change. In chron- 
ic eccentric hypertrophy, accurate evaluation of 
compliance may be a complex problem. First, the 
filling pressure is zero at some finite initial volume, 
and this point may or may not be shifted to the right 
(Fig. 3). The curve may not be symmetrical or a con- 
tinuous function; that is, at an increased filling pres- 
sure the curve may be very steep (A,A’), whereas at 
small volumes, the curve may be very flat (B,B’). In 
this setting, the compliance will be neither decreased 
or increased, but merely altered (Fig. 3). This dilem- 
ma becomes more poignant when viewed in terms of 
recent studies claiming specific alterations in com- 
pliance of the abnormal ventricle. We believe that 
unless the entire pressure-volume curve can be de- 
fined and corrections made for wall thickness, specif- 
ic definitions of alterations in “compliance” must be 
considered tentative. 

Animal studies have indicated that compliance of 
the right or left ventricle may appear to be reduced 
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FIGURE 2 (left). Schematic representation of hypothetical ef- 
fects of pathologic changes on ventricular compliance, dV /dP. 
An increase in compliance generally shifts the curve to the 
right, but in the dilated ventricle compliance may be abnormally 
reduced and yet the curve is still shifted to the right as the re- 
sult of an abnormally large volume at zero pressure. In concen- 
tric hypertrophy the curve is shifted to the left, and compliance 
appears to be abnormally reduced. However, when the results 
are normalized for an increase in ventricular mass, intrinsic 
compliance of the myocardium may be normal in the absence 
of fibrosis. 

FIGURE 3 (right). Hypothetical illustration of abnormal compli- 
ance curve in which compliance appears abnormally small 
(A,A') or abnormally large (B,B’) depending on the area of 
measurement. This indicates the need for full documentation of 
compliance curves when possible. The figure illustrates as well 
that the absolute value of ventricular volume may actually be in- 
creased while dV /dP decreases. 


in acute or chronic dilatation of the opposite ventricle. 
This finding may be a result of displacement of the 
interventricular septum into the opposite ventri- 
cle.12:13 Similar effects have been postulated to occur 
in man as well.14.15 


Systolic and Diastolic Wall Stresses 


The physical laws relating ventricular compliance 
to the linear elastic properties of the myocardial fi- 
bers also determine contractile performance of the 
intact ventricle. Thus, the relation of pressure, vol- 
ume and wall thickness to forces on the individual 
fiber in the wall is the same in both systole and dias- 
tole. However, the site and mechanism of systolic 
and diastolic force generation at the level of the 
myocardial fiber are quite different.16-18 

In general, an increase in the number of myofila- 
ments bearing a given pressure will decrease the load 
in any given filament. Conversely, an increase in the 
number of isotonic filaments will increase ventricular 
pressure. A second principle of importance in inter- 
preting pathologic changes is the negative effect of 
dilatation on the mechanical advantage of the myo- 
cardial fibers. Thus, increasing volume will decrease 
ventricular pressure if wall forces remain constant. 
Similarly, in the dilated ventricle, increased wall 
forces are required to maintain normal ventricular 
pressure. As a convenience for simple calculations, 
the expression S = PRi/h, derived from Laplace's law 
for membranous spheres, has been used.!6 Wall 
force is expressed as a stress, in grams per square 
centimeter, and related to ventricular pressure (P), 
endocardial radius (Ri) and wall thickness (h). Mul- 
' tiplication by a geometric correction factor for thick 


walls (Ri/Rm) gives S = PRi?/(Ro? — Ri2) in which 
Ro = epicardial radius and Rm = midwall radius. 
This formula has also been widely utilized and em- 
bodies the same basic concepts.18 

It is accordingly clear that concentric hypertrophy 
can compensate for the pressure-overloaded ventricle 
by distributing the pressure load over a larger num- 
ber of contractile elements arranged in parallel. Fur- 
thermore, the effect of hypertrophy is to normalize 
both systolic and diastolic wall stresses, despite an 
increase in corresponding  pressures.19.11.19 The 
mechanisms that allow eccentric hypertrophy or di- 
latation to provide an increase in ventricular reserve 
are less clear, since dilatation does not by itself im- 
prove the mechanical advantage provided by the La- 
place law. Nevertheless, since normal stroke volume 
becomes an ever diminishing fraction of end-diastolic 
volume in the dilating ventricle, geometric consider- 
ations provide that lesser shortening in the wall is 
necessary to produce a given stroke volume from a 
larger end-diastolic volume. Alternatively, the same 
extent of shortening per segment of ventricular wall 
will produce a larger stroke volume when end-dia- 
stolic volume is augmented. Thus, the increased con- 
tractile force requirements in eccentric hypertrophy 
are partially offset by a decreased requirement for 
shortening and an increase in the number of contrac- 
tile elements. 

Furthermore, augmentation of end-diastolic vol- 
ume in valvular regurgitation is generally associ- 
ated with reduced impedance to ventricular ejection. 
Ventricular emptying thus tends to be enhanced, 
and the decrease in ventricular volume reduces ven- 
tricular wall forces.2° Conversely, secondary late fail- 
ure of contractile function will dissipate this me- 
chanical advantage and may superimpose pressure 
and volume loads so that concentric hypertrophy 
may be superimposed on eccentric hypertrophy. 

The Laplace relation further indicates that for 
ventricles of different absolute size, and within dif- 
ferent regions of the same ventricle, a given intra- 
ventricular pressure will be associated with a con- 
stant level of wall stress, so long as the Ri/h value 
remains constant.!! Thus, the left ventricular wall is 
thinnest at the apex, where radius of curvature is 
smallest. Similarly, dilatation and hypertrophy tend 
to occur concomitantly.!! Moreover, the rat and dog 
have very similar passive pressure-volume curves (left 
ventricular volume/weight — 0.55 and 0.46 cc/g, re- 
spectively, at 12 mm Hg)'-?! despite a 100-fold dif- 
ference in ventricular weight (1 vs. 100 g). The funda- 
mental common factor is the maintenance of the same 
relative proportions of radius and wall thickness. 
Similarly, systolic wall stresses are the same in both 
hearts at matched pressures and matched relative 
volumes. The possible functional significance of a loss 
of these “normal” proportionality ratios under patho- 
logic conditions remains to be demonstrated. 


Sarcomere Lengths 


In both skeletal and heart muscle, the sarcomere is 
the fundamental unit of contraction.» Force of con- 
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traction for a given degree of activation depends on 
the relative disposition of two sets of contractile fila- 
ments with optimal sarcomere length occurring at 
2.2 y. Previous studies in the dog have shown that 
normal diastolic sarcomere lengths range from an av- 
erage of 2.05 to 2.15 u and that, during systole, the 
changes in length of the sarcomeres can explain the 
stroke volume and ejection fraction of the normal 
heart.3-7 In addition, alterations in end-diastolic vol- 
ume induce changes in average sarcomere length, 
and thus changes in stroke volume, helping to ex- 
plain the Frank-Starling relation. 

It should be recognized that average sarcomere 
length is a statistical reality. For any given diastolic 
tension in isolated segments of heart muscle, or for 
any given distending pressure in the intact heart, 
there is a dispersion of sarcomere lengths.1-3-22 
Changes in the width and distribution pattern of 
sarcomere dispersion may occur at average sarco- 
mere lengths greater than 2.3 u. Heart muscle be- 
comes very stiff beyond this point. Alterations in the 
pattern of distribution of sarcomere lengths may alter 
ventricular performance without changing average 
sarcomere length. Further attention to this point is 
indicated. It should be remembered that the normal 
diastolic sarcomere length in the heart encompasses 
a relatively narrow range. Even at zero filling pres- 
sure, sarcomere length averages 1.95 w.1 At sarco- 
mere lengths of less than 1.95 u, a double overlap of 
thin filaments occurs during contraction and elastic 
recoil tends to elongate the sarcomere after the end 
of contraction. 

Within any one myocardial cell, sarcomere disper- 
sion tends to be rather narrow, apparently because of 
an equitable distribution of stresses along myofibrils 
that span the length of the cell. The optimal sam- 
pling for sarcomere dispersion will therefore be ob- 
tained by measuring sarcomeres in as many different 
cells as possible, rather than by measuring multiple 
sarcomeres within the same cell. 

In the thick-walled left ventricle, the distribution 
of sarcomere lengths across the wall is far more vari- 
able than the distribution around the mean at a 
given depth in the wall. Midwall sarcomere length 
tends to be the most reproducible, with the narrow- 
est distribution. For a given change in ventricular 
volume the largest percentage change in radius oc- 
curs at the endocardium, and the largest change in 
sarcomere length also occurs here.1-2?-23 Conversely, 
the smallest changes in sarcomere length occur 
toward the epicardial surface (Fig. 4, bottom panel). 
The thin-walled right ventricle shows relatively little 
variation from epicardium to endocardium.* Com- 
plete understanding of the functional limits of the 
sarcomere requires correlation of force and shorten- 
ing vectors, sarcomere length, fiber orientation and 
radius of curvature. This problem has been only 
partly resolved.17 


Ventricular Volume Overload 
Recent studies have indicated that the upper lim- 
its to the ability to increase stroke volume by in- 


creasing end-diastolic volume are also set by the sar- 
comere.? What happens then in the acute and chron- 
ically dilated ventricle? Whereas the sarcomeres of 
skeletal muscle can readily be stretched beyond a 
length of 2.2 u, leading to dissociation of thick and 
thin filaments and an enlarging H zone in the center 
of the. sarcomere,? cardiac muscle is relatively stiff.! 
Thus, at that muscle or fiber length in which sar- 
comeres are 2.2 u, resting forces to stretch the mus- 
cle are rising exponentially. Even in acutely distend- 
ed heart muscle, it is difficult to elongate sarcomeres 
further and dissociate the overlap of thick and thin 
filaments. Rather than elongate individual sarco- 
meres much further, major distortions of the myocar- 
dium start to occur. This is characterized by loss of 
register of sarcomeres between fibrils in individual 
cells and even some necrosis of some of the fibers 
(Spotnitz WD et al., unpublished observations). 

In chronic dilatation. sarcomere dimensions have 
been studied only under limited controlled condi- 
tions. Since human hearts cannot be fixed and stud- 
ied in such circumstances, one can only speculate as 
to the crossovers from animal studies. In dogs, aorta 
to vena caval shunts have been created, leading to 
left ventricular dilatation.? The pressure-volume 
relations of the left ventricle were shifted to the right 
with an augmentation of intraventricular volume for 
any filling pressure, accompanied by little change in 
ventricular wall thickness. Overall ventricular mass 
was augmented, attesting to the fact that "eccen- 
tric" hypertrophy had occurred. Analysis of sarco- 
mere structure indicated that average midwall sarco- 
mere length was shorter than would have been expect- 
ed for the augmentation of volume. Furthermore, 
sarcomeres were not overstretched but were found to 
average 2.2 u in length at normal end-diastolic pres- 
sure. Thus, a dissociation of thick and thin filaments 
did not occur. It appears that dissociation of thick 
and thin filaments cannot be viewed as a cause of 
ventricular depression in chronic left ventricular di- 
latation.? 

As stated, hypertrophy tends to reduce the force of 
contraction required of the myocardium, whereas di- 
lation increases it (Laplace relation). Since normal 
stroke volume represents a smaller fraction of total 
end-diastolic volume in the dilated heart a decreased 
ejection fraction can produce a normal stroke vol- 
ume. A reduction in the amount of shortening re- 
quired of the contractile elements thus tends to off- 
set the disadvantages of increased loading. 

How can volume be augmented out of proportion 
to an increase in sarcomere length in chronic disten- 
sion and eccentric hypertrophy? Many factors may 
be involved. Ventricular circumference could be in- 
creased either by some form of intercellular slippage, 
with displacement of cells relative to one another 
and distension of the ventricular collagen “back- 
bone",3 or by an increase in the length of the cells.?9 
Longitudinal “slippage” of myofibrils relative to one 
another also appears to occur in some areas of the 
myocardium. This provides for a somewhat longer 
cell. New filaments appear to be laid down along the 
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FIGURE 4. Dimensional data derived from experimental study of the dog left ventricle (3,24) are presented for systole and diastole in 
the upper panel. Changes in intraventricular volume (V) measured by silastic casts, sarcomere length (SL), and wall thickness (h) are 
indicated. Axial ratios are defined as follows: a/b — ratio of apex /base ventricular axis to the average minor semiaxis at base; b4 /b2 
= the ratio of minor semiaxes at base. The observed increase in the axial ratios from diastole tə systole indicates a relative elongation 
of ventricular shape during systole. b;/b2 is close to 1, indicating that approximation of the left ventricle as an ellipsoid of revolution is 
appropriate. The center panel presents derived dimensional changes for midwall fibers based on observed changes in sarcomere 
length (SL) and circumference. Maintenance of constant fiber volume requires changes in fiber length, L, to be accompanied by equal 
and opposite changes in cross-sectional area of the fibers (A). The derived change in fiber diameter, d, is based on an assumed cylin- 
drical shape. Data are presented in the lower panel for a thick-walled spherical model of the left ventricle of average weight (100 g) 
with volume changes similar to those observed in the upper panel. The theoretical changes in wall thickness (h) and midwall circum- 
ference (Cm) closely match observed changes in wall thickness and midwall sarcomere length. Calculated changes in epicardial cir- 
cumference (Co) are smaller than those calculated for midwall (Cm) and endocardium (Ci). Changes in cross-sectional area of the 
sectioned hemisphere (A = Cm X h) are similar to the predicted changes in fiber area, indicating little geometric requirement for 
changes in intercellular space. The changes in ventricular wall thickness (h) are many times larger than the changes in fiber thickness 
(d), indicating a strong geometric requirement for internal rearrangement in the ventricular wall to permit changes in the wall thick- 
ness. Dashed line in lower panel represents principal and wall fiber orientation. 


periphery of the fibrils in the cell leading to an in- cious cycle when extended to the dilated intact heart 
crease in fibril cross section with a restoration of and may help to explain the spotty fibrosis common- 
fiber diameter. In addition, synthesis of new sarco- ly observed in chronically dilated hearts (Spotnitz 
meres may be occurring at the intercalated discs that WD et al., unpublished observations). 
lie at the ends of the cell. In these chronically dilated The right ventricle is normally subjected to re- 
hearts, the intercalated disc becomes wider and more duced resistance to emptying and has a relatively 
serpentine and numerous loose filaments are noted thin wall. When the dog heart is subjected to a long- 
in this zone. This may signify growth of new sarco- term combined pressure and volume overload in the 
meres in the area of the intercalated disc.27 We have form of pulmonic stenosis and tricuspid insufficien- 
found no evidence that new sarcomeres are created cy, the structural findings in the right ventricle have 
from widening Z lines of sarcomeres along the fibrils,27 been different from those in the left ventricle.25 
:?8 although some localized thickening of Z lines does Thus, a shift in the pressure-volume relation of the 
Occur. right ventricle ensues, yielding larger diastolic vol- 
Recently we have found that when isolated seg- umes for the same filling pressure. Unlike the sar- 
ments of heart muscle are stretched acutely in vitro, comeres in the left ventricle, those in the dilated 
sarcomeres resist overstretching despite huge in- right ventricle are commonly elongated beyond 2.2 y, 
creases in resting tension. Some "slippage" is ob- although anticipated H zones are not readily per- 
served in this circumstance. In addition, acute ceived. The animals appear to have rather stable 
stretching of cardiac muscle produces spotty damage chronic right-sided failure under these circumstan- 
to individual fibers with resultant localized contrac- ces, although the majority of sarcomeres appear to be 
ture and necrosis. This loss of cells may lead to a vi- “overstretched.” 
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Ventricular Pressure Overload 


The structural changes that occur in the left ven- 
tricle subjected to pressure overloads are limited.?7: 
29-31 Except early in life, most, if not all, of the in- 
crease in ventricular muscle mass results from an in- 
crease in the size rather than the number of individ- 
ual cardiac cells. The increments in deoxyribonucleic 
acid (DNA) observed in the hypertrophied ventricle 
can be attributed to hyperplasia of connective tissue 
rather than of myocardial cells. The manner in 
which the increase in cell size occurs is still not gen- 
erally agreed upon. The relative disposition of thick 
and thin filaments within the sarcomere is not al- 
tered.29 The existence of polysomes and stray fila- 
mentous material along the lateral portions of fibrils 
and at the ends of the cell adjacent to the intercalat- 
ed disc suggests that synthesis of new sarcomeres 
may be occurring in these areas.?7.79.31.3? Claims 
that new sarcomeres evolve from Z line material are 
yet to be confirmed and have not been uniformly ob- 
served, although thickening of Z line substance is 
commonly observed in hypertrophy and occasionally 
with normal aging.?® 

In the concentrically hypertrophied heart, intra- 
cellular mass is increased without extensive qualita- 
tive alterations of the contractile substance, mito- 
chondria, sarcoplasmic reticulum or the T system, 
even when myocardial failure has supervened.?7.3! 
Intracellular structures are increased. However, mit- 
ochondrial mass is increased somewhat less, in rela- 
tive proportion, than contractile mass.?! Although 
the cross-sectional area of the individual cell is in- 
creased, the irregular shape of myofibrils and their 
tendency to phase into one another makes it difficult 
to evaluate their size. The membranes of the sarco- 
plasmic reticulum are spread over the surface of the 
myofibrils, and the possibility remains that an in- 
crease in the diameter of the myofibrils may decrease 
the relative density of this system which is essential 
for activation.33 This event could provide an ultra- 
structural basis for reduced function that may ensue 
late in the course of hypertrophy. Studies on this 
point are required. 

Sarcomere length relative to the passive pressure- 
volume curve has also been analyzed in experimental 
hypertrophy produced in the left ventricle of the rab- 
bit by aortic banding.3! The normal relation between 
sarcomere length and filling pressure was identical to 
that previously obtained in the left ventricle of the 
dog.! However, with severe hypertrophy and a thick- 
ened left ventricular wall, sarcomere lengths were 
somewhat shorter for the same filling pressure, al- 
though the normal distribution of lengths across the 
wall was observed. 


Coincidental Secondary Changes 


A major problem in utilizing structure to charac- 
terize pathology is the many possible nonspecific, ar- 
tifactual or coincidental changes that may not define 
the underlying etiology. For example, in acute isch- 
emia, swelling of mitochondria is noted quite early 


with minor dilation of the sarcoplasmic reticulum. 
These changes may be very marked after 30 minutes 
of ischemia yet are all readily reversible with restora- 
tion of blood flow.33a Nevertheless, sarcomere struc- 
ture is often reasonably normal after 2 to 3 hours of 
ischemia when irreversible damage has already oc- 
curred. After a few hours of ischemia, some areas of 
intracellular contracture may be seen, thereby sug- 
gesting that the integrity of surface membranes may 
be disrupted. 

In the experimental hereditary cardiomyopathy 
seen in the Syrian hamster, most of the alterations 
in structure that are observed reflect either complete 
loss of cells with healing or the changes of compensa- 
tory hypertrophy. Thus, somewhat enlarged cells, 
enlarged, scalloped nuclei, a plethora of mitochon- 
dria, and widened and more serpentine intercalated 
discs are commonly seen. The thickness of Z lines of 
sarcomeres tends to vary from cell to cell. Thus, a 
qualitative abnormality of structure has yet to be 
defined to explain the failure of cardiac tissue before 
the occurrence of extensive ventricular dilatation. Ad- 
ditional difficulty in the analysis of ventricular func- 
tion at the ultrastructural level is statistical. The 
normal left ventricle is estimated to contain some 
101? or more sarcomeres, and the performance of the 
intact ventricle reflects a summation of these units. 
This has already been stressed in previous studies 
but warrants reiteration.? 


Ventricular Fiber Orientation 

In addition to consideration of ultrastructure, the 
grosser organization of the wall is of interest as well. 
Examination of left ventricular myocardial fiber ori- 
entation in serial sections from epicardium to endo- 
cardium, beginning tangential to the epicardial sur- 
face, has provided useful information regarding the 
vectors of force distribution in the ventricular wall!* 
but has not yet been studied in relation to pathologic 
lesions. 

Indeed, the stability of the fiber matrix when ex- 
amined from this orientation is remarkable.??-34 
Transitions of fiber angle are gradual throughout the 
wall, so that abrupt changes in force vectors do not 
occur. The principal fiber orientation is circumferen- 
tial at midwall (dashed line, Fig. 4) in planes paral- 
lel to the ventricular equator. Some 60 percent of the 
free wall fibers lie within +22° of this orientation. 
This midwall band is flanked by fibers that form in- 
creasingly oblique spirals toward the epicardium and 
endocardium. The fibers spiral in opposite direc- 
tions, so that fibers at the endocardium are inclined 
at +60° relative to the ventricular equator and 120° 
oblique to the epicardial fibers, which form an angle 
at —60° with the midwall fibers. In the transition 
from diastole to systole, little change of angles within 
the matrix itself has been observed, although the en- 
tire wall shifts some 10° relative to the major ven- 
tricular axis. Figure 5 illustrates the vectors that 
determine force distribution in the free wall of the 
left ventricle. Fiber orientation strongly favors cir- 
cumferential forces in the wall, except in the 30 per- 
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FIGURE 5. Spatial vectors determining force distribution in the ventricular wall. Data are derived for the dog left ventricle. The lower 
panels illustrate squares of the sine and cosine functions for fibers of the free wall as a function of wall thickness. “Top” refers to the 
basilar half of the free wall, “Leg” to the apical half, “average” to the entire wall. The cosine functions (dark circles) when corrected 
for wall curvature and multiplied by force of fiber contraction will give the magnitude of force in the circumferential direction. The sine 
function (open circle) applies to the apex to base or meridional direction. The great preponderance of fiber orientation for force gener- 


ation in the circumferential direction is apparent. The 


vector for apex to base force generation predominates only in the deepest and 


most superficial regions of the myocardium. The upper panels indicate the magnitude of the vector function summated for the entire 
wall on the ordinate as a function of the angle of inclination from 0° (circumferential direction) to 90° (meridional or apex to base di- 


rection) on the abscissa. Averaged for the entire wall, 


the spatial vector is 3.6 times larger in the circumferential direction than it is in 


the apex to base direction. Choice of the square of the sine and cosine rather than the first power is controversial. 


cent closest to the epicardial and endocardial surfac- 
es. The vectors themselves do not represent actual 
forces. The actual pattern of force distribution also 
depends on the radius of curvature of the ventricular 
wall, which has been measured,!? and the preload 
and afterload transmitted to sarcomeres at various 
depths in the ventricular wall. This forms a complex 
problem which is as yet only partially resolved.17 
Nevertheless, the ratio of 3.6:1 of force vectors in 
the circumferential versus the meridional (apex to 
base) direction is far in excess of the theoretical re- 
quirement for ellipsoids of revolution of 2:1 asym- 
metry. The theoretical ratios are in the range of 1.4 
to 2.5.11.19.34-37 This is believed to indicate a great re- 
serve of myocardium for circumferential contraction, 
and is thought to be responsible for a recognized 
elongation of the left ventricle in the transition from 
diastole to systole, with an increase in the ratio of 
major to minor semiaxes from 1.7 to 2.5 (Fig. 4).24 
Major alterations in the fiber matrix have not as yet 
been reported in abnormal ventricles in which ven- 
tricular shape becomes globular? despite the excess 
of circumferential fibers, presumably reflecting a loss 
of contractility. The pattern of fiber distribution in 
the right ventricle appears to be similar to that of 
the left. 

Increasing attention to correlation of changes in 
ventricular dimensions and sarcomere length has 
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also revealed that side-to-side alignment of myocar- 
dial fibers across the ventricular wall is an area of 
paramount importance. Thus, an average change in 
dog midwall sarcomere length of 13 percent in the 
transition from diastole to systole cannot readily ex- 
plain an associated 30 to 50 percent increase in left 
ventricular wall thickness (Fig. 4).3-21.24 To reduce 
the argument to its simplest form, the myocardial fi- 
bers are viewed as cylinders of constant volume. A 13 
percent decrease in sarcomere length, ventricular cir- 
cumference and cell length should correspond to a 13 
percent increase in cross-sectional area of the myo- 
cardial fibers since fiber volume is numerically equal 
to the product of fiber length and cross section. A 13 
percent increase in cross section is geometrically 
equivalent to a 6 percent increase in the diameter of 
a cylinder. How then can a 50 percent increase in 
wall thickness be explained by a 6 percent increase 
in fiber thickness? Clearly, considerable internal 
rearrangement must occur in the ventricular wall 
during systole. Data recently derived from studies of 
the rat left ventricle suggest that in the range of 
physiologic volume, increases in wall thickness can 
be correlated with proportionate increases in the 
number of fibers aligned side to side from endocar- 
dium to epicardium.?! Changes in intercellular spac- 
ing are of lesser significance. Cross-sectional area of 
the fibers appears to increase linearly with decreases 
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FIGURE 6. Schematic cross sections of left ventricular free wall 
show the simplest observed form of internal fiber rearrange- 
ment, permitting changes in wall thickness many times greater 
than changes in fiber thickness. Sliding planes within the wall 
permit fibers in the midwall region (black dots) to shift to a 
more radial alignment in the low volume, thick-walled ventricle 
(right). In the thinner-walled high volume ventricle (left), the fi- 
bers shift to the apex to base direction permitting the ventricle 
to increase in height as well as in girth. 


in ventricular radius.?! This view has similarly been 
expressed by Hort.38 A number of possible mecha- 
nisms can be invoked for the change in wall thick- 
ness, but observations indicate that fiber rearrange- 
ments are permitted by sliding planes in the ventric- 
ular wall, illustrated in simplest form in Figure 6. 
The myocardial fibers are actually irregular, rather 
than circular in cross section, a fact of little impor- 
tance to the basic argument. These observations are 
consistent with the apparent stability previously at- 
tributed to the matrix of fiber spirals, since the 
changes take place in perpendicular planes. These 
geometric constraints apply equally to discussions of 
transitions from diastole to systole and also to acute 
ventricular dilatation. In summary, acutely increas- 
ing ventricular volume causes the fibers to become 
smaller in cross section, increases the number of fi- 
bers per unit of area in the wall itself, and redistrib- 
utes the fibers to permit degrees of attenuation of 
the wall considerably greater than corresponding de- 
creases in fiber thickness. 

Since internal rearrangement of myocardial fibers 
appears to be involved in changes in ventricular wall 
thickness, obliteration of the required cleavage 
planes in fibrosis and scarring may present an addi- 
tional impediment to ventricular compliance and 
cause an increase in myocardial oxygen consump- 
tion. 

Although ventricular wall forces are generally ex- 
pressed as stresses, such as those provided by the 
Laplace relation, the actual force generators of the 
myocardium are the actin and myosin myofilaments, 
which essentially can be viewed as a series of linear 
chords traversing the sarcomere. The force-generat- 
ing properties of these filaments are not believed to 
be related to cross-sectional area of the sarcomeres. 
Furthermore, recent observations suggest that the 
number of fibers per unit of cross-sectional area of 
the myocardium increases linearly with ventricular 
radius.?! Therefore, although the Laplace formula 


and its derivatives have certain advantages, they do 
not accurately express the effects of dilatation on 
forces at the level of the contractile elements. Appro- 
priate correction of the Laplace formula?! -38 yields 
the results illustrated in Figure 7. It is apparent that 
force per fiber increases with ventricular volume, but 
to a lesser degree than wall stress, so that a 100 per- 
cent increase in ventricular volume is associated 
with an 82 percent increase in wall stress, in grams 
per square centimeter calculated by the Laplace for- 
mula, whereas force, in grams per fiber, increases 63 
percent. Thus, a comprehensive understanding of the 
effects of eccentric or concentric hypertrophy on ven- 
tricular performance and myocardial oxygen con- 
sumption must include consideration of alterations 
in the number, size and packing of the myocardial fi- 
bers and the elements they contain.5:374! Similar 
arguments suggest that translation of fiber forces 
within the ventricular wall are governed by the first 
power rather than the square of the sine and cosine of 
the angle of fiber inclination (Fig. 5). Under this in- 
terpretation, the ratio of circumferential to meridio- 
nal force vectors discussed is 2.1:1 rather than 3.6:1 
for the canine left ventricle. 





0.2 0.4 0.6 0.8 1.0 


LV VOLUME-ml 

FIGURE 7. The value of K; at any ventricular volume multiplied 
by ventricular pressure (in grams per square centimeter) gives 
wall stress (in grams per square centimeter) as calculated by 
the Laplace formula, S = P(Ri)?/(Ro? — Ri?) (see text). Data 
show a linear increase of wall stress (line k;) with volume if 
pressure remains constant. Calculations are for a 1 g spherical 
ventricular model in a volume range of 0.1 to 1.0 ml, but are 
equally valid for a 100 g ventricle in a 10 to 100 ml volume 
range. Line kz is not scaled in absolute units, but indicates the 
increase in loading per fiber (in grams) with increasing ventric- 
ular volume, at constant ventricular pressure. An increase in 
volume from 0.3 to 0.6 ml will increase wall stress (k:) 82%, 
while the fiber loading (ka) increases only 63%. The smaller in- 
crease in fiber loading is the result of an increase in the number 
of fibers per unit cross-sectional area of the wall as ventricular 
volume increases and fibers get thinner. This is the reverse of 
systole, when ventricular volume is decreasing and fibers become 
thicker. Derived data will only apply to that range of ventricular 
volumes in which changes in fiber and sarcomere length are pro- 
portionate to changes in ventricular circumference. 
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The important subcellular systems involved in the regulation of intra- 
cellular calcium were studied in normal and in diseased heart mus- 
cle. These include mitochondria, fragments of sarcoplasmic reticu- 
lum, sodium, potassium adenosine triphosphatase and the tropomy- 
osin-troponin system. Normal and pathologic tissues were obtained 
from human and animal models. In all specimens taken from areas 
in which a significant diminution of contractility was measured, one 
of the earliest defects was found in isolated fragments of sarcoplas- 
mic reticulum. The rate of calcium released from the sarcoplasmic 
reticulum was decreased, compared to that in control preparations. 
When the severity of failing process increased, the rate of calcium 
binding by isolated fragments of sarcoplasmic reticulum was also at- 
tenuated. Alterations of intracellular pH may play a role in these 
early aberrations. 

Mitochondria isolated from severely failing hearts were defective 
with respect to respiration control and calcium accumulation. During 
“nonfailing” compensatory cardiac hypertrophy, mitochondria exhib- 
ited increased rates of respiration and no defect in oxidative phos- 
phorylation. Another significant, albeit preliminary observation of an 
early defect in “pump failure" involved the tropomyosin-troponin sys- 
tem. Isolated, purified actomyosin from cardiac muscle exhibited a 
significant diminution in calcium sensitivity due to a defect in the 
tropomyosin-troponin system. 


Cardiovascular disease accounts for well over 50 percent of all deaths 
in the United States. Approximately one of every five persons has 
some form of cardiovascular ailment, including heart disease, stroke 
and hypertension. Indeed, cardiovascular disease is truly the "twen- 
tieth century epidemic." It is not surprising, therefore, that the U. S. 
government (under the aegis of the National Heart and Lung Insti- 
tute) and nongovernmental groups (such as the American Heart As- 
sociation) vigorously support attempts to reduce this scourge 
through basic experimental and clinical research and education and 
services for physicians and laymen. During the past 20 years, practi- 
cally every discipline in basic and clinical science has made some 
contribution to the understanding of the factors that cause cardio- 
vascular disease. Teams of investigators, specializing in pathology, 
biochemistry, biophysics, virology, pharmacology, physiology and 
clinical medicine, have combined talents in the battle against this 
disease. 

One of the most serious consequences of all types of cardiovascular 
ailments involves the function of the heart as a pump. It is well 
known, for example, that “pump failure" is the probable chief cause 
of death in cardiovascular disease associated with ischemia and in- 
farction. It is vital then to have a complete understanding of both 
the molecular architecture of cardiac muscle and all of its functional 
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icrograph of normal canine myocardium 
showing functional components in two cells: sarcolemma (S), T 
system (T), mitochondria (M), A band, | band and Z disc 
(X9,000. reduced by 28 percent.) 





FIGURE 1. Electron 





characteristics. It is the purpose of our report to re- 
view some of the modern biological concepts of the 
normal and abnormal myocardium. 


Normal Ultrastructure of Heart 


The ultrastructure of cells from various portions of 
the heart has been carefully documented by many 
investigators|-1? and will be reviewed briefly here. 
The electron micrograph in Figure 1 and the di- 
agram of the cell in Figure 2 illustrate important 
microanatomic features. The normal working myo- 
cardial cell is surrounded by a membrane called the 
sarcolemma. At various junctions, the sarcolemma 
invaginates deep into the interior of the cell and 
forms the T' system. Another thin-walled membra- 
nous network, presumably surrounding the myofila- 
ment but not extending to the extracellular space, is 
called the sarcoplasmic reticulum. This reticulum is 
characteristic of mammalian heart and skeletal mus- 
cle; there is evidence that reticulum is present in 
some smooth muscle but absent in amphibian heart 
muscle, or at least is present to only a small extent. 
Each myocardial cell is generally separated by junc- 
tions that are divided into four types of regions, the 
nexuses, the desmosomes, the fasciae adherentes and 
the undifferentiated regions. The nexus is now re- 
garded as a gap junction. In the cell junctions, which 
are called intercalated discs of working myocardium, 





the transverse segments are occupied for the most 
part by large fasciae adherentes, and the longitudi- 
nal segments have large nexuses; the undifferentia- 
ted regions are much less extensive. It has been sug- 
gested that the intercalated discs may become sepa- 
rated (dehiscence) in various pathologic conditions. 
The so-called bordering lines of each sarcomere are 
known as the Z bands. These bands have not yet 
been well characterized, although alterations of these 
areas have been observed in some abnormal states. 
Functions of cardiac cell structures: The aver- 
age mammalian cardiac muscle cell contains an 
abundance of mitochondria. These organelles are re- 
spensible for the conversion of energy-laden food- 
stuffs into a usable form of energy (adenosine tri- 
phosphate [ATP]) that is used for muscle contraction 
and relaxation, active transport and protein synthesis. 
Mitochondria also carry out a series of energy-depen- 
dent reactions of their own, such as ion transport and 
synthesis of reduced coenzymes. The sarcolemma and 
T system are not just structural in nature; the mem- 
brane carries out important enzymatic activities, in- 
cluding the maintenance and transport of important 
monovalent and divalent cations. The sarcoplasmic 
retieulum has a special function in muscle, namely, 
sequestration of intracellular calcium, at a rate and 
capacity consistent with the process of relaxation. 
The calcium is generally believed to be released from 
a specific portion of the sarcoplasmic reticulum 
called the cisternae. In skeletal muscle, which does 


pa 





FIGURE 2. Three-dimensional diagram of the ultrastructure of 
the cardiac cell. (Reprinted by permission from Sommer and 
Johnson.!?8) 
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not require an external source of calcium, it is also 
believed that portions of the sarcoplasmic reticulum 
may release enough calcium to effect complete con- 
traction. Heart muscle, however, requires an external 
source of calcium, as Sydney Ringer pointed out 
many years ago; hence, some believe that a specific 
pool of calcium associated with the cell membrane 
may control the process of contraction, whereas re- 
laxation is carried on chiefly by the sarcoplasmic re- 
ticulum binding phenomenon. 

The cardiac action potential: Extensive studies 
employing sophisticated microelectrode techniques 
have established that the working myocardium 
shows a specific characteristic action potential 
that is easily differentiated from electrical activity in 
skeletal and smooth muscle. It is generally believed 
that the rising phase (Phase zero) of the action po- 
tential (pictured in idealized fashion in Fig. 3), 
which coincides with the QRS complex of the elec- 
trocardiogram, is probably due to a rapid alteration 
in sodium permeability. Phase 2, the plateau region 
of the action potential, is believed by some to be as- 
sociated with a slow inward calcium current. This 
calcium current may be responsible for the control of 
cardiac contraction although there is dispute concern- 
ing this. Phase 3 represents repolarization, during 
which the permeability to potassium is presumably 
increased so that small but significant amounts of 
potassium may “leak” out of the cell. Phase 4 con- 
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FIGURE 3. Diagram of an idealized ventricular ac- 
tion potential correlating phasic voltage changes 
with cation flux. (Reprinted by permission from 
Naylor and Merrillees.'?b) 


stitutes in part a recovery process during which sodi- 
um and potassium are “pumped” back to their origi- 
nal positions by the expenditure of energy derived 
from cellular metabolism. This classic concept, 
like all concepts, is constantly being altered. For 
example, it is quite difficult to determine concen- 
trations and movements of ions in a highly hetero- 
geneous, membrane-filled cardiac cell. Furthermore, 
the state of intracellular water is not known. Many 
persons consider that the internal portion of cardiac 
and skeletal muscle cells consists of highly ordered 
or structured water molecules. If this is true, then the 
usual calculations of concentrations become relatively 
meaningless. 

Molecular nature of cardiac contraction: Mod- 
ern biochemistry has made several important contri- 
butions to the understanding of the molecular nature 
of muscle contraction. The sarcomere (the basic unit 
of contraction) consists of a number of well defined 
bands of proteins. The “A” band represents myosin 
of which there are at least two types: light meromy- 
osin and heavy meromyosin (Fig. 4). Heavy meromy- 
osin represents the cross bridge that extends from 
light meromyosin toward the “I” band. The I band 
consists of actin, a protein that seems to be attached 
to the Z line and two modulator proteins, tropo- 
myosin and troponin. Troponin is now regarded, 
at least in part, as the calcium receptor at the mo- 
lecular level. It consists of at least three different 
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FIGURE 4 (left). Diagram of the contractile element demonstrating the proposed arrangement of the contractile and modulator protein 


and subunits. LMM = light meromyosin. (Reprinted by permission. 12°) 


FIGURE 5 (right). Proposed mechanism of interaction of contractile and modulator proteins resulting in calcium-induced contraction. 


proteins or subunits, one of which actively binds cal- 
cium with an affinity quite consistent with the con- 
tractile process. There are at least two or three addi- 
tional proteins in the sarcomere with various func- 
tions proposed for them. Many more subunits and 
possibly proteins may have vital functions. It is now 
believed that the process of muscle contraction really 
represents a “derepression” process. 
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FIGURE 6. Diagram of proposed pathways of calcium flux durin 
sion. '2¢) 
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Figure 5 illustrates a typical model of contraction. 
Presumably, the cross bridge, with two specific glob- 
ular subunits at the end, remains unattached to spe- 
cific sites on actin during diastole, or the relaxed 
state. This is due to the fact that tropomyosin 
"covers" the active sites and troponin remains free of 
calcium binding. During excitation, either enough 
calcium is released from intracellular sites or enough 
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TROPO = troponin-tropomyosin system 
SR = sarcoplasmic reticulum 

SL = sarcolemma 

MT = mitochondrion 


g contraction and relaxation in the cardiac cell. (Reprinted by permis- 
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enters the cell, or both, to bind to troponin.and cause 
a specific change in the molecular conformation. The 
change results in the exposure of sites on actin to 
which the globular subunits of the cross bridge can 
attach. Once attached, the process of isometric ten- 
sion develops and is followed by the well known slid- 
ing process originally described by H. E. Huxley. 
The energy required for this process is acquired from 
ATP. It is believed that the splitting of ATP does 
not occur until after the development of isometric 
tension. 

Excitation-contraction-relaxation coupling pro- 
cesses: Let us review one possible mechanism for 
these coupling processes (Fig. 6). During each depo- 
larization event, a specific amount of calcium may 
enter the cell. This calcium, as suggested, might be 
associated with Phase 2 of the action potential. The 
calcium interacts with troponin. It is entirely possible 
that some calcium is also released from specific 
areas of the sarcoplasmic reticulum. In any event, 
the calcium-troponin complex changes molecularly, 
removing tropomyosin from the active site. Thus, 
calcium acts as a “derepressing agent" that exposes 
the active sites so that the globular ends of the cross 
bridge can attach to the sites; this process leads to 
contraction, as described earlier. Relaxation some- 
how involves the activation of a complicated enzy- 
matic system that is associated with the sarcoplas- 
mic reticulum and possibly mitochondria, so that 
calcium is actively removed from troponin. It has 
been clearly shown that sarcoplasmic reticulum from 
mammalian heart muscle can remove enough calci- 
um at a sufficiently rapid rate to cause relaxation in 
the required time period.1*15 Thus, the modulator of 
cardiac tone is probably calcium. The regulation 
of specific activator intracellular calcium is com- 


FIGURE 7. Electron micrograph 
of normal human myocardium 
showing usual size and distribu- 
tion of mitochondria (M), glyco- 
gen (G), sarcoplasmic. reticulum 
(SR), T system (T) and contrac- 
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plex and not entirely understood. However, it 
is believed that a number of “membranous sinks" 
compete for the available calcium. These sinks in- 
clude the cell membrane, sarcoplasmic reticulum, 
troponin and mitochondria. When calcium is at- 
tached to troponin, contraction ensues, and when 
calcium is unattached to or detached from troponin 
and attached to some other site, relaxation occurs. 
It is intriguing to regard a possible aberration in 
any one of the systems controlling calcium with 
respect to pathologic conditions. Each of these sys- 
tems has been examined, some in greater detail than 
others, and will be discussed in our paper. 


Myocardial Ultrastructure in Hypertrophy and 
Failure 


The ultrastructure of mammalian ventricular 
myocardium has been observed in normal and exper- 
imental animals in various stages of hypertrophy, 16- 
19. cardiomyopathy?? and heart failure.?! ?? Exten- 
sive structural alterations suggesting a primary le- 
sion have not been seen (Fig. 7), even when heart 
failure was frank. In hypertrophied hearts the mor- 
phologic features of individual cells varied but gener- 
ally reflected an increased functional demand and 
increased synthetic activity.?? Glycogen deposits 
were more numerous (Fig. 8). Mitochondria were 
normal in appearance, but varied considerably in 
size and number from cell to cell (Fig. 9). Mitochon- 
drial profiles were more numerous per unit area of 
tissue but were smaller in size (Fig. 8), and in many 
instances there was actually a decreased volume of 
mitochondria per cell.19.21.22 The nucleus contained 
numerous ribosomes and a prominent nucleolus (Fig. 
9). Individual myofibers increased in size by the ad- 
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FIGURE 9. Electron micrograph of myocardium of cardiomyopathic Syrian hamster (strain 40.54) showing nucleus (N), nucleolus 
(Nu), mitochondria (M), lipid (L), T system (T) and sarcoplasmic reticulum (SR). (X14,000.) 








FIGURE 10 (left). Electron micrograph of myocardium of cardiom 
Substance at the sarcolemma (arrow) and Z bands (Z). (X12,000.) 


yopathic Syrian hamster (strain 40.54) showing accumulation of Z 


FIGURE 11 (right). Electron micrograph of myocardium of cardiom 


yopathic Syrian hamster (strain 40.54) showing folds of intercalated 
disc (ID) and sarcoplasmic reticulum (SR) (X23,000.) 
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TABLE | 


Oxidative Phosphorylation of Normal and “Failed” Cardiac Mitochondria in the Presence of Different Substrates 





Control Experimental 
RCI ADP:0 Q0: RCI ADP:0 Q0: 
Glutamate 5.0 + 0.6 2.9 E iE 141 + 19 2.0+ 0.3 220.1 Hsieh 
Succinate aet:0.1 1.9+ 0.1 148 + 20 1.4+0.1 1.5+ 0.2 96 + 19 
Glutamate-malate 4.8 3:3 220 dod 2:2 174 
Beta-hydroxy- 
butyrate 2.5 2.8 115 1.0 104 


Control and experimental refer, respectively, to mitochondria from normal and failing guinea pig hearts. Mitochondria were isolated 
in 0.25 M sucrose, 10 mM Tris, 1 mM EDTA and assayed in the sucrose-Tris medium at 30 C. Values are means of five experiments 


(glutamate and succinate) or averages of two experiments (gluta 


mate-malate and beta-hydroxybutyrate). The guinea pigs had chronic 


congestive heart failure. QO: = oxygen consumption in nanoatoms O»/min/mg mitochondrial protein; RCI = respiratory control index. 
ADP:O = relation of adenosine diphosphate to oxygen efficiency (phosphorylation). (Reprinted from Lindenmayer et al.** by per- 


mission of the American Heart Association, Inc.) 


dition of new sarcomeres. Accumulations of Z sub- 
stance, believed to be necessary for the formation of 
new contractile units,21.23 were observable as wid- 
ened Z discs in existing sarcomeres and at the sarco- 
lemma with associated thin filaments (Fig. 10). The 
compact wavy appearance of the intercalated disc 
was lost, and the observed distortion of the longitu- 
dinal folds of the disc (Fig. 11) was explained by the 
addition of a new sarcomere nearby.?!.?3 

Qualitative changes in ultrastructure have been 
reported2!.24 but do not appear to be unique to myo- 
cardial pathology. Quantitative studies of hyper- 
trophied and failing hearts have revealed additional 
changes in fine structure that are not readily appar- 
ent. Morphometric analysis of the size and distribu- 
tion of various cellular components has shown signif- 
icant differences between normal and failing hearts. 
In the case of mitochondria, for example, changes 
have been observed in such physiologically impor- 
tant variables as the ratios of surface to volume and 
of mitochondria to myofibrils. 


Mitochondria in Heart Failure 


The normal adult heart is an aerobic organ that 
derives almost all of its useful energy from oxidative 


TABLE II 


reactions catalyzed by mitochondria. The oxidation 
of various substrates by the mitochondria generates 
“energy” in the form of adenosine triphosphate 
(ATP) from the process of oxidative phosphoryl- 
ation. Two decades ago techniques?? for the isolation 
and assay of mitochondria were developed that al- 
lowed discrete in vitro measurements of the primary 
energy-producing mechanism in both normal and 
diseased hearts. We have subsequently learned that 
mitochondria are capable of several energy-utilizing 
functions,29 including calcium transport, which is of 
particular interest to the muscle biochemist. 

During the past 12 years, there have been several 
conflicting reports?*-33 on mitochondrial oxidative 
phosphorylation (or "energy production") in various 
animal models of heart failure. For example, findings 
have differed on whether mitochondrial production 
of energy is impaired in congestive heart failure. It is 
probable that the major reasons for these discrep- 
ancies involve (1) the severity and type of failure at 
the time the mitochondria are isolated from the heart, 
and (2) the quality and method of assay of the mito- 
chondrial preparations. 

Heart failure in animal hearts: Our laboratory 
reinvestigated?* this problem with the view of ob- 


Oxidative Phosphorylation and Ca** Uptake of Hamster Heart Mitochondria 














RCI ADP:0 Q0; Ca** Uptake 
Substrate C E C E C E C E 
Glutamate 8.54 ase 2.924 3.04 + 0.125 + 0.092 + 
0.8 0.4 0.07 0.25 0.012 0.018 
Succinate DE 224: 2.06 + 1.9135 0.118 + 0.093 + 419 + 348 + 
0.5 0.2 0.16 0.19 0.017 0.010 17 17 








Each value is the mean of six experiments (glutamate), five experiments (succinate), and four experiments (Ca ** uptake) with the 
standard error of the mean. C — control hamster heart mitochondria; E — mitochondria from Syrian hamster hearts with congestive 
failure. Cat + uptake (nanomoles/mg protein per 30 min; temperature 37 C). QO. = oxygen consumption (uatoms/mg protein per min) 
(Reprinted by permission from Schwartz et al.39) 
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taining optimal isolation and assay conditions before 
measuring mitochondrial function in failing hearts. 
A study?* utilizing normal heart mitochondria and 
a variety of techniques revealed that an isolation 
medium originally formulated by Von Korff%5— 
0.18 M potassium chloride, 10 mM ethylenediamine- 
tetraacetic acid (EDTA) and 0.5 percent bovine serum 
albumin at pH 7.2 and subsequent homogenization 
with a Polytron shearing device (Brinkmann Instru- 
ments)—yielded mitochondria with optimal oxida- 
tive phosphorylation capacity measured both mano- 
metrically and polarographically. Heart failure in 
guinea pigs was produced by various degrees of steno- 
sis of the ascending aorta.29 As shown in Table I, the 
respiratory control index (RCI = ratio of active phos- 
phorylating respiration to resting respiration) and the 
rate of oxygen consumption during active phosphoryl- 
ation (QO5) were markedly decreased in mitochon- 
dria from hearts with severe failure. Our study demon- 


TABLE Ill 


Oxidative Phosphorylation Values for Mitochondria Isolated 
from Recipient Human Cardiac Tissues 


(ou er EE IR MES TUR SAD en S D COT D NR er 
NADH-Linked 
- Substrates Succinate 
Case Isolation 


no. Medium * Tissue ADP:0 RCI QO. ADP:0 RCI QO, 


iat: Se ae st 





1 REA ^ RV-FEV 3:0* - 10:0" M3 2:0 3.3 122 

2 KE IVS SAY 5018,35 HO 2300-83 1.76 

LV Boke SPIO CEO Th 35S 4 85 

RV 3dt 78S 349 220" 3:3. 99 

3 KE RV 22 10.077105" 73:97 2:8-.:85 

FV 0.0 0.0 0 0.0 0.0 0 

4 KEA LV 335 0 05 5:125 32:5 3:05. 72s 

5 - KE LV 3.3 15.0 125 1.9 5.4 108 

6 KE LV 2.8 8.0 148 2.3 2.0 61 

RV 3-1 9.5 13 2.6 3.6 84 

AW 3.0 10 7755-2:852-73:7 -. 768 

7 KE LV 3i 11.0 186 2.0 5.5 270 

8 KE RV+LV 3.1 10.7 148 2.0 5.4 156 

9 KE LV 3.4 Hi oC TU E INE C EMEN IE 

RV 3.5 TEGO. Not 387—253 03,80 09 

1g: SE RV+LV 3.1 6.6 14 2.4 3.5 77 
11 KE Pap 3.4 TA e Bi i Lee er) 
LV 3.5 20.0 130 1.6 5.4 102 

IVS 3.2 13:7...191:- 156: A> 88 

RV 3.4 20.0 86 1.6 3.4 67 

12 KE LV 2.95 — 1157:511271:9 3.1 - 69 
RV 2.8* 5.7- .:85- 72.47 3:2 .:.54 


EDUECNG e m ERIT e ED Pan V ig SE ACIE To M A 


* NADH-linked oxidation carried out in the presence of gluta- 
mate-malate; all other values in this category obtained with 
glutamate as the substrate. Abbreviations for isolation media: 
KE — 0.18 M KCI, 10 mM EDTA; KEA — 0.18 M KCI, 10 mM EDTA 
and 0.5 percent bovine serum albumin; SE = 0.25 M sucrose, 10 
mM EDTA. Abbreviations for tissues: AW = atrial wall; FV = 
fibrotic area of left ventricle; IVS = interventricular septum; Pap 
= papillary muscle; LV = left ventricle; QO. = rate of oxygen 
consumption in the presence of ADP and expressed as yatoms/ 
min per mg protein. RV — right ventricle; RV + LV = mixture 
of right and left ventricular sections. (Reprinted from Linden- 
mayer et al.39) 


strated that quantitative differences between normal 
and experimental respiratory values were greatest 
when optimal conditions were used. We concluded 
that severe heart failure is characterized by defects 
in mitochondrial energy production;34 whether these 
defects are primary or secondary events in the gene- 
sis of congestive failure could not be determined. 
Subsequent studies?9 of mitochondria from a ge- 
netically linked animal model of heart disease, the 
cardiomyopathic Syrian hamster, also revealed de- 
pression of respiratory activity compared to that of 
normal control animals (Table II). In addition, mito- 
chondria isolated from the hamsters with severe con- 
gestive heart failure had decreased calcium transport 
capabilities (Table II). These data indicated an im- 
pairment in both mitochondrial energy-producing 
mechanism in congestive failure and also in an 
energy-utilizing process. In another study,37 mito- 
chondria from hamsters with mild congestive heart 
failure had only slightly impaired respiratory activi- 
ty. These mitochondria also accumulated less calci- 
um. The results suggested that changes in mitochon- 
drial oxidative phosphorylation and calcium trans- 
port were related to the severity of failure. 
Mitochondria from failing human heart: At the 
time these studies were in progress, fresh tissue from 
a failing human heart became available through the 
cardiac transplantation program at this center. In an 
earlier study of mitochondria from failing human pa- 
pillary muscles, Chidsey et al.38 found no impair- 
ment of oxidative phosphorylation. However, mito- 
chondria isolated from failing human ventricles?9 ex- 
hibited large differences in respiratory activity 
(Table III). A significant finding was that the rate of 
oxygen consumption (QOs) of mitochondria from 
failing human hearts (Table III) was generally lower 
than ‘that observed in mitochondria from human 
hearts with no evidence of cardiovascular disease.49 
Furthermore, studies?9 comparing mitochondria 
from failing human heart tissue with those isolated 
from nonfailing hypertrophic human heart tissue 
(Fig. 12) showed a dramatic difference in respiratory 
activity. Mitochondria from failing human hearts 


TABLE IV 
Contractile ATPase from Failing Hearts 


SS a o ur DLE MEE IM CUI CTS PT NM 


Contractile 
preparation Species Activity change 


Sa ur i ioo DM S v RO qoe E UMORE RR 


Myofibrils Human Decrease74—76 
Cat Decrease? 
Guinea pig Decreases 
Dog No change” 

Actomyosin Dog Decreases9s1 
Dog Increases? 
Dog No change?! 
Guinea pig Decrease’8 

Myosin Human Increases? 
Dog No change?: 
Dog Decrease% 


eR a ee 
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RECIPIENT - TRANSPLANTATION 


GLUTAMATE 
ADP:0-3.2 A ADP:0=2.9 
RCI -10.0 RCI= 47 

Q05-162 005-400 


NON-FAILING HYPERTROPHIED SUB-AORTIC STENOSIS 


GLUTAMATE 


ADP 
(526 NMOLES) 


y ROTENONE & SUCCINATE a ROTENONE & SUCCINATE 


ADP 
ADP (547 NMOLES) 
(526 NMOLES) 


FIGURE 12. Oxygen electrode tracings of 
human heart mitochondria isolated in 
0.18 M KCI, 10 mM EDTA and 0.5 per- 
cent bovine serum albumin at pH 7.2. 
A, tracing of mitochondria isolated from a 
mixture of right and left ventricular sec- 
tions obtained from a recipient patient in 
congestive heart failure. B, tracing of 
mitochondria isolated from  nonfailing, 
hypertrophied tissue obtained during sur- 
gical correction of subaortic stenosis. 
The latter is a typical result of four ex- 
periments. 


had much lower rates of nicotine adenine dinucleo- 
tide (NADH) linked respiratory activity (QO»; Fig. 
12A) when compared to mitochondria isolated from 
non-failing hypertrophic tissues (Fig. 12B). These data 
suggest that values for mitochondrial respiratory 
activity in normal human cardiac tissue fall some- 
where between those obtained for failing and 
hypertrophied tissues. The markedly increased 
respiratory activity of mitochondria from hypertro- 
phic tissue (QOs, Fig. 12B) may also reflect a quan- 
titative increase in capacity for synthesizing ATP. 
Increased mitochondrial performance during com- 
pensatory hypertrophy of heart!?.37 and skeletal 
musclet! has been observed. These observations are 
consistent with the hypothesis of Meerson et al.*? 
that increased mitochondrial activity during a stage 
of “stable hyperfunction" is associated with cardiac 
compensatory hypertrophy. Although clear-cut 
similarities are not immediately apparent between 
mitochondrial activity from failing human hearts 
and those obtained from various animal models of 
heart failure, it should be emphasized that the pa- 
tients were receiving continuous supportive therapy 
during the course of their disease and most had coro- 
nary artery disease. In animal models, failure secon- 
dary to left ventricular overload seems most fre- 
quently to result in mitochondrial aberrations.?* 
Mitochondrial function in compensatory hyper- 
trophy and heart failure: Our laboratory recently 
developed a new method*? of producing left ventric- 
ular overload by stenosis of the ascending aorta. This 
procedure involves placing a clip made of Ameroid (a 
hygroscopic material synthesized from formalin- 
treated casein) on the aorta of rabbits. Unlike the 
static constriction that has been produced with clips 
or ligatures, the hygroscopic Ameroid material slowly 
swells and produces increasing aortic constriction 
that results in marked cardiac hypertrophy and 


0.130 UA OXYGEN 





TIME IN MINUTES 


eventually congestive failure. The more gradual 
onset of this overload has permitted temporal studies 
of mitochondrial function during compensatory hy- 
pertrophy and the eventual onset of congestive heart 
failure. 

Mitochondria isolated from hypertrophied nonfail- 
ing rabbit hearts had significantly increased respira- 
tory activity (QO2) compared to that of normal con- 
trol preparations. No changes in phosphorylation 
(ratio of adenosine diphosphate to oxygen efficiency 
[ADP:O]) or the "tightness" of respiratory control 
were observed. However, mitochondria isolated from 
hearts with congestive failure exhibited respiratory 
rates near or below normal values, decreased respira- 
tory control and some lowering of phosphorylative 
efficiency (ADP:O).15.4* Measurements of calcium 
uptake in mitochondria isolated from hypertrophied 
hearts revealed values similar to those of normal 
control preparations.!? However, in failing heart 
preparations, the rate and total uptake of calcium 
were markedly decreased. In fact, mitochondria from 
failing rabbit hearts “released” the calcium taken 
up, whereas simultaneous measurements of mito- 
chondrial respiration revealed no change in the rate 
of oxygen consumption during this respiration-sup- 
ported uptake of calcium. 

The increases in mitochondrial respiratory activity 
during nonfailing compensatory hypertrophy can be 
interpreted as a compensatory response of the 
energy-producing mechanism to quantitatively in- 
creased production of ATP. Mitochondria from ani- 
mals with frank congestive failure had respiratory 
rates at or below normal values. These data are con- 
sistent with the hypothesis of Meerson et al.*? that a 
stage of “stable hyperfunction" is followed by a final 
stage of progressive deterioration and failure. The 
marked depression of mitochondrial respiratory ac- 
tivity in failing heart preparations compared to find- 
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ings in hypertrophied heart preparations suggests 
that the mitochondrial activity decreased to a point 
that was insufficient to meet the energy demands of 
the hyperfunctioning heart and therefore, contrib- 
uted to the onset of failure. 

Recently, several reports37.45.46 have proposed a 
role for mitochondria in the intracellular calcium 
fluxes involved with excitation-contraction cycles of 
the heart. The results obtained with mitochondria 
from the Ameroid rabbit model of failure indicate 
changes in either the calcium-binding sites or the 
energy-linked calcium transporting system, especial- 
ly from hearts with congestive failure. These data 
suggest that oxidative phosphorylation, the primary 
funetion of mitochondria, is sustained until very late 
in failure, whereas other energy-linked functions 
(calcium transport) are changing. At present, it can- 
not be determined whether mitochondria play a pri- 
mary or secondary role in contributing to congestive 
heart failure. However, further studies of the energy- 
linked functions of mitochondria (ion transport, fatty 
acid oxidations, protein synthesis and so on) may re- 
veal heretofore unsuspected control mechanisms in- 
volving cardiac contractility. 


Sarcoplasmic Reticulum Relaxing System 


Because of the role of calcium in mediating con- 
tractile protein interaction, considerable investiga- 
tion has been devoted to evaluating preparations of 
myocardial membranes that accumulate calcium. 
These membrane preparations are presumably frag- 
ments of sarcoplasmic reticulum and, as such, have 
been thought to represent an in vitro index of activa- 
tor calcium for excitation-contraction coupling. In 





TIME (msec.) 


FIGURE 13. Dual-beam spectrophotometric 
trace of calcium binding and release in cardiac 
relaxing system. Upper tracing shows entire 
cycle, lower two tracings, performed by 
stopped-flow show the rapid initial rate of calci- 
um binding. Reaction medium: 0.1 M KCI, 10 
mM MgCls, 20 mM Tris maleate (pH 6.8), 0.2 
mM Murexide, 30 mM CaCls, 0.2 mM ATP at 30 
C. (Reprinted by permission from Schwartz.®14) 


80 


interpreting the results of these studies, the following 
should be considered: (1) These membrane prepara- 
tions isolated by homogenization and differential 
centrifugation are crude and undoubtedly contain 
fragments from several subcellular organelles. (2) In 
all likelihood, there are three major intracellular 
membrane structures that sequester calcium in vivo, 
—the  sarcolemma,*^?  mitochondria,4?: and the 
sarcotubular system (longitudinal sarcoplasmic re- 
ticulum).4? (3) Unlike skeletal muscle, cardiac mus- 
cle may derive very little activator calcium from the 
intracellular sarcoplasmic reticulum and much more 
from superficial binding sites in the sarcolemma and 
T system.47 

Calcium uptake and binding in heart failure: 
The accumulation of calcium in myocardial mem- 
brane fractions has been studied in a variety of mod- 
els of congestive heart failure. Initially, accumulation 
was studied by use of an anionic precipitating agent 
such as oxalate or phosphate that trapped accumu- 
lated calcium yielding an estimate of “calcium up- 
take." With this technique, defective calcium uptake 
was demonstrated in failure associated with isch- 
emia,9? spontaneous, failing heart-lung prepara- 
tions,?! pulmonary arterial stenosis.52 hereditary 
cardiomyopathy,53 negative inotropic agents such as 
barbiturates,?* quinidine,55 propranolol,99$ general 
and local anesthetic agents?? and bacterial endotox- 
in.58 

The use of techniques that require nonphysiologic 
concentrations of precipitating anions (oxalate, 
phosphate) has fostered controversy over the appli- 
cability of the results to in vivo function. Use of sim- 
ilar techniques, in the absence of these anions (*'cal- 
cium binding") has generally been considered “more 
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“NORMAL” FAILING 
(PRESERVATION CHAMBER) (RECIPIENT HEART) 
MUREXIDE PROCEDURE 
30uM 0.2mM 30uM 0.2mM 
++ ATP ++ ATP 
"I T | 
RM! 1 Min m 
4 TOES 4 
AOD=0.0044 AOD=0.0044 
am 
rate (5") - 115.2 n moles Ca / mg protein / min rate ey 42 n moles Ca/ mg protein / min 


max binding - 40.3 n moles Ca / mg protein max binding = 35.2 n moles Ca / mg protein 
t, = 23 sec % = 70 sec 


Spectrophotometric recordings of calcium 
binding and release by relaxing system from 
human heart 


The downward deflection with ATP addition is the uptake 
phase. Failing preparations exhibit little or no release phase. 


POSSIBLE BIOCHEMICAL CAUSE OF HEART FAILURE 


Muscle Filament 


Heart beat Release Heart beat 





E T" t 
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k= Contraction + Less contraction 
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FIGURE 14. Proposed mechanism for 
heart failure resulting from observed de- 
fects in cardiac relaxing system. (Re- 
printed by permission from Schwartz.°') 


physiologic” but likewise has had difficulties. As 
with studies of calcium uptake, initial studies of cal- 
cium binding were performed with the use of 45Catt 
and by stopping the reaction at various intervals 
with millipore filtration. Since calcium binding is 
very rapid, initial binding rates were not obtained 
and most published data reported the steady state of 
calcium binding at a later rate (15 seconds, 30 sec- 
onds, and so on). From these indexes, it was calcu- 
lated that the “capacity” of the calcium-binding sys- 
tem was adequate to obtain relaxation in vivo and 
assumed that calcium binding was the actual physi- 
ologic process occurring in vivo. 

With use of millipore-filtration methods, steady- 
state “calcium binding” has likewise been shown to 
be impaired in failure associated with hereditary car- 
diomyopathy9? and spontaneous failure in substrate- 
depleted isolated hearts.6° The authors of these lat- 
ter studies stressed the greater sensitivity of “bind- 
ing” methods in detecting defects in contractility. In 
fact, Sulakhe and Dhalla®® did not find a defect in 
calcium uptake in dystrophic hamsters. However, 
Gertz et al.53 observed a defect in calcium uptake in 
a similar species. These discrepancies in the findings 
of “binding” and “uptake” methods are compound- 
ed by the work of Suko et al.5? in which right ven- 
tricular failure in calves (surgically constricted pul- 
monary artery) was associated with impaired calci- 
um uptake but not binding. Further elucidation of 
these processes is required in order to clarify the 


Calcium uptake 


The possible biochemical "lesion" involving 
the inability of failing "cardiac relaxing sys- 
tem" to sequester amd release calcium for the 
proper contraction and relaxation of the myo- 
fibrils 


discrepancies. However, there is qualitative agree- 
ment in the field of calcium transport that strongly 
suggests the presence of a defect in sarcoplasmic re- 
ticulum and that this lesion may contribute to myo- 
cardial failure. 

A relatively new spectrophotometric method®! for 
measuring calcium binding has aided in the charac- 
terization of the normal and pathologic physiology of 
these calcium-binding membranes (Fig. 13). Use of 
the technique has shown that ATP-dependent calci- 
um binding: (1) is sufficiently rapid to effect cardiac 
relaxation®2; (2) consists of independent phasic 
changes with distinct thermodynamic properties and 
biochemical requirements$3— that is, the first phase is 
initiated by ATP and induces calcium binding; the 
second phase requires calcium binding and allows or 
“induces” calcium release; and (3) is a saturable sys- 
tem of sites with each site able to function indepen- 
dent of the others in the binding and release pro- 
cess. 62.03 

Once the properties of the normal calcium-binding 
membranes were defined, it was possible to delineate 
and characterize further the abnormalities found in 
such membranes in models of heart failure. The ear- 
liest change found to occur is a decrease in the rate 
of calcium release, as studied in cardiac relaxing sys- 
tem isolated from failing human,!? rabbit,53 car- 
diomyopathic hamster®* (Fig. 14-16) and ischemic 
dog (unpublished observations) hearts. The rate of 
binding is next attenuated and, later still, the total 
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Calcium Binding (nmoles/mg protein) 


Age 262 +12 days 
40,000 X g 


*——~ BIO- RB (Control) 
*- - - BIO 82.62 
e—--— BIO 14.6 

*-- — — BIO 40.54 








Time (Minutes) 


FIGURE 15. Calcium binding by 40,000 g (cardiac relaxing system) of myopathic Syrian hamsters of various strains (B10-RB = con- 
trol; B10 82.62, 14.6 and 40.54 — diseased). All were about 262 days old. Note defective calcium binding by cardiac relaxing system 
of myopathic strains. Reaction medium as in Figure 13. (Reprinted by permission from Schwartz.5'8) 


caleium binding is reduced. Recent evidence from 
our laboratory suggests therefore that calcium re- 
lease, which is controlled by that phase in the bind- 
ing-release cycle with the greatest energy of activa- 
tion, is the most sensitive index of in vivo contractile 
failure. Alterations in intracellular pH may contrib- 
ute to the genesis of the defects (Fig. 17). 

Functional defect in sarcotubular system: It 
would seem logical from the unanimity of these stud- 
ies that there is a functional impairment in the 
sarcotubular system (and, perhaps, in the sarcolem- 
mal binding sites). The resulting functional defect is 
characterized physiologically but the explanation for 
it in terms of these studies is speculative. At least 
two possible explanations exist: (1) The sarcotubular 
calcium pool may actually help control the amount 
of activator calcium and, therefore, its size, and im- 
pairment of release directly decreases calcium sup- 
plied to the contractile proteins. (2) The effect is in- 
direct, that is, relaxation and calcium egress (known 
functions of the sarcoplasmic reticulum in heart tis- 
sue) are impaired, primarily causing a secondary 
change in contractility. A combination of these fac- 
tors may also be present. However, until further 
characterization of subcellular fractions if forthcom- 
ing such questions remain unanswered. 


Nat ,K+-ATPase 


The membrane transport enzyme sodium, potassi- 
um adenosine triphosphatase (Na+,K+-ATPase) is 
presumed to be directly involved in the active trans- 
port of both Na+ and K+ across the cell mem- 
brane.9? Furthermore, studies from this laboratory$8. 
57 and others$5.99? have suggested that the enzyme 
system may be the pharmacologic receptor for cardi- 
ac glycosides. Although there is much indirect evi- 
dence for this interaction, the mechanism is still 
controversial.79 

Despite the acknowledged role of the membrane 
transport enzyme in active cation transport and its 


presumed role in the action of cardiac glycosides, 
very little work has been done on its role, if any, in 
congestive heart failure. In the single report on this 
subject, Mead et al.'! observed that “sarcolemmal” 
A'TPase isolated from either the right or left ventri- 
cle of dogs with congestive heart failure induced by 
progressive pulmonary arterial stenosis?? was less in- 
hibited by a high concentration of ouabain (10-4M) 
than a comparable preparation isolated from control 
dogs (61 vs. 91 percent). This finding suggests that 
less of the sarcolemmal ATPase activity per gram of 
tissue is Na*,K *-ATPase, since the authors defined 
the preparation as that ATPase activity which, in 
the presence of Na+ and K+, is inhibited by oua- 
bain. However, such conclusions are vague. The 
preparation used?? is not justifiably a “sarcolemmal” 
preparation. A complex reorganization of cellular 
membrane densities in the diseased condition could 
account for such results, and recovery studies should 
be performed. Furthermore, the control Nat,Kt- 
ATPase activity levels were very low for the normal 
dog heart. Hence we conclude that involvement of 
Na*,K*-ATPase in congestive heart failure has not 
yet been demonstrated. 

In a recent report from this laboratory?? on pub- 
lished biochemical information from recipient hearts 
obtained during transplantation, Na*,K*-ATPase 
was found to be severely depressed. The explanation 
offered was that, since all these patients had some 
type of heart failure and were heavily digitalized, the 
enzyme was depressed because of in vivo binding of 
the drug, for which experimental precedent has been 
established.9.97.69 However, since proper control 
studies have not been made, it is possible that de- 
pressed Na*,K *-ATPase is characteristic of the fail- 
ing process itself. It must be concluded at present 
that no definitive work has been performed on 
Nat,K*+-ATPase in the failing process and the role 
of this enzyme system in such disease states remains 
to be elucidated. 
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FIGURE 16. Isolated sarcoplasmic reticulum d 
fragments from control, hypertrophied and 
failing rabbit hearts. Reaction as in Figure 0* 


18. (Reprinted by permission from McCol- 
lum.948) 


Contractile Proteins in Heart Failure 


Contractile ATPase 


Correlations have been sought between the re- 
duced contractile performance that occurs during 
heart failure and the function of the contractile pro- 
teins74-85 (Table IV). Although some of the early 
studies yielded conflicting results, reports published 
after 1965 indicate that a functional lesion exists in 
the contractile proteins. 


s d 


MI TOCHONDRION 





|SARCOPLASMIC RETICULUM 


FIGURE 17. Diagram of proposed mechanism 
of contractile failure resulting from intracellular 
acidosis. Upper panel, diagram of hypothesis. 
Lower panel (left), superprecipitation of myosin 
B under conditions shown. Note delay in super- 
precipitation in the presence of sarcoplasmic 
reticulum when pH is 6.2 (calcium affinity of 
sarcoplasmic reticulum > calcium affinity of 
troponin component of myosin B); addition of 
base to increase pH to 7.3 causes immediate 
superprecipitation (calcium release by sarco- 
plasmic reticulum) Right: calcium binding by SR 
showing effect of rapid pH change. Reaction as 
in Figure 12 with pH as shown. pH is changed 
at arrow. (Reprinted by permission from 
Schwartz.$!8) 
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Several investigators?4-79 have observed a reduc- 
tion of cardiac myofibrillar ATPase activity in pa- 
tients with spontaneously occurring heart failure. A 
similar depression of cardiac myosin ATPase activity 
was reported by Luchi et al.5? in dogs with sponta- 
neously occurring heart failure. Since Nebel and 
Bing®? found that human beings with heart failure 
had a myosin with increased ATPase activity, it ap- 
pears that this problem deserves further investiga- 
tion. 
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The presence of a lesion in the contractile proteins 
during heart failure is also supported in a recent 
study by Draper et al.78 who induced congestive 
heart failure in guinea pigs by constricting the as- 
cending aorta. Hearts from these animals showed a 
decrease in myofibrillar ATPase activity and in AT- 
Pase activity of the actomyosin. It is not clear 
whether these decreases are a result of a change in 
myosin or some other contractile proteins. 


Troponin-Tropomyosin System 


Katz and Hecht®® recently pointed out that the in- 
creased acidity generally believed to accompany an 
acute heart attack or an ischemic event could con- 
ceivably alter the affinity of troponin for calcium. It 
is well known that the interaction between calcium 
and the calcium binding site on troponin is pH-de- 
pendent. This affinity decreases as pH is reduced. 
During a number of pathologic events it is possible 
that the metabolism of the heart is shifted to a pre- 
dominantly glycolytic character. If this were so, the 
increase in lactic acid would be responsible for the 
decreased pH.* The troponin-tropomyosin complex 
may be quite labile and therefore may be one of the 
first molecular lesions" accompanying a pathologic 
process associated with heart disease. 

In preliminary studies we examined the tropomy- 


* The competitive characteristic of H*Ca* * on troponin has 
now been questioned (Symposium on Calcium Binding Proteins, 
Warsaw, Poland, 1973). 


osin-troponin system isolated from acute and chronic 
“ischemic” dog hearts. Native actomyosin was iso- 
lated and both ATPase activity and superprecipita- 
tion were studied. Native actomyosin contains the 
proteins actin, myosin, troponin and tropomyosin. 
The latter two proteins confer calcium sensitivity to 
actomyosin. If stored for several weeks, the troponin- 
tropomyosin system deteriorates and leaves what is 
known as desensitized actomyosin. The latter 
substance lacks calcium sensitivity and superprecipi- 
tation, therefore, is not sensitive to EGTA. Desensi- 
tized actomyosin from our pathologic models be- 
haved in a manner that was statistically similar to 
that from normal control animals. On the other 
hand, native actomyosin derived from the pathologic 
models showed defective superprecipitation charac- 
terized by a diminution in calcium sensitivity. To 
determine whether a defect might reside in the tro- 
ponin-tropomyosin system, we carried out a series of 
"cross-experiments," combining the normal tro- 
ponin-tropomyosin complex with “diseased” desensi- 
tized actomyosin and “diseased” troponin-tropomy- 
osin complex with normal desensitized actomyosin. 
These experiments clearly showed that the aberra- 
tion cited was observed only when the troponin-tro- 
pomyosin complex isolated from abnormal hearts 
was combined with normal or diseased desensitized 
actomyosin. Consequently, an important defect in 
contractility failure may involve calcium-binding 
sites on the troponin-tropomyosin complex. 
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The key enzyme in the genetic process of protein synthesis, ribonu- 
cleic acid (RNA) polymerase, is increased in activity during the early 
stages of cardiac hypertrophy induced by aortic banding. A similar 
increase in the activity of this enzyme is seen in the cardiomyopathy 
of the Syrian golden hamster. There are at least two RNA polymer- 
ases in the cell. RNA polymerase | is nucleolar in origin and synthe- 
sizes ribosomal RNA under conditions of reduced ionic strength. 
RNA polymerase II is nucleoplasmic in location and chiefly synthesiz- 
es deoxyribonucleic acid (DNA)-like RNA or messenger RNA. The 
latter enzyme is strongly inhibited by alpha amanitine, a toxic cyclo- 
peptide obtained from the common poisonous mushroom. Increased 
adenyl cyclase activity in the myocardium of the hamster with car- 
diomyopathy suggests that catecholamines and cyclic adenosine 
monophosphate may play an important role in the pathogenesis of 
the condition. 


“The process of protein synthesis which is controlled by the nuclear genetic 
apparatus constitutes the basis of the building and later also of the renewal 
of membranes, myofibrils, and the mitochondria as well as the sarcoplasmic 
reticulum. Thus, the process of protein synthesis is the basis of the plastic 
endurance of all activity of the myocardial cell." F. Z. Meerson! 


The biochemical mechanisms by which physiologic stimuli such as 
chronic pressure or volume overload of the heart produce cardiac hy- 
pertrophy have been subjected to intensive investigation in recent 
years.1-19 By analogy to genetic regulatory mechanisms in bacterial 
and mammalian systems, Nair et al.* suggested that deoxyribonu- 
cleic acid (DNA)-dependent ribonucleic acid (RNA) polymerase, a 
key regulatory enzyme in the control of protein synthesis, played a 
major role in the early events that occur after an increased work load 
on the heart. Two models of cardiac hypertrophy were studied. In 
the first model, left ventricular hypertrophy is produced in rats by 
creation of supravalvular aortic stenosis using a specially designed 
silver clip. In the second model, cardiac hypertrophy and myocardial 
failure occur spontaneously in the Syrian golden hamster (Bio line 
14.6), presumably because of a hereditary myopathy. In the former 
model, changes in heart weight occur within 2 days after aortic 
banding; in the latter model increase of heart weight appears only 
after the third month of life although evidence of myocardial damage 
may be present during the first month.1! 

This paper discusses the genetic regulatory mechanisms in cardiac 
hypertrophy and cardiomyopathy with specific reference to nuclear 
and nucleolar RNA polymerase. It also suggests a probable cause of 
cardiomyopathy in the Syrian golden hamster. The interrelation 
among catec ;.adenyl cyclase and RNA polymerase is briefly 
evaluated. 
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FIGURE 1. RNA polymerase | activity in heart muscle of the 
Syrian golden hamster with cardiomyopathy. Each closed circle 
represents the mean value of four separate incubation studies. 
For each assay the hearts of three or four hamsters were 
pooled. Note the sharp increase in enzyme activity between the 
fifth and sixth weeks of life. 


Materials and Methods 


Mature female rats of the Sprague-Dawley strain 
weighing 220 to 240 g were used to produce left ventricular 
hypertrophy. Syrian hamsters (B10 line 14.6) with dystro- 
phy were obtained from Telaco (Maine). Hamsters from 
the newborn stage to 180 days of age were used for the 
study of serial changes in the heart. Sham-operated litter- 
mates served as control animals for the rats, whereas nor- 
mal healthy hamsters of the same age as the study ham- 
sters served as control animals in this group. The healthy 
hamsters were obtained from Zucca's hamstery, New Jer- 
sey. 

'The method for banding the aorta above the semilunar 
valve and the methods for determining heart weight, RNA 
and DNA content have previously been described in de- 
tail.4 

RNA polymerase assays: Nuclei were isolated from 
heart muscle homogenates by differential centrifugation 
using 2.2 M sucrose. The fractionation procedure was based 
on the method reported by Nair et al.!? which was modified 
from the techniques of Widnell and Tata!? and Chauveau 
et al.!* Details of the methods used in heart muscle prep- 
arations have been published previously.!? DNA-depen- 
dent RNA polymerase activity was assayed according to 
the methods of Weiss!? and Widnell and Tata.!3 The 
enzyme assay was routinely carried out in duplicate under 
conditions of reduced ionic strength (polymerase I) and 
increased ionic strength (polymerase II).1? 

Inhibitory studies: Alpha-amanitine was dissolved in 
0.01 M Tris-HCl buffer, pH 7.6, and was used in concen- 
trations ranging from 0.005 to 1 ug/ml of assay mixture. 

Adenyl cyclase assays: The method of Krishna et al.16 
was followed. Heart muscle was minced finely and passed 
through a Latapic grinder. It was then homogenized in 15 
volumes of ice-cold 0.27 M sucrose in 0.04 M Tris-HCl 
buffer, pH 7.6. The homogenate was spun at 2,600 revolu- 
tions/min for 15 minutes in a Sorvall RC-2B refrigerated 
centrifuge. The pellet was resuspended in the homogeniz- 
ing medium and centrifuged at 8,000 revolutions/min for 
15 minutes at 0 C. The crude pellet so obtained was used 
for assay of adenyl cyclase activity. Theophylline, a 
known inhibitor of cyclic adenosine monophosphate 
(AMP) phosphodiesterase, was routinely added to all 
assay mixtures. The incubations were carried out for 10 
minutes at 35 C, the reaction being terminated by the 
prompt addition of excess nonradioactive cyclic 3/5’ AMP 
and subsequent immersion of the incubation tubes in 
boiling water for 5 minutes. The tubes were centrifuged at 
2,500 revolutions/min for 10 minutes, and the supernatant 


was loaded on to Dowex 50 H+ ion exchange column (0.4 
X 3.3 cm). Elution was carried out with distilled water. 
The first 4 ml of the eluate was discarded, and 0.2 ml 
each of 0.25 M ZnSO; and 0.25 M Ba(OH)s was added to 
the second 4 ml of the eluate. Cyclic AMP remained in 
the supernatant after centrifugation. A suitable aliquot 
was counted in Bray's fluid using liquid scintillation. 

RNA and DNA content: Details of the method for esti- 
mating myocardial nucleic acids have been published ear- 
lier.* Calf thymus DNA (Sigma) and yeast RNA (Sigma) 
served as standards. 


Results 


RNA polymerase assays: We have earlier shown 
that after aortic banding RNA polymerase I activity 
of the left ventricular myocardium increases sharply, 
the earliest detectable change occurring after 12 
hours in the in vitro system. The peak level is 
reached on the second day. In nuclei obtained from 
heart muscle of the Syrian golden hamster (Bio 14.6 
strain) there is a sharp increase in RNA polymerase 
I activity between the fifth and the sixth week of 
life.!* By the 18th week of life the levels of RNA 
polymerase activity reach a stable plateau value 
(Fig. 1). In both the rat heart preparations as well as 
the nuclear preparations from the myopathic ham- 
ster our values for RNA polymerase II activity were 
random and not quantifiable. 

Changes in RNA polymerase I activity were ac- 
companied by an increase in myocardial RNA con- 
tent (Fig. 2). The illustration also shows parallel in- 
creases in myocardial DNA content. These changes 
are qualitatively similar to our findings in ventricu- 
lar hypertrophy caused by aortic banding. 

Alpha amanitine, in concentrations of 0.01 u/ml 
of assay mixture, regularly produced far greater inhi- 
bition of RNA polymerase II activity than of RNA 
polymerase I activity (Table I). This differential in- 
hibition caused by alpha amanitine was of the same 
degree in the myopathic hamsters as in normal con- 
trol hamsters. 

Adenyl cyclase assays: An increase in myocardial 
adenyl cyclase activity was noted around the eighth 
week of life in the myopathic hamsters (Fig. 3). This 
increase seemed to remain sustained till the very late 
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FIGURE 2. Nucleic acid changes in cardiomyopathy. The in- 
creases in RNA and DNA (yg/mg wet weight) are maximal 
around the fifth and the sixth weeks, paralleling the changes in 
RNA polymerase activity. 
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TABLE | 


Alpha Amanitine Inhibition of RNA Polymerases 


RNA Polymerase | 
(percent inhibition) 


RNA Polymerase || 
(percent inhibition) 





Age 

(days) Control Myopathic Control Myopathic 
32 28.9 21.5 72.5 70.4 
45 21:3 22.8 74.4 80.6 
50 22.6 20.4 95.0 95.1 
71 27.8 26.7 90.0 90.5 


stage (240 days). These results are of a preliminary 
nature since the number of animals in each group 
was small (no. = 4 at each day of estimation). 


Discussion 


The myocardium is composed of different types of 
cells. In addition to the muscle cells there are spe- 
cialized Purkinje cells, connective tissue cells and 
endothelial cells. In the process of cardiac hypertro- 
phy all of these cellular elements increase in size or 
number depending upon their biological abilities of 
adaptation. Increased protein synthesis is an essen- 
tial factor in cell growth, and it is not surprising that 
in experimental cardiac hypertrophy there is an aug- 
mented synthesis of RNA and protein in the heart. 
Once the provocative stimulus to cardiac hypertro- 
phy is removed, some of these changes revert to nor- 
mal.18 In general, the changes in RNA and protein 
content parallel the changes in heart weight. 

Protein synthesis in myocardial hypertrophy: 
Various investigations have shown that the incre- 
ment in RNA and protein content of the myocar- 
dium is chiefly due to an accelerated rate of protein 
synthesis.1-4-6-8:19 Goldberg!® has shown in work- 
induced hypertrophy of skeletal muscle that changes 
in the rate of RNA and protein turnover may be an 
operative factor in their accumulation. A similar 
process probably occurs in heart muscle. 

Protein synthesis in the cell takes place on aggre- 
gates of ribonucleoprotein particles called polysomes. 
Each aggregate is made up of units called ribosomes 
which are made up of RNA and protein in roughly 
equal proportions. A special variety of RNA, messen- 
ger RNA, holds these ribosomes together in a polyso- 
mal cluster. Basically three types of RNA are in- 
volved in the process of protein synthesis: (1) ribo- 
somal RNA, (2) messenger RNA, and (3) transfer or 
soluble RNA. During cardiac hypertrophy it is the 
ribosomal fraction that increases to a large extent. A 
proportional increase in messenger RNA and transfer 
RNA is also very likely. 

RNA polymerase in cardiac hypertrophy: The 
enzyme RNA polymerase that synthesizes all cellular 
RNA is located in the cell nucleus. Chromosomal 
DNA is used as a template to direct the synthesis of 
a specific RNA. With the use of isolated nuclear 
preparations from heart muscle, Nair et al.* showed 
that within 24 hours after the induction of hypertro- 
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phy RNA polymerase activity was increased. These 
results were later confirmed by Schreiber et al.?° in 
perfused guinea pig hearts subjected to a work over- 
load. 

Multiple forms of RNA polymerase have been de- 
scribed by several workers.?!:25 Polymerase I is ac- 
tive under conditions of reduced ionic strength, 
whereas polymerase II is optimally active at a higher 
level of ionic strength of the incubation medium. Pu- 
rified nucleoli generally contain polymerase I, where- 
as polymerase II is found mainly in the nucleoplas- 
mic fraction of the cell nucleus.?? There may be a 
third RNA polymerase in the nucleoplasm, but little 
is known about it at present.?? 

In an earlier report,!? we stated that the product 
of the reaction of polymerase I is ribosomal RNA and 
that of polymerase II is messenger or DNA-like 
RNA.!? Our experiments indicate that the synthesis 
of ribosomal RNA is greatly accelerated in cardiac 
hypertrophy. This paper is the first report of in- 
creased RNA polymerase activity in the heart muscle 
of the Syrian golden hamster with myopathy. In this 
highly inbred line (B10 14.6 strain), the first signs of 
muscular weakness appear around the 60th day of 
life. Cardiac lesions such as swelling of muscle fibers, 
patchy necrosis and pyknotic changes in nuclei may 
occur as early as the 30th day. It is at this time that 
the first increase in RNA polymerase activity occurs, 
presumably because of the increased work load im- 
posed on the normal surviving myocardial fibers. It 
is not clear whether this increased RNA polymerase 
activity arises entirely from hypertrophying muscle 
fibers or partly from connective tissue cells. 

The differential inhibition of the two polymerases 
by alpha amanitine is of interest. Nucleoplasmic 
polymerase which synthesizes predominantly mes- 
senger RNA is markedly inhibited by this toxic cy- 
clopeptide obtained from the poisonous mushroom 
Amanita phalloides.17.26.27 The polymerases from 
both normal and myopathic animals are inhibited to 
the same extent, thus indicating no major difference 
in their behavior. Alpha amanitine should prove to 
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FIGURE 3. Adenyl cyclase activity in the low speed fraction 
from myocardial homogenates from myopathic (triangles) and 
control (circles) hamsters. Note the early increase in enzyme 
activity around the eighth week of life. Each triangle or open 
circle represents the mean values from two separate incuba- 
tions performed in duplicate with the use of pooled hearts from 
four animals. 
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be a powerful tool in further studying the genetic 
transcriptive mechanisms that are the prelude to 
protein synthesis. 

The increase in myocardial adenyl cyclase activity 
is of considerable interest. Angelakos et al.28 have 
studied the rate of synthesis of norepinephrine in the 
B10 14.6 strain of hamsters, and their results indicate 
that cardiac norepinephrine synthesis is increased 
two to three times over that of the normal level in 
the myopathic animals. It is likely that the higher 
levels of norepinephrine result in increased adenyl 
cyclase activity of the myocardium. 

Early biochemical events regulating protein 
synthesis in cardiac hypertrophy: In conclusion, 
we suggest the following hypothesis: During the early 
stages of cardiac hypertrophy in the model of cardio- 
myopathy under study, there is an increase of RNA 
polymerase activity with a consequent increase in 
RNA content of the myocardium. There appears to 
be a concomitant increase in adenyl cyclase activity 


of the heart. This is probably due to an initial eleva- 
tion of the catecholamine content of the myocar- 
dium. Although we have not yet measured the levels 
of cyclic AMP in the heart, the higher levels of ade- 
nyl cyclase activity suggest that cyclic AMP may have 
a crucial role to play in the transcriptive process in- 
volving RNA polymerase. Such a role involving the 
sigma factor has already been demonstrated in bac- 
terial systems.?? The function of the sigma factor ap- 
pears to be that of promoting the initiation of tran- 
scription at specific sites on the DNA template.39 
Further experimental work along these lines should 
provide greater insight into the early biochemical 
events that regulate protein synthesis in cardiac hy- 


pertrophy. 
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Several recent studies have shown that myocardium hypertrophied 
by a pressure overload exhibits depressed indexes of contractility; 
there is further deterioration with the superimposition of congestive 
heart failure. For isotonic contractions of cat right ventricular papil- 
lary muscles hypertrophied by pulmonary arterial banding, there are 
decrements in both the velocity and extent of shortening against any 
given afterload. For isometric contractions, the maximal active ten- 
sion generated is reduced, the time required to reach peak tension 
is prolonged, and the rate of tension development is lessened. Be- 
cause these contractile indexes have been defined as determinants 
of the oxygen consumption (MVO») of isolated myocardium, the 
MVO: of isotonic and isometric contractions of this same prepara- 
tion of hypertrophied and failing myocardium was examined. Both in 
hypertrophied myocardium and in hypertrophied and failing myocar- 
dium, the expected parallel decrements of contractile indexes and 
MVO: did not occur. The MVO;. of isotonic contractions was nor- 
mal, and that of isometric contractions was increased. This paradox- 
ical dissociation of depressed contractility and augmented MVO? is 
apparently related to the pressure stress, since we have found nor- 
mal contractile indexes and MVO; with the same extent of hypertro- 
phy induced by a volume overload. More recent studies suggest that 
the mechanism for the increased MVO> of pressure-induced hyper- 
trophy of the myocardium might lie in increased nonphosphorylating 
respiration by its mitochondria. 


Although the process of hypertrophy is a fundamental mechanism 
whereby the heart compensates for an increased load, the description 
of the effects of this altered myocardial state on myocardial contrac- 
tile behavior has only recently begun. Various aspects of the contrac- 
tile activity and the energetics of the hypertrophied and failing myo- 
cardium have interested many investigators.!-? In recent studies of 
papillary muscles!? from hypertrophied right ventricles, as well as 
intact hypertrophied right ventricles,!! Spann and co-workers char- 
acterized myocardial contractility in terms of force-velocity relations 
and quantitated a depression of myocardial contractility in both 
myocardial hypertrophy and hypertrophy with congestive heart fail- 
ure. Subsequent studies by Bing et al.? have confirmed these find- 
ings. In contrast, in à recent investigation of hypertrophy induced by 
a volume overload, Cooper et al.!? described entirely normal myocar- 
dial contractile behavior. Since the contractile state has been identi- 
fied as a major determinant of myocardial energy utilization,!? 14 
hypertrophied myocardium, with or without superimposed heart fail- 
ure, might be expected to have an altered pattern of myocardial 
energy utilization. Accordingly, this report discusses our recent find- 
ings concerning the mechanics of contraction and oxygen consump- 
tion (MVO3) of the hypertrophied and failing myocardium. 
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FIGURE 2. A, comparison of average values +1 SEM for arteriovenous oxygen difference, right ventricular end-diastolic pressure and 
ratio of liver weight to body weight from a group of control cats and a group of cats with right ventricular hypertrophy following pulmo- 
nary arterial constriction. (Reproduced by permission from Bajuz E.'7) B, the same comparisons between the control group and a 
group of cats with right ventricular hypertrophy and congestive heart failure induced by pulmonary arterial constriction. (Reproduced 
by permission from Gunning and Coleman. 15a) 
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Methods 

Right ventricular hypertrophy and right ventricular hy- 
pertrophy with congestive heart failure were produced in 
adult cats weighing 1.5 to 3 kg by the method of Spann et 
al.19 In brief, anesthetized cats underwent left thoracoto- 
my, and a chronic pressure load was imposed on the right 
ventricle by constricting the main pulmonary artery with 
a circular clip. Clips of 3.5 and 2.8 mm internal diameter 
were used to reduce the pulmonary arterial circumference 
to approximately 20 and 10 percent of normal, respective- 
ly:9 This procedure produces hypertrophy of both the 
right ventricle and the right ventricular papillary mus- 
cles!9 and, with the 2.8 mm clip, a congestive syndrome 
characterized by increased right ventricular end-diastolic 
pressure, ascites and pleural effusion (see later). After the 
animals had convalesced for 25 to 82 days, anesthesia was 
again induced with intraperitoneally administered pento- 
barbital (25 ml/kg), and the hemodynamic status of 10 
cats with right ventricular hypertrophy, 9 cats with right 
ventricular hypertrophy and congestive failure, and a con- 
trol group of 12 cats was determined. 

After these determinations papillary muscles were rap- 
idly excised from the right ventricle and transferred to a 
Petri dish containing oxygenated Krebs-Ringers solution. 
Ties of noncapillary 4-0 silk were placed on each end of 
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the muscle, which was then mounted from the bottom of 
the central tubular chamber of a Lucite? muscle bath. 
Details of this bath apparatus, and procedures for simul- 
taneous measurement of myocardial mechanics and myo- 
cardial oxygen consumption (MVO») have been previously 
presented.15 


Results 
A. Right Ventricular Hypertrophy 


1. Hemodynamics: The findings documenting 
right ventricular hypertrophy in the cats operated on 
are shown in Figure 1A. The ratio of right ventricu- 
lar weight to body weight was increased from 0.54 + 
0.03 standard error of the mean (SEM) g/kg in nor- 
mal cats to 0.93 + 0.07 g/kg in the cats operated on 
(P <0.001). Right ventricular systolic pressure in- 
creased from 22 + 2 mm Hg to 64 + 6 mm Hg (P 
«0.001). The lack of evidence of a congestive heart 
failure syndrome is seen in Figure 2A. There was no 
significant difference between normal cats and those 
operated on in arteriovenous mixed oxygen differ- 
ence, right ventricular end-diastolic pressure or the 
ratio of liver weight to body weight. No ascites, pleu- 
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FIGURE 3. A (upper panel), comparison of average force-velocity relation +1 SEM for papillary muscles obtained from 12 control cats 
and 10 cats with right ventricular hypertrophy. Lower panel, extent of shortening plotted versus force. The ordinate shows shortening 


normalized in terms of muscle lengths. (Reproduced by permission 


from Bajuz E.!9) B, the same comparisons between the control group 


and a group of cats with right ventricular hypertrophy and congestive heart failure. (Reproduced by permission from Gunning and 


Coleman. '54) . : 
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ral effusions or enlarged systemic veins were found in 
the cats with pulmonary arterial-constriction pro- 
duced by 3.5 mm clips. 

2. Mechanics of contraction and MVO»; of papil- 
lary muscles: The mechanics of contraction of the 
10 hypertrophied and 12 normal muscles of similar 
average cross-sectional area (0.90 and 0.92 mm2, re- 
spectively) were assessed from isotonic force-velocity 
curves and from isometric contractions at various 
muscle lengths. 

Isotonic force-velocity relations from the two 
groups of muscles are shown in Figure 3A. The aver- 
age values for preload, determining initial muscle 
lengths, were similar (0.44 + 0.02 [control] and 0.52 
+ 03 g/mm? [hypertrophy]). In the upper panel the 
force-velocity curve from the hypertrophied muscles 
is depressed downward and to the left, with de- 
creased velocity at all loads. The maximal measured 
velocity at preload is significantly depressed from a 
control value of 1.35 + 0.07 to 0.94 + 0.08 muscle 
lengths/sec in hypertrophy (P «0.01). In the lower 
panel, shortening, and thus external work, the prod- 
uct of shortening times load, was not significantly 
depressed in the hypertrophied muscles. 

Figure 4A shows the MVO» values corresponding 
to the afterloaded contractions of Figure 3A. In hy- 
pertrophied muscles, the average oxygen consump- 
tion for any given level of load is within normal lim- 
its. 

Average length-tension curves for control and hy- 
pertrophied muscles are shown in Figure 5A. The av- 
erage resting length-tension curves for the two 
groups of muscles are similar, with a resting tension 
at maximal length (Lmax) of 0.87 + 0.14 (control) 
and 1.00 + 0.12 g/mm? (hypertrophy). Average de- 
veloped tension at Lmax was decreased in the hyper- 
trophied muscles, but the difference was not statisti- 
cally significant (6.19 + 0.55 and 4.90 + 0.54 g/mm?, 
respectively, P »0.1). The time course of isometric 


tension development for the two groups of muscles 
was analyzed in terms of the maximal rate of tension 
development and time from onset of tension develop- 
ment to peak tension at Lmax. The maximal rate of 
rise of tension at Lmax was significantly depressed in 
the hypertrophied muscles from 34.1 + 3.3 to 22.3 + 


-2.3 g/mm? per sec (P «0.01). The time to peak ten- 


sion was significantly greater in the hypertrophied 
muscles (354.5 + 9.4 compared with 302.4 + 5.4 
msec, P «0.01) although less tension was being de- 
veloped. 

Oxygen consumption was determined for five lev- 
els of tension development on each length-tension 
curve for 12 control and 10 hypertrophied muscles. 
The relation between tension development and 
MVO; in these isometric contractions is presented in 
Figure 6A. The relation between MVO» and isomet- 
ric developed tension for normal muscles is described 
by the least squares linear regression equation Y = 
0.13 + 0.56 X (r = 0.68, number of points = 55) and 
for the hypertrophied muscles by Y = —0.68 + 1.4 X 
(r = 0.79, no. = 52) (Fig. 6A). The following statisti- 
cal analysis was applied. The slopes of the regression 
lines relating MVO» and isometric developed tension 
for the individual muscles of each group were calcu- 
lated. The two groups of slopes obtained were then 
compared, using both a Student t test and the 
nonparametric rank sum test. The mean slope for 
normal muscles was 0.63 + 0.08 and for hypertro- 
phied muscles was 1.28 + 0.27 uliter Oo/mg per 
beat X 10-3/g per mm? of tension. This difference 
is significant (P «0.01). Thus, the oxygen cost per 
unit of tension development is significantly increased 
in the hypertrophied muscles. Further evidence that 
the MVOs of isometric contraction was greater in 
hypertrophied muscles is seen. when the MVO» per 
gram of tension developed at the peak of the length- 
tension curves is compared. The value for MVOs»/g 
per mm? of tension developed was 1.13 uliter/mg per 


430 September 20, 1973 The American Journal of CARDIOLOGY Volume 32 





LENGTH TENSION CURVES 
MEAN and SE 
o Control (12) 
6 e Right Ventricular Hypertrophy (10) 
[ON 
£ 
3 4 
- 
z 
9 
o 
z 
E 


LENGTH (% Change from Lmax? 
FIGURE 5. A, comparison of average length-tension relations +1 SEM for papillary muscles obtained from 12 control and 10 cats with 
right ventricular hypertrophy following pulmonary arterial constriction. B, comparison of average length-tension relations +1 SEM for 
papillary muscles from the 12 control muscles and 9 with ‘right ventricular hypertrophy and congestive heart failure. (Reproduced by 
permission from Gunning and Coleman. 15a) 










A 16 
MEAN and SE ? 
o Control 
e Right Ventricular Hypertrophy 
14 


y:-0.68*1.4X 
r=0.79 


J = 0.13 + 0.56X 
r =0.68 


OXYGEN CONSUMPTION ( uL /mg/ beat x4073) 


[^] 2 4 6 8 


TENSION (g/mm?) 


TENSION ( g/ mm?) 


N 


O2 CONSUMPTION IN HEART FAILURE—GUNNING ET AL. 


LENGTH TENSION CURVES 







MEAN and SE 


© Control (12) 
A Heart Failure (9) 


o 


-18 -14 -10 -6 a 
LENGTH (% Change from Lmax? 


Lmax 2 





o9 


J = 0.13 + 0.56X 
r-0.68 


OXYGEN CONSUMPTION (pL /mg/ beat x 103) 








12 
MEAN and SE 

o Control 

A Heart Failure 
10 A 

a 
a 
8 
y70.64 *1.17x 
s r-0.83 
o9 
o 


TENSION (g/mm?) 


FIGURE 6. A, relation between peak isometric tension development and MVO». The relation between tension and MVO» for control 
muscles is described from the least squares regression equation Y = 0.13 + 0.56 X; for muscles with right ventricular hypertrophy Y 
= 0.68 + 1.4 X (see text). (Reproduced by permission from Bajuz E.!9) B, the same relation for the muscles with hypertrophy and 
congestive heart failure, where Y = 0.64 + 1.17 X. (Reproduced by permission from Gunning and Coleman. 15a) 


September 20, 1973 The American Journal of CARDIOLOGY Volume 32 


431 


O2 CONSUMPTION IN HEART FAILURE—GUNNING ET AL 


beat X 10-3 for the hypertrophied muscles and 0.61 
for the normal muscles (P <0.01). 

3. Resting oxygen consumption of papillary 
muscles: Resting oxygen consumption was deter- 
mined in 11 normal and 8 hypertrophied muscles. 
The MVOs was increased from 2.07 + 0.19 SEM 
uliter/mg per hour for the normal muscles to 3.42 + 
0.45 jliter/mg per hour for the hypertrophied 
muscles (P «0.01). 


B. Right Ventricular Hypertrophy and Heart Failure 


1. Hemodynamics: In Figure 1B the mean values 
+ 1 SEM for right ventricular systolic pressure for a 
group of nine animals with reduction of pulmonary 
arterial lumen to 10 percent of normal (2.8 mm clip) 
are compared with those of a control group. The av- 
erage peak systolic pressure was significantly in- 
creased from 22 + 2 to 73 + 7 mm Hg (P «0.001). 
The ratio of right ventricular weight to body weight 
was significantly increased from 0.54 + 0.08 to 1.22 
+ 0.08 SEM g/kg in the cats with pulmonary arteri- 
&l constriction (P «0.001). The average arteriove- 
nous oxygen difference was unchanged in cats with 
hypertrophy and heart failure (Fig. 2B). However, 
average right ventricular end-diastolic pressure (1.9 
+ 0.2 [control], 9.0 + 1.1 mm Hg [congestive heart 
failure]), and ratio of liver weight to body weight 
(27.8 + 1.1 [control], 31.7 + 1.5 g/kg [congestive 
heart failure]) were significantly increased (P <0.01) 
in the cats with pulmonary arterial constriction. The 
hemodynamic burden imposed by pulmonary arterial 
constriction was evidenced in all cats by enlarged 
systemic veins, central venous congestion of the liver 
by gross examination (nutmeg liver), and ascites. In 
addition, four cats had bilateral pleural effusions at 
the time of study. The severity of the heart failure 
state is indicated by a 60 percent mortality rate be- 
fore study in these operated on cats. i 

2. Mechanics of contraction and MVO> of papil- 
lary muscles: The mechanics of contraction were 
determined for 9 muscles with congestive heart fail- 
ure and compared with findings in 12 normal control 
muscles of similar average cross-sectional area (0.90 
mm?, range 0.4 to 1.1 mm? [control]; 0.75 mm?, 
range 0.3 + 1.1 mm? [congestive heart failure]). In 
Figure 3B, upper panel, the average force-velocity 
curves for the two groups of muscles are plotted. 
These relations were obtained from similar initial 
muscle lengths as established by average preload 
values of 0.44 g/mm? (control) and 0.52 g/mm? 
(congestive heart failure). The force-velocity curve 
from muscles with congestive heart failure was de- 
pressed, with decreased velocity of shortening at all 
loads. The maximal measured velocity with only the 
preload was decreased from 1.35 + 0.07 (control) to 
0.62 + 0.06 muscle lengths/sec (congestive heart 
failure) (P <0.001). In addition, the extent of short- 
ening, and thus external work, the product of short- 
ening times load, is significantly depressed in the 
muscles with congestive heart failure. The MVO» 


values corresponding to the force-velocity mechanics 
in Figure 3B are shown in Figure 4B. The average 
MVO: for afterloaded contractions of muscles with 
congestive heart failure was not significantly differ- 
ent from the value obtained in normal papillary 
muscles. 

The average length-tension relation for muscles 
with congestive heart failure is compared with that 
of control muscles in Figure 5B. The average resting 
length-tension relations for the two groups are simi- 
lar, with resting tensions at Lmax of 1.00 + 0.14 
(control) and 0.99 + 0.12 g/mm? (congestive heart 
failure). The active developed tension at Lmax in 
muscles with failure was significantly depressed from 
a control value of 6.19 + 0.55 g/mm? to 3.55 + 0.53 
g/mm? (P «0.01). Analysis of the maximal rate of 
tension development at Lmax ( dF/dt) revealed a de- 
crease from 34.1 + 3.3 (control) to 14.7 + 0.19 g/ 
mm?/sec in muscles with failure (P <0.001). The 
time from onset of tension development to peak ten- 
sion at Lmax was prolonged in muscles with conges- 
tive heart failure from 302 + 5 (control) to 370 + 
0.15 msec (P «0.001). 

The MVO: of isometric contraction at various lev- 
els of resting tension is plotted in Figure 6B. The 
relation between MVOs and isometric developed 
tension for normal muscles is described by the least 
squares linear regression equation Y = 0.13 + 0.56 X 
(r = 0.68, number of points = 55). This relation for 
muscles from the group with heart failure is given by 
the equation Y = 0.64 + 1.17 X (r = 0.83, number of 
points — 45). The slope of each regression line is sig- 
nificantly different from zero (P «0.01). To evaluate 
the difference in slopes the following statistical anal- 
ysis was applied. The slope of the regression lines re- 
lating MVOz and isometric developed tension for the 
individual muscles in each group were calculated. 
The two groups of slopes obtained were then com- 
pared using both a Student t test and the nonpara- 
metric rank sum test. The slopes of the two groups 
were significantly different (P «0.05, rank sum test; 
P «0.01; Student ¢ test). The mean slope for normal 
muscles was 0.63 + 0.08 SEM liter O2/mg per beat 
X 10-3 per g/mm? of tension, and for the muscles 
with failure 1.06 + 0.12. 

3. Resting oxygen consumption of papillary 
muscles: Resting oxygen consumption was satisfac- 
torily determined in 11 normal muscles and 8 with 
heart failure. This basal oxygen consumption was in- 
creased in the muscles with heart failure from 2.07 + 
0.19 to 4.27 + 0.53 uliter/mg per hour (P «0.001). 

4. Effect of acetylstrophanthidin on papillary 
muscles: Acetylstrophanthidin, added to the perfu- 
sate in a final concentration of 2 x 10 g/ml for 
four muscles with íailure, augmented contractility 
with a shift of the force-velocity relation upward and 
to the right. Maximal measured velocity of shorten- 
ing (preload) was augmented by 63, 42, 48 and 103 
percent, respectively, in the four muscles after the 
addition of acetylstrophanthidin. Maximal rate of 
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rise of isometric tension at the apex of the length 
tension curve was augmented by 36, 55, 64 and 105 
percent, respectively. In all muscles MVO» during 
isometric contractions was augmented for matched 
levels of tension development after the addition of 
acetylstrophanthidin. Tension was matched by de- 
creasing initial muscle length after the addition of 
acetylstrophanthidin. 15 This relation in a typical ex- 
periment is shown in Figure 7. The MVO» of hyper- 
trophied myocardium is increased at any given level 
of tension development after the addition of acetyl- 
strophanthidin. 


Discussion 
The advent of cardiac catheterization and mea- 
surement of myocardial oxygen consumption 


(MVO») provided the initial investigations 19 of the 
relation between the heart's metabolism and clinical 
heart failure states and thus reopened the search ini- 
tiated by Harrison!? for a biochemical basis for con- 
gestive heart failure. In these initial studies of pa- 
tients with heart failure the values of MVO» were 
not changed from normal. Subsequently, however, it 
has become apparent from a series of investiga- 
tions1418 that (1) MVOs is determined by multiple 
factors that are principally the mechanical events of 
contraction, and (2) no analysis of mechanical events 
was undertaken in these initial studies of MVOz dur- 
ing heart failure. Of further interest are recent stud- 
ies defining depression of myocardial contractility in 
terms of reduced intrinsic velocity of contraction in 
experimental myocardial hypertrophy both in the 
presence!?.11 and the absence? of congestive failure. 
Since in these studies myocardial contractility was 
defined in terms of the depressed velocity of contrac- 
tion, a major determinant of MVO», the focus of our 
investigation was on determining myocardial metab- 
.olism through measurements of MVO» during an ex- 
perimental hypertrophy-heart failure state induced 
by pressure overload. 

In our studies, Spann's technique!? of pulmonary 
arterial constriction was utilized to produce right 
ventricular pressure overload, right ventricular hy- 
pertrophy and congestive heart failure. As shown in 
Figures 1B and 2B, this technique resulted in many 
features common to clinical heart failure states, in- 
cluding a two-fold increase in the ratio of right ven- 
tricular weight to body weight, increased right ven- 
tricular end-diastolic pressure, increased ratio of 


liver weight to body weight, and systemic fluid accu- 


mulations. The hypertrophy-failure state was associ- 
ated with a profound depression of myocardial con- 
tractile mechanics, with depression of both the aver- 
age force-velocity curves (Fig. 3B) and the average 
length-tension curves (Fig 5B). 'Phese changes are of 
the same magnitude as those reported for this exper- 
imental hypertrophy-failure Šte by Spann et al.!? 
Similar but less dramatic depression of the contrac- 
tile state in experimental hypertrophy without con- 
gestive heart failure was noted in our experiments as 
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well as those of Spann et al.,!? and similar results 
have been reported by Bing et al.? and Gunning and 
Coleman.1!? 

Paradoxical relation between velocity of con- 
traction and MVO»: The unexpected finding in our 
investigation was a paradoxical increase in the 
MVOz2 of the isometric contractions of hypertro- 
phied-failing myocardium. This finding was present 
both at the apex of the length-tension curve when 
the average MVO» of isometric contractions was ex- 
pressed per average gram of tension development 
and when all MVO» values for isometric contractions 
were evaluated over the range of the length-tension 
curve. Thus, MVOœ2 per contraction per gram of ten- 
sion development was effectively doubled in the hy- 
pertrophied-failing myocardium from 0.57 to 1.17 
uL/mg per contraction per gram of tension develop- 
ment. Similar findings were demonstrated for right 
ventricular hypertrophy without congestive heart 
failure with an average MVOz per gram of tension 
development of 1.40 uliter/mg per contraction. Al- 
though these precise values are dependent on both 
the rate of stimulation and the temperature, these 
factors were the same for all experiments. Thus, our 
findings clearly delineate a striking metabolic abnor- 
mality associated with experimental hypertrophy 
and failure induced by a pressure overload. 

When isotonic contractions were evaluated, the 
average velocity of shortening was severely de- 
pressed. In addition, the extent of shortening, and 
thus the amount of external work performance by 
hypertrophied muscles, was depressed. From depres- 
sion of these two mechanical factors determining 
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MVOs, it would be reasonable to predict that the 
average MVO» of isotonic contractions of the hyper- 
trophied-failing myocardium would also be de- 
pressed. This expectation was not realized, since the 
MVO» of afterloaded isotonic contractions of hyper- 
trophied and failing muscles was entirely normal. 
These results undoubtedly reflect interactions among 
the multiple factors determining the MVO» of isoto- 
nic contractions (tension, external work and veloci- 
ty) but are consistent with the increased cost of de- 
veloping tension shown for the isometric contractions 
of these muscles. 

Energy production in hypertrophied failing 
myocardium: These results, as well as previous work 
by Gunning and Coleman!? describing increased 
MVO? associated with right ventricular hypertrophy 
in the absence of failure, are unique in showing a 
paradoxical relation between velocity of contraction 
and MVO». The findings are in contrast to previous- 
ly reported parallel increments in MVO» and veloci- 
ty in the chronically augmented myocardial contrac- 
tile state associated with experimental hyperthy- 
roidism.?? Similarly, Graham et al.?! reported paral- 
lel decrements in MVO» and velocity of contraction 
in acute myocardial depression and failure, findings 
that again contrast with those reported here. 

The measurement of MVO» represents the sum of 
overall myocardial energy utilization, since it is gen- 
erally accepted that myocardial metabolism is aero- 
bic in character. This premise assumes normal cou- 
pling of oxidative phosphorylation processes in mito- 
chondria, which produce adenosine triphosphate 
(ATP). The effects of experimental myocardial hy- 
pertrophy and heart failure states on this aspect of 
mitochondrial function have been subject to conflict- 
ing reports. Mitochondrial energy production has 
been described as normal22-24 or impaired.25-27 Sobel 
et al.,?8 utilizing a hypertrophy preparation identical 
to that used in our experiments, reported normal mi- 
tochondrial energy production in the presence of de- 
pressed contractility. These findings were subse- 
quently critically reviewed by Schwartz,27 who noted 
that mitochondria from Sobel’s study demonstrated 
low respiratory control indexes; he suggested that 
the mitochondria may have been damaged by the 
proteinase procedure utilized in their isolation. This 
subject also received critical analysis by Linden- 
mayer et al.,25 who stressed that altered mitochon- 
drial respiration was noted in advanced and severe 
heart failure, whereas mitochondrial respiration was 
generally normal in hypertrophy or mild congestive 
failure. This concept was based on the demonstra- 
tion of normal or even increased mitochondrial respi- 
ratory control indexes in the presence of stable ex- 
perimental hypertrophy by Lindenmayer et al.25 and 
gains support from the findings of Chidsey et al.22 of 
normal mitochondrial function in human cardiac hy- 
pertrophy and failure states. Another insight into the 
energy production of mitochondria may be gained 
from measurements of high-energy phosphate stores 
(ATP and creatine phosphate) in various experimen- 


tal models of hypertrophy and congestive heart fail- 
ure. It is generally accepted from these studies29.30 
that the energy stores are either normal or slightly 
reduced in the face of hypertrophy and congestive 
heart failure, thus obviating depleted energy stores 
as the biochemical mechanism mediating depressed 
myocardial contractility. 

Increased energy utilization in hypertrophied, 
failing myocardium:, Increased energy utilization 
(ATP and creatine phosphate degradation) by myo- 
fibrils and a dissociation of the usual relation be- 
tween velocity of contraction and MVO» offers an 
alternative explanation for the observed increase in 
MVOs in the hypertrophied-failing myocardium. 
This hypothesis gains credence from the increased 
MVO: associated with tension development noted by 
Gunning and Coleman!? in hypertrophied muscles in 
the absence of congestive heart failure, and the re- 
ports of Chidsey et al.22 and Schwartz et al.27 of nor- 
mal mitochondrial energy production in stable hy- 
pertrophy. Of considerable interest are the results of 
Pool et al.,31 who measured the ATP utilization of 
metabolically blocked papillary muscles from this 
identical experimental preparation of hypertrophy. 
These investigators concluded that both contractility 
and ATP utilization were depressed in hypertrophied 
and failing myocardium. However, the experimental 
design used in this study made comparisons between 
muscles in normal and hypertrophy-failure groups 
difficult, and Pool et al. were unable to evaluate 
their ability to find significant differences in ATP 
utilization between the two groups because of the 
wide variations found in data from muscles of the two 
groups. 

The apparent dissociation between changes in the 
velocity of contraction and MVO; demonstrated in 
these data suggests that the state of hypertrophy 
may affect MVO»s not associated directly with the 
mechanical events of contraction.32 “Activation” 
MVO» in normal muscle has only been determined 
for stimulated unloaded muscle allowed to shorten 
against its own mass. Such conditions produced an 
"activation" MVOs of about 10 percent of maximal 
MVO» for isotonic contractions at a preload of 0.5 g. 
"Activation" MVOs was not determined during 
these experiments with hypertrophied-failing mus- 
cles, and thus the effects of hypertrophy on activa- 
tion MVO» remain unexplored. 

The derangement of metabolism also extended to 
the resting basal MVOs measurements in experimen- 
tal hypertrophy-failure, with a large increment in 
resting MVO» (measured separately from MVO» as- 
sociated with contraction). These findings are 
unique, since inotropic agents,15-33 as well as 
changes in length, do not affect basal MVOs.!4 How- 
ever, the mechanism for increased resting metabo- 
lism is not elucidated in our data. 

Myocardial hypertrophy vs. failure as factors in 
altered myocardial metabolism: Our data demon- 
strate a unique increase in the MVO» cost of devel- 
oping tension in the hypertrophied-failing myocar- 
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dium. The state of hypertrophy induced by pressure 
overload apparently is the common denominator for 
this altered myocardial metabolism, since about the 
same level of increased metabolism was noted in hy- 
pertrophy without failure, although the effects and 
grading of depressed contractility are apparently in- 
fluenced by the development of congestive heart fail- 
ure. Our data do not suggest a mechanism for de- 
pressed myocardial contractility in hypertrophy and 
failure induced by pressure overload. One possible 
factor has been investigated at length by Schwartz,3* 
who proposes abnormalities in the calcium-binding 
properties of the sarcoplasmic reticulum as a subcel- 
lular mechanism for altered contractility. Similarly, 
our data do not provide a subcellular mechanism for 
the increased MVOs, and this subject must remain a 
matter for further investigation. Any additional 
energy (ATP) produced through enhanced glycolytic 
pathways in hypertrophied muscles? would not be 
measured by present techniques. 

Subsequent investigations by Cooper et al.35 were 
undertaken to characterize mitochondrial respiratory 
indexes and papillary muscle MVOs in the same 
pressure hypertrophied right ventricular myocar- 
dium. The presence of right ventricular hypertrophy 
without failure was associated with an increase in 
nonphosphorylating state 4 QO» from 12.6 + 0.8 na- 
toms/mg per min (control) to 19.7 + 1.3 (P «0.01). 
A linear relation was established between increased 
state 4 mitochondrial respiration and increased iso- 
metric MVO» of papillary muscles removed from the 
same hypertrophied right ventricles (r = 0.91). Thus, 
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these observations suggest that the mechanism for 
the paradoxical increase in MVO» in hypertrophy 
secondary to a pressure overload is an increase in 
nonphosphorylating state 4 mitochondrial respira- 
tion. 

Four experiments exploring the effects of acetyl- 
strophanthidin on myocardial mechanics and oxygen 
consumption in the presence of experimental hyper- 
trophy were performed. The augmentation of me- 
chanical contractile events, such as velocity of con- 
traction under isotonic conditions as well as in- 
creased force development in isometric contractions, 
was noted in each experiment. Further increments in 
MVO»s above the increment associated with the hy- 
pertrophy-failure state were found (Fig. 7). 

Clinical implications: Our findings in experimen- 
tal myocardial hypertrophy may have clinical rele- 
vance to patients with myocardial hypertrophy and 
congestive failure induced by pressure overload. The 
increased oxygen cost of tension development in the 
hypertrophied myocardium offers a potential physio- 
logic mechanism whereby an imbalance between 
oxygen supply and oxygen demand may be induced 
with the precipitation of ischemic pain (angina pec- 
toris). A classic example may be the patient with 
aortic stenosis who commonly has angina pectoris in 
the presence of normal coronary arterial anatomy. 
The effects of digitalis glycosides in further aug- 
menting the MVOs of hypertrophied myocardium 
may, in some cases in which oxygen delivery is at- 
tenuated by coronary artery disease, be detrimental 
to the overall clinical situation. 
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Cardiac function in clinical heart disease is governed by ventricular 
(1) preload, (2) contractility, (3) afterload, (4) heart rate, and (5) 
dyssynergy. The major types of pathophysiologic abnormalities in- 
clude inotropic disturbances, systolic mechanical pressure and vol- 
ume overloads and diastolic mechanical ventricular underloading. In 
contractility and systolic mechanical disorders, the cardiac compen- 
satory mechanisms of (1) Frank-Starling principle, (2) ventricular hy- 
pertrophy, and (3) sympathetic nervous system furnish substantial but 
limited protective reserve for maintaining cardiac output. Assess- 
ment of cardiac performance by pump (hemodynamics) and muscle 
(isovolumic and ejection mechanics) characteristics, including mea- 
surements of inotropic indexes of contractile force and velocity prop- 
erties, provides quantitative analysis of ventricular function determi- 
nants and compensatory system interactions in heart disease. 

Congestive heart failure is compensated when resting cardiac out- 
put is maintained at normal levels by the adaptive reserves with their 
deleterious early effects: dyspnea (preload rise), angina pectoris (in- 
creased mass) and tachycardia (adrenergic activity). Decompensat- 
ed congestive heart failure is the inability of the heart to deliver nor- 
mal basal cardiac output with attendant late symptoms of fatigue at 
rest and body organ failure despite maximal use of protective re- 
serves. The compensatory responses utilized and the critical level of 
depressed contractility causing decompensation are dependent on 
the specific pathophysiologic condition. Thus, the fundamental vari- 
able in congestive heart failure is inotropic integrity of which its ab- 
normal degree determines decompensation in chronic heart disease. 
Compensation can be sustained by reserve mechanisms at a lower 
inotropic state in cardiomyopathy than in systolic mechanical disor- 
ders in which volume overload can be compensated for at a more 
depressed level of contractility than pressure overload. The standard 
classification of clinical function in congestive heart failure is based 
more on early symptoms consequent to secondary adjustments 
(compensatory mechanisms) than on disturbances of the primary 
factors of decompensation: cardiac output (crucial hemodynamic 
variable) and contractility (the fundamental determinant). 


Recent findings obtained from experimental and clinical studies on 
the control of force and velocity of ventricular contraction have made 
clear that the function of the intact heart is normally governed by 
intimate integration of four principal determinants that regulate 
stroke volume and cardiac outputi-3: (1) preload (ventricular end- 
diastolic volume), (2) contractility (variable force of ventricular con- 
traction independent of loading), (3) afterload (intraventricular sys- 
tolic tension during ejection), and (4) heart rate. The first two deter- 
minants are fundamental intrinsic mechanisms inherent in the con- 
tractile machinery of the myocardium; the latter two are largely 
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under extrinsic autonomic modulation. When con- 
sidering cardiac function in certain disorders, it is 
important to add a fifth determinant, one that ad- 
versely affects ventricular performance*: (5) dyssyn- 
ergy or abnormal temporal sequence of ventricular 
contraction. 

The terms cardiac function and ventricular perfor- 
mance are used in the general sense to refer to com- 
bined action of these determinants of cardiac output 
and not necessarily to the single determinant, con- 
tractility itself. The disturbed mechanisms operative 
in all types of clinical heart disease can be evaluated 
and accurately characterized within the framework 
of isolated or composite disorders of these five major 
determinants of cardiac performance. The recent de- 
velopment of improved techniques and concepts for 
the assessment of cardiac function in patients by 
both hemodynamic methods?-1! and myocardial me- 
chanics?:3-12-15 has provided the means for differen- 
tial analyses of the nature and degree of importance 
of the roles of each of these fundamental determi- 
nants and their interrelations with cardiac compen- 
satory mechanisms governing stroke output in heart 
disease. 


Contractile and Mechanical Abnormalities 


Clinical heart disease can be broadly classified on 
a pathophysiologic basis according to three general 
types of cardiac functional abnormalities: (1) pri- 
mary contractility disturbance, as in idiopathic or 
ischemic myocardial disease; (2) diastolic mechani- 
cal inhibition of cardiac performance (ventricular 
underloading) in which left ventricular hypertrophy 
does not develop, as in restricted ventricular filling 
in mitral stenosis or pericardial tamponade; and (3) 
systolic mechanical ventricular overloading charac- 
terized by excessive pressure loading, as' in aortic 
stenosis or essential hypertension, or increased vol- 
ume loading, as in mitral or aortic regurgitation. 
Congestive heart failure in systolic ventricular over- 
loading and in primary inotropic disorders occurs 
when there is substantial depression of contractility; 
decompensation ensues when the impairment of con- 
tractile state becomes particularly severe.2 


Contractility 


In the evaluation of the principal determinants of 
cardiac performance in heart disease, it has been 
possible to measure precisely ventricular preload 
(end-diastolic pressure, volume and tension)!? and 
afterload (Laplace relation in which systolic tension 
is directly equated with the product of ventricular 
systolic pressure and radius and inversely related to 
wall thickness)!? and to characterize the nature and 
extent of dyssynergy.* However, it has been consid- 
erably more difficult to assess accurately the con- 
tractile state of the intact human heart. 

Pump and muscle performance characteristics: 
There are two general approaches to the evaluation 
of contractility and function of the heart: its (1) 
pump (hemodynamics) and (2) muscle (mechanics) 


performance characteristics. In the traditional ap- 
proach of pump analysis, qualitative examination of 
directional differences in inotropism are provided by 
the standard hemodynamic variables of cardiac out- 
put, stroke volume, systolic ejection rate and ven- 
tricular end-diastolic pressure and the more complex 
measurements of ventricular end-diastolic volume, 
ejection fraction, stroke work, stroke power and ven- 
tricular mass in the basal state and also by their 
evaluation within the background of the Frank-Star- 
ling principle of ventricular function curves relating 
systolic performance to preload.2.3.10.16 

More recently it has become possible to quantify 
contractility clinically by the second approach, in 
terms of muscle mechanics that describe the force, 
velocity and length properties of the ventricular 
myocardium. In the numerical assessment of con- 
tractile state, the mechanical events occurring dur- 
ing both the isovolumic and ejection phases of sys- 
tole have been characterized. Thus, measures of ino- 
tropic state have been developed along two general 
lines: (1) isovolumic indexes utilizing dP/dt (rate of 
rise in ventricular pressure)!3 and (2) ejection index- 
es employing Vcr (circumferential fiber-shortening 
rate).12 

Ejection and isovolumic indexes of contractile 
state: At present, there is considerable discussion 
concerning the advantages and limitations of derived 
variables in the examination of contractile state. Be- 
cause it has been difficult to evaluate the validity 
and sensitivity of various indexes of contractility in 
the intact heart since there is no standard measure 
of this property of the myocardium with which they 
can be compared, much of the discussion has con- 
sisted of circular reasoning. Nevertheless, certain 
isovolumic and ejection mechanical indexes appear 
to provide quantitative data that permit estimation 
and comparison of basal contractile state among dif- 
ferent patients. The ejection measures include Vcr 
at peak tension!2 and mean Vcr determined angio- 
graphically? and by echocardiography.18 

The isovolumic indexes applicable in interpatient 
studies include (1) (dP/dtcpip)/LVEDVI,13 in 
which CPIP is developed isovolumic pressure com- 
mon to each ventricle (usually 50 mm Hg), and 
LVEDVI is left ventricular end-diastolic volume 
index; (2) extrapolated Vmax (maximal Vcg) from 
total pressure-velocity curvesi4.19.20 using Vcg (con- 
tractile element velocity) calculated as (dP/dt3/ 
(K-IP) in which K is the series elastic stiffness con- 
stant and IP is total isovolumetric pressure; (3) peak 
measured Vcg (Vpm)?! also calculated as (dP/dt)/ 
(K-IP); and (4) extrapolated Vmax (or Vcr at 10 
mm Hg of developed pressure) from developed pres- 
sure-velocity curves??:23 employing developed pres- 
sure for IP in the Vcg equation. Although physiologic 
changes in preload, compliance variations, dyssyner- 
gy, nonisovolumic systole (mitral regurgitation) and 
segmental necrosis may considerably affect loaded 
Vce before aortic valve opening, the accompanying 
alterations of the slope of the total and developed 
pressure-Vc~ curves are such that extrapolated 
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Vmax is undisturbed or minimally influenced.3.24-28 
Thus it now appears that the problems previously 
cited largely represent “‘biological noise" concerning 
the clinical application of Vmax from isovolumic 
pressure-velocity curves as an index estimating con- 
tractile state. On the other hand, the use of peak 
measured Vcg (Vpm) in these situations is limited 
since loaded Vcr is substantially affected. Also, in 
these particular conditions there may appropriately 
be marked disparity between ventricular hemody- 
namic performance and contractility assessed as 
Vmax.?9 

Depression of contractility and congestive heart 
failure: Of the five principal determinants of cardiac 
function, one of the basic concepts formulated in this 
report is that the fundamental abnormality in con- 
gestive heart failure due to myocardial disease or 
mechanical systolic overload is depression of ventric- 
ular contractility.? The final clinical expression of 
deteriorating cardiac performance due to severely 
impaired contractile state is the inability of the 
heart to maintain a normal cardiac output in the 
basal state despite a marked increase in ventricular 
filling pressure39.31; decompensated congestive heart 
failure (functional class IV, New York Heart Associ- 
ation classification). Compensated congestive heart 
failure occurs when ventricular function is depressed 
with moderately reduced contractile state but the 
resting cardiac output is preserved with a marked 
(class III) or moderate (class II) increase in pulmo- 
nary and systemic venous pressures. Lesser degrees 
of cardiac and inotropic dysfunction are-observed in 
primary and secondary ventricular hypertrophy 
without heart failure when a normal cardiac output 
is maintained in the absence of circulatory conges- 
tion (class I). 


Compensatory Mechanisms 


When systolic pressure or volume overloading or a 
primary defect in contractility is imposed upon the 
heart, there are three principal compensatory mech- 
anisms available to it which provide a limited 
amount of ventricular reserve for the direct support 
of cardiac function and its fundamental goal of 
maintaining a normal resting level of cardiac output: 
(1) Frank-Starling principle, (2) ventricular hyper- 
trophy, and (3) sympathetic nervous system.?:?! Del- 
eterious symptoms necessarily accompany the opera- 
tion of these compensatory mechanisms in their pri- 
mary role of sustaining basal stroke volume, and 
these symptoms restrict the extent to which the 
adaptive systems can be employed. 

Frank-Starling principle: The Frank-Starling 
preload mechanism of ventricular dilation is imme- 
diately utilized to aid the ventricle in maintenance 
of cardiac output in the presence of an excessive sys- 
tolic hemodynamic (particularly volume) overload or 
primary inotropic disturbance (Fig. 1). The in- 
creased end-diastolic volume permits more forceful 
contraction, and the greater ventricular size allows 
ejection of a larger stroke volume with less shorten- 
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FIGURE 1. Operation of the Frank-Starling mechanism in the 
preload compensation for heart failure. The three curves repre- 
sent ventricular function curves in normal, congestive heart fail- 
ure (CHF) and heart failure after treatment with digitalis. Points 
N through D indicate in sequence: depression of contractility 
with decompensated heart failure (A), Frank-Starling compen- 
sation (B), increase in contractility with digitalis (C), and reduc- 
tion in use of Frank-Starling preload compensation which digi- 
talis allows (D). Points N, D and B indicate the same cardiac out- 
put on the vertical axis, but each point is at a different end- 
diastolic pressure on the horizontal axis. The excessive end- 
diastolic pressures causing congestive symptoms and the low- 
ered levels of cardiac performance resulting in low output 
symptoms are shown by the hatched areas. 


ing extent of the circumferential fibers. On the other 
hand, the effectiveness and the reserve capacity of 
the Frank-Starling system are encroached upon 
when contractile state is diminished, since its as- 
cending limb becomes less steep and flattened with 
its apex decreased in amplitude so that the reduced 
maximal stroke volume possible must be delivered at 
an abnormally high level of end-diastolic pressure 
(Fig. 1). Thus, the failing ventricle in patients has a 
lowered and depressed function curve and exhibits 
decreased systolic response to preload increments.1® 
Further, operation of the Frank-Starling preload 
mechanism by the ventricles for maintaining cardiac 
output is obligatorily associated with pulmonary and 
systemic congestion and increased myocardial systol- 
ic tension; thus, the price for use of this reserve sys- 
tem is dyspnea and peripheral edema and increased 
cardiac oxygen needs. 

The clinically dysfunctioning left ventricle does 
not usually perform for long periods of time on the 
descending limb of the Frank-Starling curve, al- 
though the descending portion can be demonstrated 
in severe failure by interventions that transiently 
augment preload.3? Importantly, in chronic left ven- 
tricular dilation, excessive muscle fiber stretch does 
not result in disengagement of the actin-myosin 
overlap region in the sarcomere but rather causes 
slippage among myofibrils,?? thereby aiding the pre- 
load mechanism in developing systolic tension with- 
out reducing the number of cyclic interactive force- 
generating sites among the contractile proteins. Fur- 
ther, hypertrophy occurring concomitantly in the 
chronically dilated ventricle results in longer myofi- 
brils with more sarcomeres in series; therefore, at in- 
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FIGURE 2. Representative clinical comparison of the left ven- 
tricular pressure-velocity relation at 5 msec intervals during 
isovolumic contraction in the normal heart (N) and in aortic ste- 
nosis with left ventricular hypertrophy without failure (LVH) and 
with failure (LVF). Contractile element velocity (Vcg) is ex- 
pressed in muscle lengths (ML)/sec. IP in the Vcg equation'!^ 
and pressure on the horizontal axis are total isovolumic pres- 
sure. The diagonal broken lines indicate extrapolation of the 
isovolumic segments to Vmax (Vcg at zero load). Vpm = peak 
measured Vor. 


creased end-diastolic volumes there is greater total 
extent of ventricular thick and thin filament inter- 
face as well as retention of some preload reserve 
within the sarcomeres. 34 

Ventricular hypertrophy: Increase in the number 
of contractile units by development of ventricular 
hypertrophy provides a relatively quickly responsive 
second compensatory system in support of cardiac 
output in systolic mechanical (particularly pressure) 
overloading and in contractile state impairment. 
Thus, protein synthesis is stimulated by excessive 
intramyocardial tension which appears to serve as 
the mechanical-biochemical transducer or coupling 
mechanism responsible for accelerated production of 
ventricular mass.1°.35.36 Since extensive ventricular 
hypertrophy results in relative myocardial ischemia 
due to cardiac oxygen demands in excess of delivery 
capacity of even the normal coronary circulation, an- 
gina pectoris may attend marked use of the hyper- 
trophy reserve mechanism. In addition to the in- 
crease in oxygen requirements because of greater 
muscle mass, myocardial oxygen utilization is also 
enhanced by the Frank-Starling and adrenergic 
adaptive mechanisms. Thus, at a given ventricular 
mass, myocardial oxygen consumption is principally 
determined directly by three hemodynamic vari- 


ables?7.38: (1) intramyocardial systolic tension (gov- 
erned mainly by systolic pressure and cardiac size), 
(2) heart rate, and (3) contractile state; ventricular 
dilation and increased sympathetic activity raise the 
first two of these factors above normal levels in heart 
disease. 

In adult patients with compensated primary and 
secondary ventricular hypertrophy, it has recently 
been shown that even before the onset of circulatory 
congestion, contractile state is moderately reduced 
as measured by total isovolumic pressure, Vmax, 
peak measured Vcg and (dP/dtcpip)/LVEDVI ino- 
tropic indexes?? (Fig. 2). In comparison, contractility 
is markedly decreased in patients with ventricular 
hypertrophy and congestive heart failure. Thus clini- 
cally, as well as experimentally,49.*! there is a spec- 
trum of decreasing contractile state between ventric- 
ular hypertrophy without failure and hypertrophy 
with decompensated failure, the latter condition 
manifest by a low basal level of cardiac output de- 
spite a marked increase in end-diastolic pressure. Al- 
though the hypertrophy adaptive system is associ- 
ated with some decline in contractility per muscle 
unit, cardiac compensation with normal cardiac out- 
put at rest is supported by generation of additional 
myocardial contractile units, so that stroke volume is 
maintained with moderately increased end-diastolic 
pressure. The concept is developed that inotropic in- 
tegrity is the crucial determinant of congestive heart 
failure; when this fundamental property (contractili- 
ty) becomes too severely depressed in systolic me- 
chanical overload or primary myocardial disease, 
cardiac decompensation results (low basal cardiac 
output with poor organ perfusion and resting fa- 
tigue) in spite of maximal use of all three compensa- 
tory mechanisms with their consequent effects of 
marked circulatory congestion and additional associ- 
ated symptoms. 

Sympathetic nervous system: Besides ventricular 
dilation and hypertrophy reserves, the dysfunction- 
ing heart has immediately available some inotropic 
support provided by adrenergic activity. Thus, the 


1. Normal 





2. LVH + digitalis 
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FIGURE 3. Ventricular function curves relating cardiac output to 
left ventricular end-diastolic pressure (LVEDP) in the normal 
heart (1), left ventricular hypertrophy (LVH) with (2) and with- 
out (3) digitalis, and in left ventricular failure (LVF) (4). Points 
A, B, C and D on these curves indicate the level of LVEDP (ver- 
tical broken lines) necessary to achieve normal resting cardiac 
output (horizontal broken line). 
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FIGURE 4. Effects of digitalis on 
force-velocity relations in the 
isovolumic left ventricle of the nor- 
mal heart (A), left ventricular hy- NN 
pertrophy (LVH) (B) and left ven- TENSION * 
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ventricles are richly innervated by sympathetic fibers 
in which increased impulse traffic, through release of 
its endogenous neurotransmitter, norepinephrine, 
and consequent myocardial beta receptor stimula- 
tion, is capable of improving contractility and in- 
creasing frequency of contraction. There is abundant 
evidence that sympathetic activity is augmented in 
congestive heart failure.42 Paradoxically, however, 
norepinephrine is reduced in the hypertrophied myo- 
cardium?-4* because of its defective synthesis,*° and 
the dysfunctioning ventricle is largely deprived of 
this rapidly responsive compensatory mechanism.*® 
Thus, the abnormally performing ventricle clinically 
shows increased impairment of the contractile state 
during cardiac sympathetic stimulation accompany- 
ing leg exercise! and forearm isometric*?:*? exercise. 
On the other hand, adrenergic support is partially re- 
stored to the failing heart as the result of increased 
circulating norepinephrine because of its increased 
synthesis in the peripheral vasculature*? and adrenal 
medulla.99 The symptoms accompanying utilization 
of sympathetic assistance include tachycardia, 
tachyarrhythmias and those due to redistribution of 
peripheral blood flow such as excessive sweating, 
cool skin and oliguria. 

Mechanism of response and rationale of use of 
digitalis: Concerning the response of contractility 
mechanisms in the failing heart, the absolute incre- 
ment response is reduced to positive inotropic stimu- 
lation by digitalis, increasing heart rate and paired 
electroaugmentation in the chronically systolic pres- 
sure-overloaded ventricle.49 However, in this condi- 
tion, the chronically catecholamine-depleted myo- 
cardium demonstrates supersensitivity to blood- 
borne norepinephrine.4? After acute depression of the 
normal ventricle by anesthesia or by beta adrenergic 
blockade, the positive inotropic response to digitalis 
is enhanced.?! In contrast, in the acutely depressed 
hypoxic myocardium, the ability of digitalis to in- 
crease contractile state is impaired.92.53 

The finding that contractile state is reduced in the 
hypertrophied and dilated ventricle without overt 
congestive heart failure®® establishes the rationale 
for the application of digitalis in certain patients in 
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this setting.94 Thus, the glycoside elevates the de- 
pressed hypertrophied ventricular function curve 
toward normal so that cardiac output remains at a 
normal level with considerably less increase in end- 
diastolic pressure (Fig. 3). Thereby exertional dys- 
pnea is relieved and there is sparing of Frank-Starl- 
ing reserve, as well as diminished use of the hyper- 
trophy and adrenergic compensatory systems. In ad- 
dition, the favorable effects of digitalis on the con- 
servation of cardiac reserve mechanisms in nonfail- 
ing hypertrophy and in the failing heart can be ap- 
preciated within the ventricular force-velocity per- 
spective?9 (Fig. 4). Also, it has been shown experi- 
mentally that the positive inotropic support provid- 
ed by digitalis is capable of reducing the degree of 
ventricular hypertrophy resulting from chronic pres- 
sure overload.99$ In regard to myocardial oxygen re- 
quirements of the failing heart and digitalis, it is im- 
portant to point out that, despite the increased oxy- 
gen cost of increasing contractile state per se,9" the 
overall glycoside effect is to improve cardiac efficien- 
cy and reduce myocardial oxygen consumption since 
the predominant indirect action of the agent is to 
diminish heart size, thereby decreasing intramyocar- 
dial systolic tension?" (Fig. 5). 


Primary vs. Secondary Hypertrophy 


'The inotropic state and compensatory mechanisms 
in primary cardiomyopathy have recently been com- 
pared to those in ventricular hypertrophy secondary 
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1. Intramyocardial 
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(~LV pressure x volume ) 
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3. Heart Rate Y l 
Overall MVO, 4 H 


FIGURE 5. Effects of digitalis on the major hemodynamic-relat- 
ed determinants of myocardial oxygen consumption (MVO;) in 
the normal and failing heart (CHF). 
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FIGURE 6. Compensatory mechanisms for maintaining normal 
cardiac output in chronic primary and secondary left ventricular 
hypertrophy (LVH). LV = left ventricle; LVEDV = left ventricu- 
lar end-diastolic volume. 


to chronic pressure overloading in aortic stenosis.58 
The possibility was considered that quantitative dif- 
ferences in contractility and utilization of reserve 
mechanisms might exist between the primarily and 
secondarily hypertrophied ventricles. The results of 
this investigation are shown in Figure 6 in which the 
contractile s&ate and compensatory systems for car- 
diac output maintenance are compared in patients 
with these two lesions. In response to pressure over- 
load in compensated aortic stenosis, the ventricle 
principally employs the hypertrophy mechanism for 
supporting cardiac output. Although the inotropic 
state of this secondarily hypertrophied muscle is 
somewhat diminished,®*®° cardiac output is sus- 
tained in chronic excessive pressure loading by de- 
velopment of more contractile units without increas- 
ing end-diastolic volume.91.62 

In contrast, in patients with compensated cardio- 
myopathy who have depressed inotropism as the 
basic derangement, cardiac output is maintained by 
operation of both the Frank-Starling and hypertro- 
phy compensatory mechanisms55.93-65 (Fig. 6). In 
these patients, normal cardiac output and, thereby, 
compensation are accomplished although the con- 
tractile state is more greatly depressed than in aortic 
stenosis, since in cardiomyopathy the ventricle does 
not eject against a severe mechanical abnormality 
opposing the velocity and extent of fiber shortening. 
In decompensated congestive heart failure due to 
primary myocardial disease, cardiac output is re- 
duced when the contractile state becomes further de- 
pressed to a very low level despite additional maxi- 
mal utilization of dilation and hypertrophy compen- 
sation. In aortic stenosis, there is decompensation 
with decline of cardiac output when the adverse ef- 
fects of chronic left ventricular outflow obstruction 
on the myocardium reduce contractility more than in 
the compensated state, in spite of further marked 
hypertrophy and, with the onset of decompensated 
failure, the development of ventricular dilation. 
Thus, compensation is maintained in cardiomyopa- 
thy and aortic stenosis by relatively dissimilar de- 
grees of use of preload and hypertrophy reserve 
mechanisms. Decompensation occurs when normal 
basal cardiac output cannot be delivered because the 
contractile state has fallen below a certain critical 
level in both primary hypertrophy and hypertrophy 


secondary to chronic pressure overloading; this criti- 
cal level is lower in primary cardiomyopathy. 


Pressure vs. Volume Overload 


In further clinica! studies, contractility and com- 
pensatory mechanisms were compared in adult pa- 
tients with chronic ventricular pressure and volume 
overloading.?.10.93.65-67 Importantly, in compensated 
volume overload due to long-standing mitral or aor- 
tic regurgitation, contractility is more depressed 
than in chronic aortic stenosis? (Fig. 6). In addition, 
in long-term volume overload, cardiac output is 
maintained by both the dilation and hypertrophy 
mechanisms whereas compensation is obtained by 
marked use of hypertrophy reserve alone in aortic 
stenosis. However, preload remains highly important 
for maintenance of cardiac output in the hypertro- 
phied nondilated ventricle, as evidenced in this con- 
dition by the function of atrial systole as a booster 
pump for enhancement of ventricular filling in late 
diastole.95 The finding that, in chronic left ventricu- 
lar dilation, conversion of atrial fibrillation to normal 
sinus rhythm usually does not substantially increase 
cardiac output represents poor atrial contraction and 
reduced Frank-Starling reserve in this setting. 

In both chronic volume overloading and primary 
cardiomyopathy, Frank-Starling and hypertrophy re- 
serves are used to maintain cardiac output (Fig. 6). 
Decompensated heart failure occurs when there is 
further reduction in contractility, but to a lesser de- 
gree in volume overloading than in cardiomyopathy. 
Thus, resting cardiac output cannot be maintained 
at a normal level when contractile state declines to a 
precarious value: This crucial inotropic level is low- 
est in primary cardiomyopathy, intermediate in 
chronic volume overloading and least reduced (but 
considerably diminished compared to normal) in 
chronic excessive ventricular pressure loading.39.58.67 

Acute vs. chronic volume and pressure over- 
load: It is of interest that in short-term studies of 
volume overload in experimental animals, there has 
been marked ventricular dilation with minimal hy- 
pertrophy and little adverse effect on contractile 
state.99.79 These findings are in contrast to results of 
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FIGURE 7. Relations between changes in stroke volume index 
(ASVI) and LVEDP which accompanied supine exercise after 
aortic valve (V.) (A), mitral valve (B) and combined aortic and 
mitral valve (C) replacement. Each arrow and closed circle in- 
dicates the changes which occurred in individual patients (pts). 
Hatched area shows range of values observed in normal 
subjects. (Reproduced by permission of the American Heart 
Association, Inc. from Mason, et al.7?). 
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experimental studies on ventricular pressure over- 
load for short periods in which hypertrophy is se- 
vere and contractility at least moderately de- 
pressed.40:41,:71 Thus, in hemodynamic overload of 
relatively short duration, volume overload does not 
encroach upon contractile state to the same degree as 
in excessive acute pressure loading. However, the re- 
verse is the case in long-standing hemodynamic over- 
load: There is substantially greater reduction of ino- 
tropic state in chronic volume overloading than in 
chronic pressure overloading.® Also, the depression of 
left ventricular contractile state in patients is less re- 
versible after operative correction of the mechanical 
abnormality in chronic volume overloading than after 
correction of a long-standing excessive pressure bur- 
den?? (Fig. 7). It is likely that with excessive myofi- 
brillar slippage occurring in the chronically dilated 
and overstretched ventricle, contractile state be- 
comes markedly and largely irreversibly depressed. 
On the basis of these observations in acute and 
chronic hemodynamic overload, depression of inotro- 
pic state is temporally closely associated with devel- 
opment of hypertrophy secondary to pressure over- 
loading, probably more so in adults than in chil- 
dren/?; by contrast, in ventricular dilation a sub- 
stantial period of time is necessary for depression of 
contractility which eventually becomes more severely 
impaired than in chronic pressure overload. 

From these data, it is suggested that the basic ab- 
normal physiologic variable in chronic congestive 
heart failure is depressed contractility (impaired pri- 
marily or by hemodynamic overload secondarily), 
and that normal resting cardiac output can be 
achieved by use of reserve mechanisms until contrac- 
tile state becomes depressed below a critical level. 
Decompensated congestive heart failure is defined as 
the inability of the heart to maintain normal cardiac 
output in the basal state. Within the spectrum of 
clinical pathophysiology, chronic systolic mechanical 
abnormalities themselves do not cause decompensa- 
tion; rather, the consequent degree of inotropic dis- 
turbance appears to be the decisive determinant 
precipitating decompensated heart failure. The com- 
pensatory mechanisms and the extent to which they 
are utilized differ in primary myocardial disease and 
systolic mechanical overload, and the depressed level 
of contractile state below which normal cardiac out- 
put cannot be maintained depends upon the chronic 
pathophysiologic process involved. The degree of ino- 
tropic reserve prior to the onset of decompensation is 
progressively greater in, respectively, systolic pres- 
sure overloading, systolic volume overloading and 
primary cardiomyopathy. 


Comparison of Volume Overloads 


Aortic vs. mitral regurgitation: The recent recog- 
nition that alterations in instantaneous impedance 
to ejection and ventricular fiber tension during ejec- 
tion (afterload) are important determinants of the 
dynamics of cardiac contraction?* has provided ap- 
preciation of differences in cardiac performance in 
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FIGURE 8. Comparison of instantaneous left ventricular wall 
tension at 5 msec intervals in a normal heart, ventricular septal 
defect (VSD) and patent ductus arteriosus (PDA) in an open 
chest canine preparation utilizing external left to right shunts. 
The ventricular septal defect and patent ductus arteriosus were 
separately, acutely induced and compared at equal 2:1 pulmo- 
nary to systemic flow ratios. Aortic valve opening is indicated by 
the solid arrows (left) and aortic closure by the broken arrows 
(right). 


conditions of systolic mechanical volume over- 
loading. Thus in mitral compared to aortic regurgi- 
tation with equivalent total and effective stroke vol- 
umes, left ventricular function is more disturbed 
with greater end-diastolic pressure and volume in 
aortic regurgitation. In the latter entity, the entire 
total stroke volume must be delivered into the physi- 
ologically high pressure ascending aorta, whereas the 
regurgitant volume in mitral insufficiency is immedi- 
ately ejected into the low pressure left atrium.** 
These findings concerning the greater afterload bur- 
den operative on the left ventricle in aortic incompe- 
tence emphasize the clinical observation of poorer 
cardiac tolerance in this condition chronically with 
marked extent of utilization of preload and hypertro- 
phy reserves, contrasted to chronic mitral insuffi- 
ciency in which similar systolic volume overload is 
accompanied by considerably less ventricular mass 
and systolic tension or afterload. 

Ventricular septal defect vs. patent ductus ar- 
teriosus: In additional studies on differences in car- 
diac performance in systolic volume overloading, it 
has been shown that left ventricular function is sub- 
stantially less compromised in ventricular septal de- 
fect than in patent ductus arteriosus at the same 
level of abnormally increased pulmonary blood 
flow.75 Thus, in ventricular septal defect the shunted 
flow is ejected directly into the low pressure right 
ventricle, whereas in patent ductus arteriosus the 
entire left ventricular stroke output must be ejected 
into the high pressure aorta prior to shunting. 
Therefore, at identically elevated pulmonary to sys- 
temic flow ratios, in patent ductus arteriosus the left 
ventricular end-diastolic pressure and volume are 
greater, duration of ejection is prolonged and ven- 
tricular ejection rate and fraction are less increased 
and there is greater ventricular midwall systolic ten- 
sion, contractile element work and power than in 
ventricular septal defect?? (Fig. 8). In ventricular 
septal defect the lesser increase of end-diastolic pres- 
sure and volume, greater increase in ejection rate 
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FIGURE 9. Ribonucleic acid (RNA) (A and B) and protein (C 
and D) synthesis in free walls of right (A and C) and left ventri- 
cles (B and D) of sham-operated dogs and dogs with pulmonary 
artery banding 24 hours postoperatively. RNA synthesis was de- 
termined by ?H-adenosine triphosphate incorporation into acid- 
insoluble material from nuclear preparation and protein synthe- 
sis by ?H-leucine incorporation into acid-insoluble material from 
postmitochondrial supernatant. Incorporation is expressed as 
counts/min per ug deoxyribonucleic acid (CPM/ug DNA). 


and fraction, lesser increase in tension early in sys- 
tole and in contractile element work and power 
throughout systole contrasted to patent ductus arte- 
riosus, and the shorter ejection period with more 
rapid fall in tension than normal in ventricular septal 
defect, are the result of greater reduction in instanta- 
neous impedance to left ventricular emptying in ven- 
tricular septal defect than in patent ductus.75-78 

From these observations concerning the dynamics 
of ventricular contraction, ventricular septal defect is 
similar to mitral regurgitation and patent ductus ar- 
teriosus is similar to aortic regurgitation. Thus, al- 
though each of these four conditions of systolic vol- 
ume overload encroach on ventricular performance, 
cardiac function is more disturbed in aortic insuffi- 
ciency and patent ductus arteriosus. Further, since 
resistance to ejection is more reduced in mitral re- 
gurgitation and ventricular septal defect, their inte- 
grated ventricular systolic tension is similar to nor- 
mal whereas left ventricular afterload is substantial- 
ly increased above normal in aortic regurgitation and 
patent ductus.*4-7° In regard to myocardial oxygen 
consumption, cardiac energy costs are considerably 
greater in pressure overloading in which ventricular 


systolic tension and afterload are markedly increased 
than in volume overloading.38-79-82 Further, compar- 
ing different types of systolic volume overloads in 
those conditions in which impedance offered to ejec- 
tion is considerably reduced, such as mitral regurgi- 
tation and ventricular septal defect, there is a small- 
er increase in cardiac oxygen requirements than in 
those conditions in which systemic resistance is de- 
creased by a smaller degree as in patent ductus and 
aortic regurgitation. 

Systolic pressure overloading: It is likely that 
important differences in ventricular dynamics also 
pertain in comparison of various types of systolic 
pressure overload. Thus quantitative dissimilarities 
in ventricular mechanics, loading, contractility, oxy- 
gen consumption and utilization of compensatory 
mechanisms are suggested in different types of aortic 
stenosis, coarctation of aorta and systolic and dia- 
stolic hypertension. Although pure systolic hyperten- 
sion due to diminished aortic compliance has been 
generally regarded as unimportant in the develop- 
ment of ventricular dysfunction, recent evidence in- 
dicates that this condition increases cardiac outflow 
impedance and systolic tension during ejection, 
thereby raising ventricular afterload.53 Whereas the 
response to acute pressure overload includes ventric- 
ular dilation,*!.54.55 in chronic conditions of in- 
creased pressure loading compensation is maintained 
with delivery of normal stroke output by utilization 
of hypertrophy reserve alone.41.61.62 


Left Ventricle in Right Heart Overload 


It has been traditionally considered that the left 
ventricle is uninvolved in conditions of purely right 
ventricular systolic hemodynamic overloading. Re- 
cent experimental and clinical evidence, however, in- 
dicates that certain biochemical and functional 
changes take place in the unstressed left ventricle in 
primary right heart systolic mechanical overload. 
Thus, left ventricular norepinephrine is reduced, 40.86 
myofibrillar ATPase activity diminished’? and hy- 
droxyproline increased53 in conjunction with their 
greater alterations in the right ventricle in experi- 
mental pulmonic stenosis. Further, it has been 
shown that ribonucleic acid (RNA) and protein syn- 
thesis increase in the canine left ventricular free 
wall, in addition to greater increases in the right 
ventricle, one day after pulmonary arterial banding8? 
(Fig. 9). In these studies, right ventricular contrac- 
tile state was diminished and, interestingly, left ven- 
tricular inotropism tended to be reduced as well.99 
The mechanism for stimulation of hypertrophy in 
the unstressed ventricle appears to be the result of 
interconnecting muscle bundles between the two 
ventricles. 

In chronic cor pulmonale, a modest decrease in left 
ventricular contractile state has been suggested in 
some patients,?1.9?? although underloading of the left 
ventricle largely due to increased pulmonary vascu- 
lar resistance has been the only disturbance of left 
heart function in other patients with chronic pulmo- 
nary disease.93-?9$ In pure mitral stenosis, the left 
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ventricle, in addition to reduced filling, is sometimes 
associated with moderate decline in performance as 
a result of posterior-basal dyssynergy caused by ex- 
tension of mitral valvular chordae tendineae calcifi- 
cation into this area.97 Left ventricular function may 
be mildly reduced in clinical pulmonic valvular ste- 
nosis?8 and contractile state moderately depressed in 
tetralogy of Fallot.99 Also, there is a mild decrease of 
left ventricular function in large atrial septal de- 
fects,98:100,101 partly as a result of diminished left 
ventricular filling in some patients.1?! In the study of 
right and left ventricular function, the contractile 
state can be evaluated simultaneously in both cham- 
bers by isovolumic developed pressure-velocity curves 
which allow description of a descending limb at rela- 
tively small amplitudes of isovolumic pressure!?? 
(Fig. 10). 

In addition, ventricular distensibility is normally 
somewhat dependent on the degree of filling of the 
opposite ventricle. Large increases in right ventricu- 
lar diastolic volume lead to reduced compliance of 
the left ventricle due to the common interventricular 
septum.103-105 From all of these findings, it is clear 
that abnormalities in left ventricular function often 
accompany primary right ventricular systolic over- 
load. However, these changes in the unstressed left 
ventricle are usually mild in degree and unlikely to 
account for pulmonary congestion and left ventricu- 
lar decompensation. 


Conclusions 


The central theme to which principles formulated 
in this report are united is that the primary objective 
of the interaction of cardiac compensatory mecha- 
nisms with systolic hemodynamic and contractile 
state abnormalities in clinical heart disease is to 
maintain resting cardiac output at a normal level. 
The initial symptoms accompanying cardiac dys- 
function are related to the unfavorable side effects 
resulting from operation of preload, hypertrophy and 
sympathetic reserves in performance of their com- 
pensatory roles, and the late symptoms accompa- 
nying congestive heart failure are due to low cardiac 
output which is the last hemodynamic variable to 
become abnormal in the basal state when ventricular 
function is impaired. The amount of reserve these 
protective mechanisms provide for cardiac output 
support is inherently limited and, in addition, the 
deleterious symptoms attending their use restrict the 
extent to which they can be employed. When cardiac 
mechanical and contractile disturbances exceed the 
reserve of the compensatory mechanisms (contractil- 
ity being the critical variable), the heart is unable to 
maintain normal basal cardiac output (decompen- 
sated congestive heart failure). In compensated heart 
failure, pulmonary congestion results from increased 
use of the Frank-Starling mechanism of ventricular 
dilation prior to the reduction of cardiac output. 

Relation between altered hemodynamics and 
clinical manifestations: From these observations, 
the clinical manifestations of advancing heart failure 
develop initially (functional class II) with dyspnea on 
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FIGURE 10. Simultaneous right (RV) and left (LV) ventricular 
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more than ordinary activity (early use of Starling 
preload mechanism), fatigue with moderate or great- 
er activity (reduced response of cardiac output with 
exercise due to diminished contractility), exertional 
angina pectoris (ventricular hypertrophy with atten- 
dant rise in myocardial oxygen consumption) and 
excessive tachycardia and sweating with exercise 
(augmented sympathetic discharge). The clinical 
picture worsens (class III) with dyspnea, fatigue, an- 
gina, tachycardia and sweating with ordinary mild 
activity (further depression of contractile state with 
increased use of compensatory mechanisms). Finally, 
these symptoms become very severe and occur even 
at rest (class IV) with the addition of weakness, ca- 
chexia, mental confusion, oliguria and hypotension 
(due to reduced resting cardiac output and poor 
organ perfusion despite maximal use of all compen- 
satory mechanisms). Thus in functional class I (min- 
imal cardiac dysfunction without symptoms), class II 
(congestion with moderate activity) and in class III 
(congestion with mild activity), heart failure is com- 
pensated (normal basal cardiac output), and in class 
IV (congestion at rest) decompensation occurs (low- 
ered resting cardiac output). 

There may be considerable overlap between the 
relations of altered hemodynamics and clinical fea- 
tures. Thus, when diuretic therapy reduces conges- 
tive symptoms and concurrently reduces utilization 
of the Starling principle, class III symptoms may be 
converted to those of class II with reduced cardiac 
output at rest. Further, it is recognized that these 
functional classifications of patients comprise a con- 
tinuum rather than discrete categories. It is evident 
from these considerations of correlation of clinical 
signs and symptoms with pathophysiologic mecha- 
nisms that the standard clinical functional classifica- 
tion of congestive heart failure is more coupled to 
symptoms consequent to secondary factors (compen- 
satory mechanisms) in this condition rather than to 
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the crucial hemodynamic variable (cardiac output) 
and the fundamental cause (depressed contractility) 
of decompensation. 

Finally, the potential salutary effects of producing 
alterations in ventricular loading with peripheral va- 
soactive drugs are becoming recognized in the treat- 
ment of cardiac dysfunction in certain clinical condi- 
tions. In heart failure due to chronic essential hyper- 
tension, reduction of excessive afterload with nitro- 
prusside has resulted in improved left ventricular 
function.!96 More particularly, the principle of ven- 
tricular unloading is now undergoing evaluation in 
experimental197.108 and clinicali09-114 acute coronary 
artery disease by use of nitroprusside, phentolamine 
or nitroglycerin to diminish myocardial wall tension 
and oxygen consumption, thereby reducing ventricu- 
lar ischemia and infarct size with attendant en- 
hancement of cardiac performance and lessened fre- 
quency of tachyarrhythmias. Concerning the actions 
of nitroglycerin, the benefit observed with normoten- 
sive myocardial infarction appears to be primarily 
related to fall in preload or possibly improved blood 


flow to ischemic areas by increased collateral circula- 
tion.198 When associated sympathetic-induced in- 
creases in heart rate and contractility are prevented 
and coronary perfusion pressure is maintained with 
simultaneous administration of methoxamine or 
phenylephrine?98 or is augmented by concomitant 
external counterpulsation,!!14^ the efficacy of nitro- 
glycerin and nitroprusside appears to be enhanced 
considerably. Further, the recent demonstration of 
synergistic effects of phenylephrine and  bal- 
loon counterpulsation in experimental cardiogenic 
shock1!5 suggests that still greater advantage in myo- 
cardial infarction would be expected to accrue from 
the careful combination of phenylephrine, nitro- 
glycerin and counterpulsation to achieve optimal re- 
duction of ventricular pre- and afterload with im- 
proved coronary blood flow without reflex myocardial 
stimulation. 
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There is evidence that most alterations in inotropic state occurring 
under normal circumstances do not substantially influence diastolic 
compliance, except perhaps in the rapid phases of cardiac filling. 
Nevertheless, recent studies have clearly shown that left ventricular 
compliance can be markedly altered in chronic disease states, acute 
myocardial infarction, chronic ventricular hypertrophy and failure and 
chronic dilatation influencing diastolic compliance in an important 
manner. The large shift to the right of the pressure-volume relation 
observed in the chronically dilated left ventricle allows the ventricle 
to operate from a large radius and to deliver a normal or increased 
stroke volume without a great increase in end-diastolic pressure. On 
the other hand, the decrease in compliance without a shift to the 
right that appears to occur in acute myocardial infarction may in- 
crease filling pressure without this mechanical advantage and be 
detrimental. The question of when and by what mechanism changes 
in heart size and compliance appear to become irreversible seems 
to be amenable to experimental study and could have important clin- 
ical implications. It is suggested that one appropriate way to evalu- 
ate chronic changes in cardiac compliance is to assess the diastolic 
pressure-volume relation or the pressure-circumference relation 
over a range of pressures up to end-diastolic pressure, or over the 
range of volume accompanying the stroke volume. This approach, 
encompassing a normal cardiac filling cycle, and defined as “func- 
tional compliance,” should offer useful clinical information on the fill- 
ing characteristics of the ventricle relative to pressures transmitted 
in retrograde manner to the lungs or the systemic venous circula- 
tion. The assessment of the passive stress-strain relation of the myo- 
cardium itself in the whole heart remains a difficult and challenging 
problem. 


The physical properties of resting cardiac tissue have been the sub- 
ject of intensive investigation for more than a century. Although it 
is now clear that the description of active contraction in terms of 
pure alterations in the viscoelastic properties of muscle is not appro- 
priate,! early interest in the stress-strain behavior of muscular tis- 
sue centered on the viscoelastic theory of contraction.1-* From these 
studies and more recent information it is now known that muscle in 
general, and specifically cardiac muscle, displays many elastic and 
viscoelastic properties.?:4 Moreover, in recent years it has become 
evident that there are marked alterations in diastolic viscoelastic 
properties not only with acute interventions, such as changes in fre- 
quency of contraction and site of stimulation,? but also with rapid 
volume overloading and chronic interventions, such as myocardial 
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FIGURE 1. The relation between resting ten- 
Sion and muscle length in isolated cardiac 
muscle. A, tension-length relation and its ex- 
ponentially fitted line (T = 9 X 10-7e!-3! 
+ 0.199). B, the slope of this line at any 
level of tension (dT/dl) calculated for this 





8 = i = E c PA - ESF 
TENSION ee d Tae e st 
gm x | T BUCO Ge dx Rx aC. 
i "oec 


infarction.&® This review discusses the recent knowl- 
edge of factors that acutely influence the distensibil- 
ity of the myocardium in the intact heart and isolated 
cardiac muscle and reviews the evidence for changes 
in myocardial compliance in disease states. The 
terminology involved in describing alterations in com- 
pliance or distensibility is, unfortunately, complex 
and frequently misused in the physiologic literature. 
Accordingly, we shall first describe or define several 
commonly used terms. For a more detailed descrip- 
tion of terminology, the reader is referred to Reming- 
ton's excellent monograph on tissue elasticity.’ 


Terminology 


Elasticity: The property of a material that deter- 
mines the tendency of the stressed material to return 
to its unstressed geometric configuration. 

Viscosity: 'The property of a material that tends to 
retard deformation of the stressed material. 

Plasticity: 'The property of a material by which it 
may be subjected to stresses of less than a critical or 
yield value without undergoing permanent deforma- 
tion, but which results in flow at stresses above the 
yield value. 

All biological materials have been shown to have 
these three properties, and a variety of experimental 
techniques have been utilized to quantitate them.19 
To describe effectively these three basic properties 
the tissue must be elongated or stressed over a 
known period of time and then the relation between 
stress and strain and its time history described. To 
discuss these relations it is necessary to define sever- 
al other terms that describe the response of tissue to 
extension or alterations in stress. 

Extensibility of a tissue expresses the ability of the 
material to extend (AL) with the application of 
stress (AL/AT). 


exponential relation. C, length-tension data 
obtained by producing increments in length 
in an isometrically contracting isolated cardi- 
ac muscle. 


Distensibility refers to the changes in volume of a 
hollow object induced by a change in internal pres- 
sure (AV/AP). Distensibility may be expressed by 
many other terms such as the cross-sectional dis- 
tensibility or the ratio of change in area to change in 
pressure, or radial (circumferential) distensibility ex- 
pressed as change in radius related to change in 
pressure. 

Stiffness describes the ratio of the increment in 
stress to the corresponding change in length in iso- 
lated muscle (AT/AL) or volume stiffness (AP/AV) 
in the intact heart, and compliance, the reciprocal of 
these relations (AV/AP or AL/AT). Since all muscle 
is viscous, the rate of strain affects the measured 
compliance; thus, for an accurate description the 
rate of change in stress must be defined. 

Creep, hysteresis and stress relaxation are terms 
that have been used to quantitate the viscoelastic 
phenomenon. Creep is the increase in deformation 
that occurs over the course of time under constant 
stress. Hysteresis is the failure of a system to follow 
identical paths of response upon application of and 
withdrawal of a forcing agent. Stress relaxation is 
the decrease in stress that takes place in the course 
of time under constant strain. 


Diastolic Properties of Cardiac Muscle and the 
Heart 


Acute Alterations in Resting Muscle 


Most data indicate that in resting cardiac muscle 
the relation between strain or extension and the 
change in stress is essentially exponential, and the 
resulting linear relation between stiffness (AT/AL) 
and stress (AT/AL — AT - B) generally has been 
utilized to describe the resting properties of isolated 
muscle19-1? (Fig. 1). This type of mathematical rela- 
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tion serves as a reasonable framework for discussing 
induced alterations in the resting stress-strain rela- 
tion. There is now substantial evidence that the dia- 
stolic stress-strain relation of normal isolated mam- 
malian cardiac muscle may be influenced to some 
degree by several factors. 

Perhaps the most easily demonstrated alterations 
in the resting stress-strain relation is hysteresis. The 
stress-strain relation obtained when isolated cardiac 
muscle is stretched at a given rate over the normal 
range of lengths is dependent on the rate of stretch! 
and is not the same when the muscle is then short- 
ened at the same rate.11 13 

Creep in resting cardiac muscle has been frequent- 
ly documented and may be induced by either dia- 
stolici? or systolic!* alterations in force. Little and 
Wead!? investigated extensively the reversibility of 
creep in intact heart muscle and found that the most 
important factor in predicting the reversibility of 
creep-induced change is the level of initial stress 
achieved with rapid stretching of the muscle. More- 
over, it has been shown!!-13 that the magnitude of 
reversible hysteresis and creep is relatively indepen- 
dent of the rate of the initial alteration in muscle 
length. Creep probably occurs in the intact heart 
when high levels of end-diastolic pressure are 
achieved, although quantitative studies on this point 
are lacking. 

A variety of pharmacologic agents described under 
the general categories of positive and negative ino- 
tropic influences do not appear to alter the resting 
stress-strain relation of isolated cardiac muscle,1* ex- 
cept as they may influence active force, as men- 
tioned. However, there is some evidence to the con- 
trary.15 It is generally agreed that alterations in 
muscle temperature, osmolarity, previous stress- 
strain history and hypoxic damage!* 196-19 do influ- 
ence the resting stress-strain relation in isolated car- 
diac muscle. Increases in osmolarity and decreases in 
temperature increase the stiffness of muscle, whereas 
hypoxia and tissue damage substantially decrease 
the resting value for stiffness of isolated cardiac mus- 
cle. 


Chronic Alterations in Resting Muscle 


Until recently, chronic alterations in compliance in 
resting isolated muscle have received relatively little 
experimental attention. In isolated cardiac muscle, 
chronic alterations in resting and active compliance 
have been examined in muscles from hypertrophied 
hearts, after depletion of norepinephrine by adminis- 
tration of reserpine, and in the hyperthyroid state. 
Possible age-related changes in resting compliance 
also have been examined. Utilizing right ventricular 
papillary muscles removed from cats, hearts depleted 
of norepinephrine or hypertrophied cat hearts, 
Parmley et al.2° found no alteration in the resting 
length-tension curve induced by these factors. The 
effects of rapidly induced experimental myocardial 
hypertrophy on resting compliance remain unclear. 
Spann et al.21, studying right ventricular papillary 
muscles from cats subjected to chronic pulmonary 
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arterial constriction, found no changes, whereas Bing 
et al.22 documented an increased resting value for 
stiffness of such papillary muscles, when the data 
were normalized for muscle cross-sectional area. 

Recent experimental evidence suggests that there 
are age-dependent alterations in diastolic compli- 
ance. Studies have shown that fetal heart muscle, 
when considered in terms of normalized stress and 
strain, is stiffer than either newborn or adult mus- 
cle;23 however, Romero et al.?* found no significant 
alterations in left ventricular diastolic compliance 
after the first weeks of life. 


Acute Changes in Diastolic Properties of the 
Whole Heart 


Diastolic stress-strain relation in the intact heart 
have important implications relative to filling: pres- 
sures in the pulmonary and systemic veins and have 
been of interest to physiologists and cardiologists for 
many years. However, several factors continue to 
limit ability to describe adequately the full range of 
the passive properties of the muscle of the whole 
heart. In the intact heart it is difficult to measure 
directly diastolic myocardial wall stress and strain 
simultaneously. Thus, it is usually necessary to as- 
sume a geometric reference figure for the ventricle in 
question and to utilize ventricular volume, pressure 
and wall thickness to calculate the diastolic stress- 
strain relation at one or more points in diastole.25 

Several simplified experimental approaches re- 
cently have been employed. The arrested ventricle 
can be removed from the circulation and filled di- 
rectly with increments of volume?$.?7? (Fig. 2). Under 
these circumstances, the whole range of diastolic 
pressures and volumes was examined and an expo- 
nential relation was found between pressure and vol- 
ume.?? This has been expressed mathematically as a 
linear relation between stiffness (AP/AV) and intra- 
cavitary pressure.?9 The isolated supported heart 
preparation, in which end-diastolic volume can be 
measured in the beating heart, also has provided 
substantial information on the normal resting stress- 
strain relations in the intact heart.?8:29 These results 
have yielded a similar exponential relation between 
pressure and volume. Although hysteresis and creep 
have been demonstrated in such studies, no quanti- 
tative information is available on the magnitude of 
such creep or the factors that influence it or produce 
hysteresis. 

Alterations in systolic stress can produce diastolic 
stress relaxation, and inadequate diastolic relaxation 
time may result in increased left ventricular stiff- 
ness.14.28-33 The effects of a variety of positive and 
negative inotropic influences on the compliance of 
the isolated supported heart, or in more intact heart 
preparations, also have been investigated. Although 
there is some evidence to the contrary,!?.?? most re- 
cent data indicate that no appreciable alterations in 
the diastolic properties of the intact heart are in- 
duced by altering the contractility of the ventricle.25: 
29.34.35 Tn addition, Nobel et al.39 found that infu- 
sions of saline solution, isoproterenol, calcium or 
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methoxamine caused no change in diastolic proper- 
ties during the slow phase of ventricular filling, but 
compliance during the rapid phases of filling was 
sometimes significantly affected. 


Chronic Changes in Diastolic Properties 


There is much clinical evidence that diastolic 
compliance in the diseased human left ventricle is 
altered.39-38 However, the rate of development of 
these alterations and their reversibility have only re- 
cently been considered. In the clinical setting or in 
the awake animal, the entire pressure-volume rela- 
tion for a particular heart is generally not known, 
and the relation at end-diastole alone does not nec- 
essarily reflect compliance over the filling cycle for 
the ventricle in question. Since compliance decreases 
in the normal heart as cardiac filling increases, the 
detection of significant chronic alterations in compli- 
ance in the dilated or hypertrophied heart, or both, 
as compared to findings in a normal chamber, may 
be difficult unless the relation between pressure and 
volume is a single exponential one. This has not yet 
been clearly documented in patients with a wide va- 
riety of cardiac diseases. Major alterations in ven- 
tricular volume and wall thickness make compari- 
sons of muscle compliance even more complicated. 

Some investigators®9-49 have attempted to calcu- 
late compliance and to normalize for differences in 
cardiac volume by expressing the compliance of the 
ventricle per milliliter of end-diastolic volume (AV/ 
APVzgp). However, division by the operating end- 
diastolic volume may result in questionable conclu- 
sions under some circumstances. Moreover, difficul- 
ties may arise if a nonexponential relation with the 
same pressure intercept for AP/AV (stiffness) versus 
pressure in different hearts is assumed.4? For exam- 
ple, the data shown in Figure 3 were measured early 
and late after the creation of a large arteriovenous 
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FIGURE 2. A, relation between left ventricu- 
lar diastolic pressure and left ventricular vol- 
ume, expressed as the exponential relation: 
P = 8.75e9-0?V — 9.95. B, the slope (stiff- 
ness (AP/AV) of this line at any left ventric- 
ular pressure. C, original data determined by 
incrementing left ventricular volume in an 
tsovolumically contracting canine left ven- 
tricular preparation. 


fistula, the points on the curve being obtained at 
end-diastole by infusions and bleeding. Left ventric- 
ular end-diastolic diameter was measured utilizing 
radiographic techniques developed by Mitchell et 
al.,41 and end-diastolic pressure was measured with 
a chronically implanted left ventricular tube." Stiff- 
ness (AP/AD) is clearly increased in comparing the 
curve on the left with that on the right (Fig. 3) over 
the normal range of filling. However, selecting an 
end-diastolic pressure of 11 mm Hg (end-diastolic 
volume 85 ml in the early post-shunt state and 123 
ml in the late post-shunt state) and if a constant 
pressure intercept on the pressure scale is assumed, 
the calculated K constant or stiffness is decreased, 
but when normalized for end-diastolic volume 
the value for compliance (AV/APVz) calculates as 
unchanged by this method.*9 

'The term functional compliance was introduced in 
our recent study to indicate compliance over a range 
of filling up to the operating end-diastolic pressure,? 
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DIAMETER 
FIGURE 3. Relation between end-diastolic pressure and end- 
diastolic diameter determined immediately after production of 
an arteriovenous shunt in a conscious animal, several weeks 
after arteriovenous shunt, and 1 week after shunt closure. 
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“functional compliance" equaling AD/AP with AP 
being the range of pressure between left ventricular 
end-diastolic pressure +5 mm Hg. This approach is 
somewhat similar to that recently employed by Dia- 
mond and Forrester, in which AV was considered 
equal to the stroke volume and AP the pressure 
range from end-systole to end-diastole; the slope of 
the relation AP/AV versus P (mean filling pressure) 
was then calculated. 

An alternative approach has been to analyze single 
cardiac filling cycles using high fidelity microma- 
nometers and angiography or, in experimental stud- 
ies, by use of multiple implanted tantalum screws in 
the left ventricular myocardium;?° ultrasonic tech- 
niques also may prove suitable for this purpose. In 
clinical studies, Dodge et al.,?8 using angiographic 
methods to construct pressure-volume loops (left 
ventricular contraction cycles) in patients with a va- 
riety of cardiac lesions, showed differences in the 
slopes of these curves at comparable diastolic vol- 
umes or pressures. Gault et al.,42 studying patients 
with chronic volume overloading due. to free aortic 
regurgitation, found that the left ventricular diastol- 
ic pressure-circumference relation (internal circum- 
ference at the minor equator) frequently was shifted 
to the right from normal. Six months to 1 year after 
aortic valve replacement, patients with evidence of 
depressed myocardial inotropic state preoperatively 
had lower left ventricular end-diastolic pressure 
values due to slightly reduced ventricular diameter 
but appeared to have the same steep and rightward- 
ly displaced pressure-volume curve as that existing 
before operation. However, when myocardial inotrop- 
ic state was normal preoperatively the diastolic 
pressure-circumference curve shifted leftward into 
the normal range after operation, thus suggesting re- 
versibility of the altered diastolic properties in these 
patients.42 Other investigators*? have demonstrated 
directionally similar changes in pressure-volume 
relations after corrective operations in children with 
ventricular septal defect. 

Recent experiments indicate that the left ventricle 
becomes markedly stiffer after the chronic and heal- 
ing phases of myocardial infarction,39-44-4 and simi- 
_lar observations recently have been made in man.® Al- 
though it is difficult to evaluate quantitatively the 
effects of graded amounts of scar tissue on left ven- 
tricular compliance, there is evidence that end-dia- 
stolic ventricular compliance in man and in experi- 
mental animals is decreased at each level of end-dia- 
stolic volume, even after a small myocardial infarc- 
tion. 

Cardiac enlargement and changes in compliance 
induced by chronic volume overload may be revers- 
ible with time in some patients in the absence of 
chronic cardiac failure./.52.53 Whether or not 
changes in compliance resulting from pressure-in- 
duced hypertrophy, or those due to myocardial isch- 
emic damage, will regress after corrective operations 
or other therapy remains unanswered at present. The 
mechanisms of the changes in compliance also are 
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FIGURE 4. Active stiffness of the left ventricle determined by 
quick release. B, rapid withdrawal of an increment of volume in 
the isovolumically contracting left ventricle. The relation be- 
tween change in volume and change in pressure may then be 
used to calculate the percent extension of passive elements in 
the left ventricle at peak systole as expressed in A (see text). 





unexplored. In the chronically volume-overloaded 
heart, left ventricular wall thickness is not markedly 
increased? and sarcomere lengths in these hearts are 
not appreciably greater than in the overfilled normal 
heart, although there may be some loss of register of 
the sarcomeres.47 New sarcomeres are unquestion- 
ably introduced during dilatation or hypertrophy, or 
both, but it is not certain whether alterations in sar- 
comere or cell structure, connective tissue changes or 
other factors are involved in observed changes in 
compliance. Finally, although it would appear that 
passive compliance of the whole ventricle can now be 
estimated by several methods, better approaches 
must be devised to assess stress-strain relations of 
the myocardium itself. 


Active Stiffness of Cardiac Muscle and the 
Heart 


'The nature and significance of active stress-strain 
relation in isolated cardiac muscle have been investi- 
gated extensively over the past 20 years. There is 
now substantial evidence that cardiac muscle may 
be described as containing undamped elastic ele- 
ments which are in the series with a force-generating 
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site commonly called the contractile element.48.50.51 
During the past several years, considerable contro- 
versy has centered about the description of the ac- 
tive elastic properties of isolated cardiac muscle by a 
variety of mechanical analogs.®?:53 Series elasticity 
probably remains unchanged throughout active con- 
traction,4?.59 although this hypothesis has recently 
been questioned.51.52 This general area of endeavor 
has provided much useful information about func- 
tion of the cardiac muscle, but its significance to the 
clinician or to the physiologist working in the whole 
heart is not yet entirely clear. Moreover, it has re- 
cently been shown that most mechanical analogs for 
muscle may be reduced to a single mathematical ex- 
pression.?3 Although this review does not consider 
the relative merits of the various analog treatments 
of cardiac muscle, it is of interest that a wide variety 
of positive and negative inotropic agents have been 
examined for their potential influence on the mea- 
sured active compliance of isolated cardiac muscle. 
There is now general agreement that alterations in 
inotropic state acutely induced by pharmacologic 
agents do not influence active compliance in isolated 
muscle.90.54 


The examination of active stiffness in the intact 
heart is difficult; nevertheless, several techniques 
have recently been applied, and there is now some 
evidence that the intact heart functions as if it con- 
tains passive elements in series with the contractile 
elements.54-5§ Figure 4 shows a representative exam- 
ple of studies obtained by rapid volume withdrawals 
from the dog left ventricle.59.57 Scatter in data de- 
rived with these techniques is substantial, but it has 
been shown that series elasticity can be described by 
an exponential relation. Templeton et al.98 recently 
described an ingenious technique for examining the 
frequency dependency of the stress-strain relation 
during active contraction. These investigators pro- 
duced small sinusoidal volume changes in the isovo- 
lumically contracting left ventricle and examined the 
frequency dependence of the relation between vol- 
ume and pressure changes throughout systole and 
diastole. At frequencies of more than 30 Hz, a linear 
relation between volume stiffness (AP/AV) and pres- 
sure in the intact heart during systole was shown.58 
Further studies with this type of approach should 
allow quantitative investigation of the viscous and 
inertial properties of muscle. 
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Myocardial contractility declines precipitously after coronary arterial 
occlusion. The efficient cause of this phenomenon is probably the 
hypoxia-induced decrease in aerobic adenosine triphosphate (ATP) 
production by the ischemic myocardium. The formal and material 
causes of this negative inotropic effect are less clearly understood. 
A decrease in influx of calcium ion, due to sodium pump inhibition in 
the ischemic heart, is difficult to reconcile with evidence that Ca* * 
influx is enhanced under other conditions (for example, administra- 
tion of cardiac glycosides) that also impair this ion pump. Shortening 
of the plateau of the action potential after coronary arterial occlusion 
may be associated with decreased systolic Ca^ * influx from the 
extracellular fluid, but additional evidence is needed to corroborate 
this view. A state of acidosis, resulting from the lactate production 
that occurs when the ischemic myocardium shifts to anaerobic path- 
ways of energy production, may impair contractility by increasing the 
tightness of Ca** binding to the sarcoplasmic reticulum of the 
heart. The increased intracellular hydrogen ion concentration could 
also exert a negative inotropic effect by displacing Ca++ from its 
binding site on troponin, which is the Ca* ^ -sensitizing protein of the 
contractile apparatus. The final cause of the early depression in me- 
chanical energy production by the ischemic myocardium may be the 
conservation of chemical energy for the more important task of 
delaying irreversible rigor and necrosis, thereby preserving myocar- 
dial integrity. 


... and of the sciences, we consider that science which exists for the sake of 
itself, and for knowledge, to be the more desirable wisdom than the science 
which exists for the sake of results; and that the former is the more sover- 
eign wisdom ... for the wise man ought not to be commanded, but to com- 
mand... 


Aristotle: Metaphysics, Book I, Chapter I 
(P. B. Katz, translator) 


An intensive research program, designed to provide discoveries that 
will improve the care of patients with acute myocardial infarction, 
has been developed over the past few years. Based on clinical studies 
of acute myocardial infarction, and on animal models of this condi- 
tion, much effort has been directed to the prevention and therapy of 
the “pump” failure that frequently follows interruption of the coro- 
nary arterial circulation. Yet the mechanism by which myocardial 
ischemia leads to impaired cardiac function remains unknown. It is 
apparent that the new insights into the mechanism of the rapid de- 
terioration of the ischemic heart primarily represent the by-products 
of basic biochemical and biophysical studies of cardiac contraction 
rather than the fruits of “goal-oriented” research. In this article, sev- 
eral of these basic areas of investigation will be reviewed briefly to 
provide an insight into the nature of the defect that impairs the me- 
chanical response of the ischemic heart. 
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When considering the effects of ischemia on the 
subcellular processes of heart muscle, it is important 
to recognize the rapidity of the mechanical deterio- 
ration that occurs after coronary occlusion. Complete 
interruption of coronary flow to a segment of the ca- 
nine heart is followed within a few seconds by abbre- 
viation of systole and then by failure to contract, so 
that after less than a minute the ischemic portion of 
the ventricle bulges outward during systole.! These 
phenomena do not mean that the ischemic myocar- 
dium has completely lost the ability to develop ten- 
sion. Instead, they represent a marked diminution in 
contractility because the tension generated by the 
ischemic portion of the ventricle is unable to over- 
come the intraventricular pressure generated by 
the normally perfused myocardium. Therefore, to 
understand the paradoxical motion of the ischemic 
myocardium, one must define the mechanisms that 
can cause a rapid decline in myocardial contractility 
after interruption in coronary blood flow. In this 
analysis of the myocardial response to ischemia it is 
useful to refer to four causes defined by Aristotle. 
The efficient cause, that is, the producing agency or 
the factor that sets into motion the processes that 
ultimately lead to the loss of contractility in the 
ischemic myocardium, will be discussed first. 
The formal and material causes—the form and 
matter of the mechanical deterioration—will then be 
considered together. Finally, and in keeping with 
this Aristotelian approach, some speculation will be 
presented as to the nature of the final cause of the 
rapid decline in contractile function, that is, the end 
which these phenomena may serve in the ischemic 
myocardium. 


Efficient Cause of Impaired Contractility in the 
Ischemic Myocardium 


The rapid decline in myocardial contractility that 
occurs after coronary arterial occlusion could be due 
to one or both of two efficient causes: (1) the absence 
of a substrate or substrates normally supplied by the 
coronary circulation, or (2) accumulation of one or 
more metabolites. In terms of substrate delivery, it is 
almost certain that lack of oxygen is the major con- 
sequence of an interruption of coronary blood flow 
because the mechanical deterioration of the acutely 
anoxic myocardium is essentially the same as that 
following ischemia. However, the similarity between 
the effects of anoxia in the perfused myocardium and 
those of ischemia do not provide conclusive evidence 
that the accumulation of metabolites has no role in 
the mechanical deterioration after coronary occlu- 
sion. For example, hydrogen ion, a metabolite 
implicated in the pathogenesis of ischemic heart fail- 
ure, may accumulate within the anoxic myocardial 
cell more rapidly than it can be eliminated from the 
cell and carried away by an intact circulation. Simi- 
larly, extracellular potassium ions, which may also 
be responsible for the decline in myocardial contrac- 
tility, can be present in high concentrations in the 
environment immediately surrounding an anoxic 


ISCHEMIA AND MYOCARDIAL CONTRACTILITY—KATZ 


cardiac fiber even though capillary circulation re- 
mains unimpaired. For these reasons, and because 
studies of the hypoxic myocardium tend to be more 
numerous and more complete, the remainder of this 
article will primarily consider the role of myocardial 
hypoxia as the efficient cause of the early and rapid 
mechanical deterioration after coronary occlusion. 

Myocardial anoxia: The immediate effect of oxy- 
gen deprivation on the myocardium is a rapid reduc- 
tion of myocardial oxygen tension.? As a result, and 
because the myocardium lacks significant stores of 
alternative electron acceptors to permit oxidation of 
the coenzymes that are reduced during oxidative 
phosphorylation, lack of oxygen quickly brings the 
oxidative production of adenosine triphosphate 
(ATP) to a halt. Although it is tempting to attribute 
the subsequent decline in myocardial contractility 
directly to a reduced ATP concentration, this expla- 
nation is difficult to reconcile with a number of stud- 
ies that show little or no decrease of ATP levels in 
the acutely failing ischemic or anoxic myocardium.? 
Furthermore, the direct effect of depletion of ATP on 
the cardiac contractile proteins should be the devel- 
opment of rigor (contracture) rather than the systolic 
bulging of a weakened area of myocardium.*:> 

Cellular acidosis: A direct consequence of failure 
of oxidative regeneration of ATP in the ischemic 
myocardium is accumulation of the products of con- 
tinued ATP utilization, notably inorganic phosphate 
and adenosine monophosphate (AMP). Both of these 
products accelerate the conversion of glycogen to 
glucose and the anaerobic glycolytic production of 
ATP.? Enhanced glycolysis is accompanied by 
marked acceleration of lactate production,® with a 
consequent increase in the production of hydrogen 
ion. Although it is not now possible to attribute all 
of the detrimental effects of myocardial anoxia and 
ischemia to a decrease in cellular pH,*.5 increased 
concentration of hydrogen ion is well known to have a 
marked negative inotropic action on the heart.* 
Therefore, the remainder of this article will focus on 
the role of cellular acidosis in the formal and materi- 
al causes of the negative inotropic response to isch- 
emia. This emphasis on the actions of hydrogen ion 
should not be construed to mean that all of the det- 
rimental effects of ischemia can be explained as the 
result of acidosis, or that the potential negative ino- 
tropic action of accumulation of sodium ion or 
loss of potassium ion is not important.? Indeed, our 
understanding of this important question remains 
quite incomplete, so that the following discussion 
represents more of a “model” analysis than a full 
and valid description of the causes of mechanical 
failure in the ischemic heart. 


Excitation and Entry of Activator Ca++ from 
Extracellular Fluid 


Calcium ion is established as the final mediator in 
the processes of excitation-contraction coupling that 
link excitation at the cell surface to the initiation of 
mechanical activity by the contractile machinery of 
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FIGURE 1. Dependence of cardiac myosin ATPase activity on 
pH. Reactions were carried out in 10 uM calcium chloride, 2 
mM ATP, 0.25 M potassium chloride, and 20 mM Tris-hydro- 
chloride. (Based on data of Tada et al.?^) 


the heart. In the heart, these processes probably in- 
volve two sources that make calcium ion available to 
the contractile proteins—one source is extracellular, 
the other is intracellular. The first of these sources, 
the net influx of calcium ion from the extracellular 
fluid to the intracellular space, appears to be related 
both to the cardiac action potential and to the “‘sodi- 
um pump." There is evidence that an increase in 
Na+ in the ischemic heart displaces activator Ca++ 
from a superficial membrane site?; nevertheless, a 
direct negative inotropic effect of such an increase in 
cellular Na* is difficult to reconcile with the view 
that inhibition of the sodium pump, which normally 
effects the exchanges of intracellular Na+ for K+ in 
diastole, causes an increase in intracellular Ca++ 
(for example, during the positive inotropic action of 
cardiac glycosides).? Thus, inhibition of this ion 
pump by depletion of ATP cannot now be shown to 
be directly responsible for the negative inotropic ef- 
fect of ischemia. Conversely, there is some evidence 
that the action of the cardiac action potential to 
modulate this calcium entry may be altered in the 
ischemic heart. 

Cardiac action potential configuration: Al- 
though prolonged myocardial ischemia eventually 
leads to failure of the action potential to propagate, 
the early and rapid deterioration of contractility in 
the anoxic!9-1* or ischemic!? heart is associated with 
only minor changes in action potential configuration. 
These abnormalities are primarily an abbreviation of 
the action potential caused by shortening of the pla- 
teau (phase 2).10-13.15 Preservation of normal resting 
potential indicates that the K * -dependent properties 
(K* permeability, K* gradient) of the membrane 


are not grossly altered, and the lack of major 
changes in the upstroke of the action potential pro- 
vides evidence that the Na*-dependent properties of 
the membrane, which are responsible for the early 
and rapid inward current effected by Na* entry, also 
remain essentially normal. However, the shortening 
of the plateau of the action potential indicates that 
ischemia significantly modifies the ionic processes 
responsible for the slow inward ionic current that 
can be measured during this phase of the action po- 
tential. In the heart, at least part of this slow inward 
current appears to be carried by Ca-**.19319 Evi. 
dence that slight modifications of the plateau of the 
cardiac action potential can have profound effects on 
contractility?? supports the possibility that the early 
detrimental effects of ischemia are due to a reduc- 
tion in an inward movement of Ca++ when the pla- 
teau of the action potential is shortened. It must be 
emphasized, however, additional evidence is needed 
to confirm these speculations that ischemia-induced 
abbreviation of the action potential and a reduction in 
net calcium ion influx represent formal and material 
causes for the early failure of the ischemic myo- 
cardium. 


Excitation-Contraction Coupling: Release of 
Activator Ca* + from Intracellular Stores 


Release of calcium ion from intracellular stores is a 
second mechanism by which Ca++ is made available 
to activate the contractile proteins of the heart dur- 
ing excitation-contraction coupling. These intracel- 
lular stores of Ca* * appear to be located in the sar- 
coplasmic reticulum, a system of internal mem- 
branes that envelops the myofibrils. It remains to be 
defined what role, if any, Ca* * associated with mi- 
tochondria has in excitation-contraction coupling. In 
the hearts of some animals, such as the frog, and in 
certain fetal or neonatal mammalian hearts in which 
the sarcoplasmic reticulum is apparently absent, the 
Ca** utilized in excitation-contraction coupling is 
probably derived entirely from the extracellular 
fluid or subsarcolemmal structures. However, in skel- 
etal muscle, the onset of contraction is too rapid for 
Ca++ diffusing from the extracellular fluid to provide 
for excitation-contraction coupling. In the adult 
human heart, as in most mammalian hearts, a sarco- 
plasmic reticulum is present, although it is less ex- 
tensive than that in skeletal muscle. Whereas the role 
of intracellular, as opposed to extracellulár, sources 
of Ca** in cardiac excitation-contraction ccupling 
remains uncertain, there is reason to believe that 
Ca** derived from extracellular sources during 
cardiac contraction serves to increase the amount 
of Ca** available for release by the sarcoplasmic 
reticulum in subsequent contractions. Thus, 
alterations in Ca++ entry may act to modu- 
late stores for Ca++ release, whereas the Ca++ 
released by the sarcoplasmic reticulum would be di- 
rectly responsible for development of tension. 
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Sarcoplasmic reticulum: The in vitro properties 
of the sarcoplasmic reticulum of the heart remain 
normal after brief periods of ischemia,®-?! but acido- 
sis increases the Ca++ affinities of the sarcoplasmic 
reticulum of both cardiac?? and skeletal muscle,?? 
thus indicating that the release of Ca++ from intra- 
cellular stores is reduced when the ischemic heart 
becomes acidotic. This decrease in the ability of the 
sarcoplasmic reticulum to accept and release Ca++ 
represents another formal and material cause for the 
impaired contractility seen after coronary occlusion. 


Excitation-Contraction Coupling: Influence of 
Activator Ca^ * on the Cardiac Contractile 
Proteins 


Following the premise that cellular acidosis is the 
efficient cause of the precipitous decline in myocar- 
dial contractility after coronary arterial occlusion, 
the effects of hydrogen ion on the contractile pro- 
teins of the heart will be reviewed briefly. In this dis- 
cussion, two aspects of the interactions of certain 
myofibrillar proteins will be discussed: (1) the pri- 
mary interaction between actin and myosin that 
gives rise to contraction; and (2) the response to 
Ca++ of troponin and tropomyosin, the modulatory 
proteins, that serves to control the primary interac- 
tion. 

Actin and myosin: The essential contractile prop- 
erties of muscle can be reproduced in vitro by two of 
the proteins of the myofibril—actin and myosin. 
These properties—hydrolysis of ATP (which liber- 
ates chemical energy) and syneresis (a process of 
shrinkage analogous to shortening)—can be demon- 
strated in actomyosins reconstituted from highly pu- 
rified actin and myosin. Cardiac myosin, like skele- 
tal muscle myosin, exhibits an “anomaly” in the 
curve defining the relation between adenosine tri- 
phosphatase (ATPase) activity and pH.*?* The 
“anomaly” is manifest by a reduction in ATPase ac- 
tivity as pH increases from 6.0 into the neutral 
range, followed by an increase in activity as pH be- 
comes more alkaline than approximately 7.5 (Fig. 1). 
Actomyosin and myofibrillar ATPase activity, like 
that of myosin, exhibits a similar "trough" at neu- 
tral pH. If these observations are applicable to the 
situation in the intact heart, they fail to define an 
inhibitory effect of acidosis on the rate of energy 
turnover by the contractile proteins of the ischemic 
heart. 

Troponin and tropomyosin: A third salient prop- 
erty of muscle, the initiation of contractile activity 
by micromolar amounts of Ca* *, is not seen in acto- 
myosins reconstituted only from actin and myosin. 
Ca++ sensitivity is, instead, a property that is con- 
ferred on actomyosin when two modulatory proteins, 
troponin (a complex of three distinct proteins) 
and tropomyosin, are bound to actin. In the 
Cat++-sensitive actomyosins reconstituted from 
actin, myosin, troponin and tropomyosin, the action 
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TABLE | 
Effects of pH on the Calcium Affinity of Skeletal Troponin 


pH Calcium-Troponin Binding Constant 


8.5 8.0 X 10° 
8.0 4.0 X 105 
7.5 2.2 X 105 
7.0 1.0 X 105 
6.5 0.4 X 105 


Decreasing values for the calciutm-troponin binding constant 
under acid conditions indicate that an increased H* concentra- 
tion causes less Ca** to be bound to this critical regulatory site. 
(Based on data from Fuchs et al.””) 


of Ca** is mediated by its binding to a high affinity 
calcium-binding site on troponin C, one of the con- 
stituents of troponin. When Ca** is not available for 
binding to troponin C, the troponin and tropomyosin 
bound to the actin filament inhibit (repress) the pri- 
mary interaction between actin and myosin, thereby 
maintaining the heart in a state of relaxation. The 
function of Ca* *, effected by its binding to troponin 
C, is to abolish (derepress) this inhibitory action of 
the modulatory proteins, thereby effecting the final 
step in excitation-contraction coupling. An action of 
hydrogen ion to displace the Ca++ bound to tropon- 
in, previously deduced from studies of the Ca* * sen- 
sitivity of ATPase activity and tension development 
in cardiac fibers extracted from glycerol,?5.26 has 
now been demonstrated directly (Table I).?? These 
findings indicate that even when the normal amount 
of Ca** is made available for excitation-contraction 
coupling, the development of acidosis can impair 
contractility by displacing Ca** from its binding 
site on troponin, thus providing another formal and 
material cause for loss of contractility. 


Final Cause of Rapid Loss of Contractility in the 
Ischemic Myocardium 


The precipitous reduction in mechanical function 
after coronary occlusion, although clearly detrimen- 
tal to the organism as a whole, has certain advan- 
tages to the ischemic area of the myocardium. By at- 
tenuating mechanical activity, the most costly of the 
ATP-utilizing functions, this decline in myocardial 
contractility conserves chemical energy for other 
energy-consuming reactions that are important in 
the preservation of myocardial integrity, thereby 
delaying the development of necrosis. Furthermore, 
if excitation-contraction coupling were not quickly 
attenuated, it is likely that the ischemic myocar- 
dium would ‘soon deplete its high energy phosphate 
stores, thereby producing a state of rigor. This state 
of rigor is not fully reversible,® nor is it possible to 
reestablish perfusion once contracture develops.?* By 
contrast, the loss of contractility due to failure of ex- 
citation-contraction coupling is probably fully re- 
versible, at least in its early stages, on reperfusion 
with oxygenated blood. 
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Addendum 


Since this article was submitted for publication, 
Bing et al.?? have provided evidence that pretreat- 
ment of rat myocardium at the alkaline pH of 7.8, 
followed by 60 minutes of hypoxia, preserves tension 
during the hypoxic period. Recovery after reoxygena- 


12. 


13. 


14. 


15. 


460 


tion, however, is impaired in that rigor develops and 
less tension is regained. Conversely, pretreatment at 
pH 6.8 reduces tension during hypoxia but increases 
tension recovered after reoxygenation and prevents 
the appearance of rigor. These data lend credence to 
the concluding paragraph of our article. 
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A fundamental characteristic of cardiac muscle function is rapid de- 
terioration consequent to interruption of myocardial blood supply and 
oxygen delivery. Experimental and clinical studies have demon- 
strated, in association with myocardial ischemia or hypoxia, de- 
rangements of cardiac mechanical and pump performance, metabol- 
ic processes, electrical activity and structure. Deprivation of oxygen 
is the major factor producing these alterations, but reduced sub- 
strate delivery and accumulation of the products of cell metabolism 
and breakdown are contributing factors. After the onset of myocar- 
dial ischemia, there is a period during which the ensuing functional 
and subcellular structural alterations are reversible with restoration 
of oxygen supply. After this interval, structural damage is irreversible 
and there is permanent loss of myocardium. The degree of function- 
al impairment is most closely related to the quantity of myocardium 
involved. In patients with stable coronary artery disease, clinical 
cardiac failure is not usually evident in the absence of previous loss 
of left ventricular myocardium, as occurs with infarction. However, 
evidence of transient, reversible impairment of ventricular muscle 
and pump performance is present during episodes of angina pecto- 
ris. 

Myocardial infarction or, less frequently ischemia, is associated 
with permanent elimination of normal contractile performance in a 
localized area of myocardium (asynergy). Evidence of cardiac fail- 
ure is apparent when 20 to 25 percent of left ventricular muscle is 
asynergic. The standard electrocardiogram is useful in estimating 
location and degree of asynergy and also cardiac pump performance 
by the presence and location of pathologic Q waves and associated 
electrocardiographic abnormalities. In acute myocardial infarction, 
the shock syndrome is associated with loss of 40 percent or more of 
left ventricular myocardium. Since in-hospital prognosis in acute 
myocardial infarction is closely related to extent of left ventricular 
damage, estimation of the latter would be helpful in applying the 
most appropriate forms of therapy in these patients. Recent innova- 
tions utilizing serum enzyme analysis and isotopic imaging of left 
ventricular myocardium have provided promising, noninvasive means 
of achieving this goal. 


“Many students of the coronary circulation must have noted that the ven- 
tricular zone affected by ligating a large coronary branch not only appears 
cyanotic and dilated, but that it seems to alter in its mode of contraction." 

R Tennant and CJ Wiggers! 


Current knowledge of the pathophysiologic consequences of impaired 
blood flow to the myocardium is the result of scientific inquiry begun 
almost 300 years ago? and sharply accelerated early in this century 
with the advent of the modern era in cardiovascular medicine and 
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physiology. The past several decades have witnessed 
an unprecedented proliferation of information on this 
problem extending from studies at the cellular level 
to new data on cardiac disease in man, as recently re- 
viewed.3-11 Progress in this area has resulted in im- 
proved understanding of the relation between altered 
physiology and clinical manifestations in ischemic 
heart disease, the most prevalent fatal disease in 
Western society. Increased comprehension of under- 
lying mechanisms has enhanced understanding, 
evaluation and management of the patient with clin- 
ical ischemic heart disease. Further elucidation of 
this problem is predicated on present knowledge of 
the pathophysiology of the altered dynamics of heart 
muscle deprived of adequate oxygen. This discussion 
will deal with current concepts on the nature of the 
alterations in myocardial function resulting from in- 
adequate oxygen supply as developed from the study 
of isolated cardiac muscle, laboratory investigation 
of the intact organism and clinical evaluation in 
man. 


Relation Between Myocardial Metabolism and 
Function 

The metabolism of the mammalian heart is almost 
exclusively aerobic, and thus the myocardium is de- 
pendent on a continuous high rate of oxygen deliv- 
ery. In its pivotal metabolic role as the major recipi- 
ent of the electrons produced during oxidative phos- 
phorylation, oxygen is critical to the function of the 
myocardial cell, linking intramitochondrial processes 
to production of high-energy phosphate (Fig. 1). Aer- 
obic metabolism, an intramitochondrial process, is 
an efficient, and thereby the chief, pathway for the 
high level of energy production required by the myo- 
cardium. Anaerobic metabolism, that is, glycolysis, 
which proceeds in the cytoplasm, can be utilized 
only to a limited extent by the myocardium for gen- 
eration of high-energy phosphate!?.13 and is there- 
fore insufficient in itself to maintain cardiac func- 
tion. This unique metabolic pattern is well adapted 
to meet the intense energy requirements associated 
with the omnipresent functional burden of the heart 
which is extraordinary compared to that of other or- 
gans.9.7.12.14 However, the extreme dependence of 
cardiac function on high levels of oxygen supply also 
is responsible for the vulnerability of cardiac muscle 
to inadequate availability of oxygen. Thus, a funda- 
mental characteristic of the myocardium is the rapid 
deterioration of its contractile processes resulting 
from diminished oxygen delivery.1:1°.15-38 Although 
it might therefore appear likely that the depression 
of myocardial function associated with oxygen depri- 
vation is the result of failure to generate high-energy 
phosphate compounds, demonstration of adequate 
myocardial adenosine triphosphate levels in associa- 
tion with marked reduction in contractile function 
during the early phase of ischemia suggests that the 
problem is more complicated.39 

Impaired oxygen supply to cardiac cells not only 
results in loss of myocardial functional integrity, but 
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FIGURE 1. Diagram of metabolic pathways of energy (adeno- 
sine triphosphate) production within the cardiac cell. Complete 
oxidation of a substrate such as glucose yields a total of 38 
moles of adenosine triphosphate per mole of glucose, whereas 
glycolysis alone provides only 2 moles of adenosine triphos- 
phate. ADP = adenosine diphosphate; ATP = adenosine tri- 
phosphate; C = creatine; CP = creatine phosphate; CoA = 
coenzyme A; FAD and FADH = flavin adenine dinucleotide and 
its reduced form, respectively; G-6-P = glucose-6-phosphate; 
NAD and NADH = nicotinamide adenine dinucleotide and its 
reduced form, respectively; OA = oxaloacetic acid; Ox = oxi- 
dation; P; = inorganic phosphate; Red = reduction. 
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also is manifested by a complex of pathophysiologic 
events encompassing impaired metabolic activity, 
deranged mechanical performance, abnormal electro- 
physiology, altered structural and physical properties 
and, frequently, clinical signs and symptoms.1:10.15- 
38.40-46 These abnormalities can culminate in irre- 
versible structural and functional impairment within 
minutes if cellular hypoxia is sufficiently severe.7 41- 
43.47 However, even after marked deterioration, there 
is a limited period during which myocardial struc- 
tural and functional integrity can be substantially 
restored by restitution of adequate oxygen supply.!: 
1.27,41-43,48-52 

Ischemia vs. hypoxia: Cellular oxygen delivery 
may be insufficient because of either (1) inadequate 
coronary blood flow, or (2) reduced oxygen concen- 
tration in perfusing blood or other supporting media 
in which cardiac tissue is immersed. The former con- 
dition is referred to as ischemia and the latter as 
hypoxia. Investigative studies have also employed 
anoxia, or total absence of oxygen. Both ischemia 
and hypoxia may be induced experimentally and 
occur clinically; both produce hypoxia of the myo- 
cardial cell. However, there are significant differ- 
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ences in their overall effects. Since ischemia is relat- 
ed to hypoperfusion, it results in a deficiency not 
only of oxygen, but also of substrates for energy pro- 
duction and an accumulation of metabolic end 
products and other substances from damaged cells. 
In the hypoxic heart with normal perfusion, these 
materials, although released from injured cells, are 
removed and are of less consequence. 


Experimental Studies 

Coronary arterial ligation: Deterioration of myo- 
cardial function is abrupt and profound after depri- 
vation of oxygen supply to the myocardium by inter- 
ruption of coronary blood flow. The relation between 
inadequate myocardial oxygenation and compro- 
mised function has been amply demonstrated experi- 
mentally. Thus, after ligation of a coronary artery, 
shortening of cardiac muscle ceases in the ischemic 
area in less than 1 minute, as observed in the classic 
experiments of Tennant and Wiggers! almost 40 
years ago. Within 10 seconds the affected area be- 
comes cyanotic,2° and contraction of ischemic myo- 
cardium is impaired. Duration of tension develop- 
ment is diminished,! degree of shortening reduced! 
and force of contraction decreased!.?7 (Fig. 2). After 
30 to 60 seconds, there is passive, systolic expansion 
of the injured area resulting from the pressure pro- 
duced by uninvolved myocardium, which distends 
the ischemic ineffectively contracting segment.1.22.27 

If a sufficient quantity of myocardium is involved, 
the impairment of mechanical function is accompa- 
nied by alterations in cardiac pump performance, 
electrical activity and metabolism. Thus, there are 
reductions in cardiac output, stroke volume! 25.29. 
31.38 and blood pressure?*; increases in left atrial and 
left ventricular diastolic pressures! »28 -29 .31-35 ,37,38; 
electrocardiographic S-T segment depression! 25. 
29,32,33. and lactate production! .28.29.31-34 enhanced 
glucose extraction®?:54 and decreased free fatty acid 
extraction by the myocardium.®® The latter findings 
only partially reflect the fundamental alterations in 
intracellular metabolism produced by hypoxia dis- 
cussed elsewhere in this Symposium.3? Typical S-T 
changes and myocardial lactate production correlate 
closely as indicators of myocardial ischemia.15.25. 
29,32,33 

Hypoxia: The effects of hypoxia on the mechanics 
of myocardial contraction have been recently investi- 
gated in detail in the isolated, supported cat right 
ventricular papillary muscle.15-17 Rapid and severe 
loss of contractile capacity immediately ensues with 
the onset of hypoxia as reflected by abrupt reduction 
of tension development (Fig. 3). In addition to this 
decrease in intensity of active state, time to peak 
tension is markedly reduced, indicating compromise 
in the duration of active state, during which genera- 
tion of mechanical energy occurs. During reoxygena- 
tion there is an increase in measured time to peak 
tension, considerably in excess of control levels, 
which is closely associated with recovery of contrac- 
tile activity toward normal.15-16 Further, during re- 


ISCHEMIA AND CARDIAC FUNCTION—AMSTERDAM 


Coronary Artery 
Ligation 






Contractile 100 
75 

Force 50 
(% Control ) J^ 


F30 secs 
FIGURE 2. Left ventricular contractile force measured by an 
isometric strain gauge arch sutured into the myocardium of a 
dog. Note the rapid decline in force after ligation of the left 
anterior descending coronary artery. 


covery from hypoxia, tension development is fol- 
lowed by prolongation of relaxation time.!? It has 
been suggested that the latter increase—which, to- 
gether with the increased time to peak tension dur- 
ing recovery from hypoxia, alters the temporal se- 
quence of myocardial contraction—may be related to 
the phenomenon of asynergy in the intact heart with 
regional ischemia.96 

Investigations utilizing the isolated, perfused heart 
have employed anoxia.!? These studies also demon- 
strate marked impairment of myocardial mechanical 
performance as well as abnormal electrical activity 
and disruption of subcellular architecture by oxygen 
deprivation. Thus, with onset of anoxia, pulse pres- 
sure and maximal rate of rise of left ventricular pres- 
sure are reduced, ventricular end-diastolic pressure 
increases sharply, and structural alterations occur, 
as manifested by nonalignment of myofilaments, 
swelling of mitochondrial cristae, loss of transverse 
tubules and dilatation of longitudinal tubules.18 

Metabolic effects of interrupted coronary flow: 
Although the major consequence of interruption of 
coronary blood flow is cessation of myocardial oxy- 
gen supply, certain other effects merit consideration. 
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FIGURE 3. Effect of hypoxia on tension (mean + standard 
error) developed by isolated cat papillary muscle supported in a 
Krebs bath. The bath is initially perfused with 95 percent oxygen 
and 5 percent carbon dioxide. Tension decreases abruptly after 
substitution of 95 percent nitrogen (N2) for oxygen, and recov- 
ery is rapid after reinstitution of oxygen. 
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FIGURE 4. Left ventricular function curves produced by atrial 
pacing in a subject with a normal heart (N, closed circles) and 
a patient with coronary artery disease (CAD, open circles). 
Function is normal in the patient with coronary artery disease 
until the onset of angina pectoris (AP) at which point the curve 
becomes depressed. LVEDP = left ventricular end-diastolic 
pressure (mm Hg); SWI = stroke work index (g-m/m?). 


Thus, the accumulation of products of cellular metab- 
olism and breakdown in the absence of normal per- 
fusion has several potentially detrimental effects. 
These substances, which include potassium, hydro- 
gen ions and lysosomal enzymes, can depress myo- 
cardial metabolic and functional processes and con- 
tribute to cellular damage if they are present in 
sufficiently high concentration. Thus, potassium, in 
excessive extracellular concentration, can prevent 
electrical activation of the cell7-4°; the reduction in 
intracellular pH resulting from accumulation of hy- 
drogen ions has been implicated in impairment of 
the contractile process at the level of the interaction 
between calcium and troponin?:39?; and the hydrolyt- 
ic enzymes released from lysosomes are capable of 
inflicting direct structural injury on the cell.57-59 In 
addition, when coronary blood flow is curtailed, the 
myocardium is deprived of exogenous substrates 
such as free fatty acids, glucose, amino acids and ke- 
tones for energy production. These factors may con- 
tribute significantly to depression of myocardial 
function in states of hypoperfusion. However, experi- 
mental studies have indicated that lack of oxygen is 
the primary deficit in these instances since reduction 
of oxygen supply by anoxic perfusion, during which 
other substrate requirements are fulfilled, compro- 
mises myocardial mechanical performance to a con- 
siderably greater degree than does deprivation of 
metabolic substrate during conditions of normal oxy- 
genation.!? Although provision of adequate!? or aug- 
mented glucose!9 during anoxia or hypoxia improves 
contractile function, the magnitude of this effect is 
modest relative to the depression of cardiac perfor- 
mance resulting from lack of oxygen per se.19.19 Con- 
versely, whereas lack of substrate delivery for a brief 
period has relatively little effect on function during 
normal oxygenation of the myocardium, it is associ- 
ated with a greater decrease in contractile perfor- 
mance during anoxia.!? Attenuation of myocardial 
energy production in the form of adenosine triphos- 


phate has also been reported as more severe in the 
absence of oxygen than of substrate.®° 


Clinical Studies 


Recent investigations have extended the approach 
discussed to the evaluation of ischemic heart disease 
in man. Myocardial ischemia occurring clinically 
may be transient, as in the syndrome of angina pec- 
toris, and reversible in terms of symptoms and as- 
sociated cardiac functional alterations. Ischemia of 
sufficient severity and duration results in irreversible 
loss of structure and function, usually manifested 
clinically as myocardial infarction. The circulatory 
dynamics and patterns of ventricular muscle func- 
tion during ischemia have been clarified to a consid- 
erable extent by the recent application of hemody- 
namic and ventriculographic techniques to this prob- 
lem. 


Angina Pectoris 


Among the most consistent findings on cardiac 
performance during myocardial ischemia is the usu- 
ally striking evidence of depressed left ventricular 
function. The frequency and degree of this abnor- 
mality have now been well documented in man dur- 
ing both transient ischemia, that is, angina pectoris, 
and myocardial infarction. The hemodynamic im- 
pairment is directly related to the presence of myo- 
cardial ischemia and the extent of functional loss is 
dependent on the quantity of myocardial muscle in- 
volved.5.91-65 The outcome of this deranged func- 
tional state is closely associated with the course of 
the metabolic abnormality since both alterations are 
intimately related to cellular hypoxia. With subsi- 
dence of ischemia, as in angina, ventricular function 
returns to its pre-ischemic level.99-65 However, after 
myocardial infarction, there is usually permanent re- 
duction in cardiac functional capacity.99-73 

Hemodynamic effects of ischemia: The circulato- 
ry dynamics associated with angina pectoris have 
been the subject of recent intensive investigation. 
The concept that angina is a manifestation of myo- 
cardial ischemia and thereby reflects the presence of 
8 disparity between myocardial oxygen supply and 
demand is affirmed by these studies. Thus, evidence 
of increased myocardial oxygen requirements, to- 
gether with inability to commensurately augment 
coronary blood flow, is typically associated with 
angina, whether provoked or spontaneous. Indeed, in 
the clinical evaluation of patients, angina is induced 
or alleviated by manipulation of those hemodynamic 
variables that are the major determinants of myocar- 
dial oxygen needs,19.11.32-34.66-68.74 that is, heart 
rate, intramyocardial tension (directly related to 
blood pressure and ventricular volume) and myocar- 
dial contractility." The basis of restricted coronary 
blood flow is, in all but unusual instances, coronary 
artery atherosclerosis. It is now also appreciated that 
spasm of a coronary artery may produce clinical 
myocardial ischemia, as has recently been docu- 
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mented./9a The extent to which this phenomenon 
may be implicated in angina pectoris is unknown. It 
has been chiefly considered in relation to Prinzmetal 
or variant angina pectoris.792.79b 

Although functional studies relate to angina in- 
duced by a variety of stresses (catecholamine infu- 
sion,*4 pacing-induced tachycardia,?2-38.66.68 or ex- 
ercisel0.38.67) or occurring spontaneously,?! the 
hemodynamic response has been consistent. Thus, as 
in the experimental studies previously discussed, ab- 
normal cardiac performance indicative of left ven- 
tricular failure has been repeatedly demonstrated at 
the time of angina pectoris.10.11.31-38,66-65 Left ven- 
tricular end-diastolic pressure is increased?1-35.66-68. 
74 in association with reduced cardiac output, stroke 
volume and stroke work10-11.31-34,66-68.74 and the 
left ventricular function curve is thereby depressed??: 
38,66 (Fig. 4). That this evidence of depressed myo- 
cardial contractile function during ischemic pain is 
intrinsic to the anginal state is indicated by lack of 
these findings in patients with coronary artery dis- 
ease who do not manifest angina under identical 
conditions.32.35,68 

Ventricular contractility and wall motion dur- 
ing ischemia: The deterioration of cardiac perfor- 
mance accompanying angina is associated with ab- 
normal ventricular wall motion, which has now been 
documented in man by angiographic studies during 
angina.35-36.76 This abnormality of muscle function 
consists of failure of adequate shortening, which is 
associated with diminished force development, in 
one or more areas of ventricular myocardium. These 
derangements in mechanical performance of cardiac 
muscle underlie the altered function intrinsic to the 
ischemic state. Thus, during acute ischemia, the 
contractile pattern of the ventricle may deteriorate 
from normal to include one or more areas of inade- 
quate or abnormal motion or, when the latter is al- 
ready present, it may become quantitatively greater 
in the affected area or involve additional regions of 
myocardium?5.36.76 (Fig. 5). Loss of actively con- 
tracting muscle deprives the ventricle—for the dura- 
tion of this defect—of the contribution of involved 
myocardium to overall cardiac pump function, re- 
sulting in decreased stroke volume, cardiac output 
and ejection fraction with consequent increase in re- 
sidual ventricular volume and end-diastolic pressure, 
hemodynamic findings indicative of ventricular fail- 
ure. A further alteration that has been recently rec- 
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tions of normal and asynergic con- 
traction patterns of the left ventri- 
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FIGURE 5. Diagrams of left ventricular angiograms from a pa- 
tient with coronary artery disease. Control angiogram demon- 
strates a normal contraction pattern. With the onset of angina 
produced by atrial pacing, there is impairment of myocardial 
contraction manifested by hypokinesis of the apical-inferior area 
of the left ventricle which is associated with a fall in ejection 
fraction (E.F.) 


ognized during acute ischemia and which may con- 
tribute to the increase in end-diastolic pressure in- 
volves the physical properties of the myocardium. 
Thus, myocardial compliance, or the quantitative 
relation of passive changes in pressure to changes in 
volume (AP/AV), may decrease during acute, tran- 
sient ischemia.? +35 

The impaired ventricular muscle performance in 
ischemic heart disease is characteristically segmental 
as determined by the distribution of coronary artery 
atherosclerosis.7° Abnormal ventricular wall motion 
resulting from coronary disease has been categorized 
into several descriptive patterns under the general 
term asynergy (Fig. 6).7° The degree of hemodynam- 
ic impairment is directly related to the quantity of 
cardiac muscle involved in the asynergic process. 
Thus, when 20 to 25 percent of left ventricular myo- 
cardium fails to function adequately, as can be 
defined by left ventriculography, normal myocardi- 
um is unable to compensate completely, overall ven- 
tricular function is depressed and cardiac failure 
may ensue.®! Although related to coronary artery 
disease, asynergy is uncommon in the absence of 
associated permanent loss of myocardium. Thus, we 
have found that in patients with acute or remote 
myocardial infarction, as indicated by the electrocar- 
diogram, abnormal ventricular motion is almost a 
constant finding whereas, even in severe coronary ar- 
tery disease without electrocardiographic evidence of 
infarction, left ventricular asynergy is unusual in the 
unstressed ventricle.72 However, with the onset of 
acute myocardial ischemia, as in angina, frank asyn- 
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ergy can develop in a previously normally contract- 
ing ventricle in association with a normal electrocar- 
diogram (Fig. 5). In angina pectoris, this is a tran- 
sient reversible phenomenon, whereas in the infarct- 
ed ventricle the asynergy is a permanent manifesta- 
tion of necrosis and subsequent scarring. 

The same complex of altered physiology observed 
during experimental myocardial ischemia is mani- 
fested during this state in man. Thus, in addition to 
regional abnormalities of cardiac muscle perfor- 
mance and hemodynamic function, there are alter- 
ations in myocardial metabolism and the electrocar- 
diogram. These changes are also manifested by myo- 
cardial lactate production, enhanced glucose extrac- 
tion and S-T segment depression.31-34.54 

The reversible nature of angina is emphasized. The 
acute myocardial ischemia characteristic of this syn- 
drome is transient and, thus, the entire spectrum of 
functional manifestations of the metabolic defect, in- 
cluding deranged ventricular contractile pattern and 
depressed hemodynamic performance, is short-lived, 
reversion to previous status generally occurring with- 
in minutes.96-95 Support for the absence of myocar- 
dial damage during angina is provided by metabolic 
studies that document myocardial ischemia during 
acute episodes of pain and simultaneously reveal no 
evidence of necrosis. Thus, in association with symp- 
toms or electrocardiographic indications of ischemia, 
or both, myocardial lactate production has not been 
accompanied by evidence of enzyme release from 
heart muscle, as assessed by coronary sinus sam- 
pling.?? 


Congestive Heart Failure 


The relation between coronary artery disease and 
cardiac failure merits further discussion. Although 
transient episodes of myocardial ischemia can clearly 
produce temporary depression of left ventricular 
function, coronary artery disease in the absence of 
permanent damage to myocardial muscle is uncom- 
monly associated with significant, sustained impair- 
ment of cardiac performance under normal condi- 
tions. Thus, in the great majority of patients with 
coronary artery disease without previous myocardial 
infarction, indexes of ventricular performance such 
as cardiac output, left ventricular end-diastolic pres- 
sure and synergy of contraction are unimpaired. This 
finding is consistent with the clinical observation 
that cardiac failure is not usually a significant fea- 
ture in the patient with angina who has not had a 
previous myocardial infarction. 

Underlying coronary artery disease: In those 
instances of compromised function without previous 
infarction, coronary artery disease is usually extensive 
and involves the left main coronary artery or the 
proximal portion of the left anterior descending ar- 
tery. This follows from the relative importance of the 
individual coronary arteries to ventricular function. 
Although the latter relation has not been quantita- 
tively assessed, it would be expected, from the ex- 


tensive distribution of the left anterior descending 
artery to the free wal! of the left ventricle and inter- 
ventricular septum, that this artery would be of 
primary importance among the three major coronary 
trunks, including the right and left circumflex ves- 
sels, in the delivery of myocardial blood supply. The 
left main coronary artery would be even more vital. 
Conversely, since the right coronary artery supplies a 
more limited area of the left ventricle, this artery is 
generally important in maintaining the integrity of 
ventricular function. Studies thus far have dealt 
with the relation between the number of diseased 
coronary vessels—rather than the specific vessels— 
and impairment of myocardial function. No clear 
relation is apparent with regard to number of in- 
volved vessels.*? On the other hand, the primacy of 
the left anterior descending artery to left ventricular 
function is supported by the more serious hemody- 
namic consequences of anterior myocardial infarc- 
tion, a result of disease in this vessel, compared to 
the consequences of inferior infarction, which is usu- 
ally the result of involvement of the right coronary 
artery. 

The lack of overt impairment of cardiac hemody- 
namics at rest in patients with coronary disease 
without previous myocardial infarction does not 
imply the presence of a normal ventricle. Indeed, 
cardiac reserve is diminished, response to an in- 
creased work load inadequate and functional impair- 
ment manifest when the ventricle is stressed.19.11. 
31-88,00-68,74 (Fig. 4 and 5). Thus, although de- 
pressed contractile performance may not be appar- 
ent in association with coronary disease in the absence 
of stress, diminished functional capacity is the rule. 

Electrocardiographic correlation: The relation 
between the electrocardiogram and ventricular func- 
tion has been of considerable interest to us. Our 
studies indicate that within limits the electrocardio- 
gram identifies the presence of*3:78 and localizes??: 
*8 left ventricular asynergy, provides a quantitative 
estimate of its extent'* and bears a consistent rela- 
tion to left ventricular functional status.73 The pres- 
ence of pathologic Q waves correlates closely with left 
ventricular asynergy, the site of which is localized by 
the electrocardiogram.7?.78 Further, other electro- 
cardiographic abnormalities, such as convex S-T seg- 
ment elevation and T wave inversion, in addition to 
Q waves, are associated not only with the presence of 
left ventricular aneurysm, as classically described, 
but with asynergy of considerably greater extent than 
is observed when these ST-T wave abnormalities are 
not present./5 As noted previously, hemodynamic 
function in patients with coronary disease is usually 
not overtly abnormal in the absence of previous myo- 
cardial infarction. This relation is most meaningful 
when infarction is based on electrocardiographic pres- 
ence of pathologic Q waves. When Q waves of 0.04 
second duration are present and are related to involve- 
ment of the anterior or combined anterior and inferior 
regions of the left ventricle, hemodynamics are usual- 
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ly altered."3 On the other hand, prior inferior myocar- 
dial infarction is seldom associated with depressed 
left ventricular function.7? Previous myocardial in- 
farction, as determined by electrocardiographic diag- 
nosis, is also more closely related to ventricular func- 
tional status than is associated coronary artery dis- 
ease, as indicated by coronary arteriography.** Thus, 
again, overtly depressed function is unusual without 
associated electrocardiographic evidence of previous 
myocardial infarction regardless of the extent of coro- 
nary artery disease, and function may be seriously 
altered if there has been an extensive anterior infarc- 
tion in the past regardless of the number of diseased 
coronary vessels. *# 


Myocardial Infarction 


Myocardial infarction is the result of irreversible 
ischemic injury to myocardial cells. The consequent 
loss of functioning cardiac tissue is the primary 
cause of sustained cardiac failure in patients with 
coronary artery disease. The pathophysiologic basis 
of the ischemia which progresses to infarction is, as in 
angina, a disparity between myocardial oxygen sup- 
ply and demand. However, in myocardial infarc- 
tion, this imbalance is more intense and prolonged, 
persisting beyond the duration for which cell viabili- 
ty can be maintained. Cellular metabolic and electri- 
cal activity cease, necrosis of cardiac muscle ensues, 
and electrocardiographic evidence of transmural loss 


of myocardium appears and is generally permanent. | 


However, diminution or disappearance of abnormal 
Q waves may occur, especially in inferior infarction, 
within months or years.79:8° When infarction is not 
transmural the electrocardiographic changes are less 
specific. The functional derangements observed in 
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the acute transient ischemia of the anginal syndrome 
are usually present to equal or greater degree in myo- 
cardial infarction. But the conditions differ funda- 
mentally in that, with the loss of myocardium in in- 
farction, associated functional impairment is general- 
ly irreversible. However, there is some capacity for 
recovery, as indicated by experimental studies**.51 
demonstrating improved hemodynamic function in 
the early postinfarction period as compared to the 
acute stage. . 

Although there is some evidence of impaired cardi- 
ac performance in most patients with acute myocar- 
dial infarction,82:83 virtually the entire functional 
spectrum is present in the group as a whole.99 Thus, 
hemodynamic evaluation has revealed myocardial 
function ranging from normal to the shock state in 
this syndrome.95 However, significant depression of 
ventricular performance is common, as indicated by 
a 40 to 50 percent incidence of congestive cardiac fail- 
ure’4 and a 10 to 15 percent incidence of cardiogenic 
shock.92.93 The significance of cardiac pump dys- 
function in myocardial infarction is emphasized by 
its role as the leading cause of mortality—accounting 
for 80 percent—in patients reaching the hospital 
with infarction.9? Although the overall hospital mor- 
tality rate in acute myocardial infarction is 12 to 20 
percent,®° it rises to 40 percent when congestive fail- 
ure occurs and is over 80 percent in the presence of 
shock.®? 

The fundamental pathologic alteration underlying 
cardiac pump dysfunction in acute myocardial in- 
farction is the loss of functioning myocardium, and 
the depression of cardiac performance is directly re- 
lated to the extent of myocardial damage. Relatively 
small areas of infarction may be associated with lit- 
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FIGURE 7. Diagrams of left ventricular angiograms of patients with acute myocardial infarction (M.I.). The inferior infarction is associ- 
ated with inferior wall hypokinesis and is clinically uncomplicated. Heart failure is associated with extensive anterior wall akinesis in 
the anterior infarction. The anterior-inferior infarction is complicated by shock resulting from the severe, diffuse impairment of contrac- 
tile function. Ejection fraction (E.F.) is progressively decreased with increasing involvement of left ventricular myocardium. 
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tle or no discernible impairment of cardiac perfor- 
mance,® whereas in myocardial infarction with 
shock loss of functioning myocardium is nearly al- 
ways extensive, involving at least 40 percent of left 
ventricular muscle mass as documented by postmor- 
tem studies in man.94:65 These findings are consis- 
tent with results of angiographic studies of the left 
ventricle, which we have performed in patients with 
acute infarction which demonstrate severe asynergy 
of a massive proportion of left ventricular myocardi- 
um when shock is present as opposed to more modest 
involvement in uncomplicated infarction (Fig. 7). 


Collateral Circulation 


In relation to the quantity of myocardium involved 
by an infarction, the coronary collateral circulation 
has classically been assigned an important protective 
role as a factor limiting infarct size.87 More recently, 
the functional significance of coronary collateral ves- 
sels in man has received considerable investigative at- 
tention, the results of which are largely inconsistent 
with older views. Angiographically demonstrable cor- 
onary collateral arteries have been found only in the 
presence of severe coronary obstructive disease.10.88.89 
Although their anatomic presence implies a protec- 
tive effect, and experimental studies indicate en- 
hancement of coronary blood flow in the presence of 
collateral channels,99-9? clinical data are at variance 
with these suggested effects. Recent evaluation of the 
contribution of collateral arteries to coronary blood 
flow in man indicates that they provide minimal 
augmentation of regional perfusion.93 Thus, there 
has been no consistent evidence in man for their 
beneficial effect on symptoms,10.85.89 the resting or 
exercise electrocardiogram,!9.5? hemodynamic func- 
tion19.59.94 or regional myocardial performance.19. 
88.89 Further, the prevalence of ventricular ectopic 
beats is not diminished by the presence of collateral 
vessels,?5 and initial evidence indicates that survival 
rates have not been altered by their presence.88.96 

Correlation with extent of myocardial infarc- 
tion: Consistent with these findings and directly re- 
lated to the question of the protective effect of col- 
lateral vessels are postmortem studies demonstrating 
a lack of relation between collateral coronary arteries 
and the presence and extent of documented myocar- 
dial infarction.?* Thus, although collateral arteries 
may provide some increase in regional myocardial 
blood flow, the increment may be insufficient to pro- 
duce functional clinical benefit. These clinical stud- 
ies are based largely on angiographic data and retro- 
spective analysis, and their methodologic limitations 
must be appreciated. It is thus possible that although 
all collateral vessels in the myocardium are not ef- 
fective in enhancing coronary blood flow, selected 
larger ones may be, although not evident by present 
methods of analysis. Conclusions concerning the 
functional significance of: the coronary collateral 
circulation in man are therefore not justified on the 


basis of current data and must await further investi- 
gation. 


Cardiogenic Shock 


Since, in the coronary care urit, cardiac pump 
failure is the chief cause of fatality in myocardial in- 
farction, which in turn is determined by the size of 
the infarct, prognosis is closely related to the latter. 
Thus, ability to quantify infarct size would allow ra- 
tional application of the variety of therapeutic ap- 
proaches available and systematic evaluation of their 
efficacy. Degree of functional impairment, which in 
myocardial infarction is largely a reflection of the 
quantity of myocardium lost, has been utilized to as- 
sess prognosis. Thus, the capacity of the infarcted 
ventricle to perform hemodynamically, as determined 
in terms of cardiac work$93.84.100 or stroke work95.84. 
98-100 delivered, has provided a useful indication of 
prognosis. Just as the electrocardiogram relates to 
cardiac performance in regard to remote infarction, 
it is also useful in acute myocardial infarction in the 
prediction of ventricular function and, as a concomi- 
tant, prognosis. Thus, cardiac performance, as as- 
sessed by catheterization in the acute phase, is most 
impaired in infarction involving the combined ante- 
rior-inferior regions of the left ventricle as localized 
by electrocardiogram, is depressed with extensive 
anterior infarction and is commonly within the nor- 
mal range in inferior infarction, 109.101,101a thereby 
suggesting a similar relation of electrocardiographic 
infarct pattern to quantity of myocardium destroyed. 
As would be anticipated, the same descending order 
of frequency in relation to the eleetrocardiographic 
location of infarction applies to the incidence of car- 
diac pump failure and mortality from this syndrome 
in acute myocardial infarction.100.10: l 

Relation to location and size of myocardial in- 
farct: That the extent of myocardial involvement is 
greatest in anterior-inferior infarction, least in inferi- 
or infarction and intermediate but considerable in 
anterior infarction, is confirmed by angiographic 
studies of the left ventricle involved with acute or re- 
mote infarction.73:78.86 Thus, in combined anterior- 
inferior infarction asynergy is extensive and left ven- 
tricular ejection fraction may be markedly de- 
pressed, a condition associated with severe pump 
dysfunction or shock, whereas only a mild to moder- 
ate decrease in ejection fraction without clinical 
manifestations of cardiac failure often occurs in infe- 
rior infarction.8® A more precise approach has been 
the recent development of a method for indirect esti- 
mation of infarct size in man, and thereby prognosis, 
based on serum enzyme analysis.1°2 Favorable prog- 
nosis in that study correlated inversely with estimat- 
ed extent of myocardial damage, the latter differing 
considerably between survivors and nonsurvivors. 
Another promising, noninvasive innovation is that of 
cardiac scintiphotography, which utilizes intravenous- 
ly injected radioisotope to image the left ventricle and 
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thereby localize and quantify asynergy and deter- 
mine ejection fraction.1° 

Other factors causing pump failure: Although 
cardiac pump dysfunction in acute myocardial in- 
farction is principally related to quantity of damaged 
myocardium, other factors may also contribute. Me- 
chanical causes of impaired cardiac pump perfor- 
mance are significant in a small proportion of pa- 
tients with myocardial infarction. Thus, ruptured 
interventricular septum and mitral regurgitation re- 
sulting from ischemic dysfunction of a papillary mus- 
cle are complications of myocardial infarction that 
may be superimposed upon the preexisting abnor- 
mality of cardiac muscle performance. Their signifi- 
cance lies in the catastrophic impairment of cardiac 
function they may produce and their potential for 
complete alleviation by surgical correction. In the 
case of acute ventricular septal defect, in which the 
high risk of surgery has usually precluded correction 
before several weeks or, more commonly, months, 
current techniques have allowed intervention in the 
acute stages,!°4 as exemplified by recent successful, 
long-term correction in two of our patients in the 
first 24 hours after septal rupture associated with 
acute myocardial infarction.109 

Hypovolemia and reduced peripheral vascular 
resistance: Extramyocardial factors also appear to 
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contribute to circulatory failure in a small number of 
patients with myocardial infarction. Thus, hypovo- 
lemia!06$ and inadequate response of the peripheral 
vasculature to reduced perfusion pressure!107.108 may 
be important in the production of low cardiac output 
and hypotension. Indeed, either of these deficiencies 
in the presence of reduced contractility resulting from 
infarction, not in itself sufficient to cause cardiac fail- 
ure, may lead to cardiocirculatory shock. Hypo- 
volemia in acute myocardial infarction may result 
from diuretic therapy, low fluid intake, emesis, in- 
adequate fluid replacement and hyperventilation. 
Impairment of peripheral vascular responsiveness has 
been attributed to mechanical!99:11° and chemi- 
cal197.111 reflexes arising in the injured myocardium. 
Although hypovolemia and reduced total peripheral 
vascular resistance apply to a small proportion of 
patients with myocardial infarction and shock, these 
physiologic alterations may contribute to a syndrome 
of severe circulatory failure that, because it is not en- 
tirely related to the myocardial insufficiency, usually 
responds favorably to appropriate medical therapy. 
By contrast, when the syndrome is the result of a 
massive destruction of left ventricular muscle, as it 
is in the great majority of cases observed, it is re- 
fractory to medical treatment except in unusual 
circumstances. 
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The sympathetic nervous system exerts an important direct effect on 
cardiac function which is mediated by the release at the terminal 
sympathetic nerve endings of the neurotransmitter norepinephrine. 
These nerve terminals are complex structures involved in synthesis, 
uptake, binding and storage as well as release of norepinephrine. 
The evidence for alteration of many of these functions in congestive 
heart failure, which is characterized by a depletion of myocardial 
norepinephrine stores, is reviewed. Although cardiac norepinephrine 
depletion alone is not responsible for the intrinsic depression of car- 
diac contractility in failing heart muscle, this depletion probably re- 
moves a potentially important compensatory mechanism for aug- 
menting myocardial force development and velocity of contraction in 
the failing heart. 

Evidence for parasympathetic-sympathetic system interactions as 
they affect the heart, as well as alterations in the parasympathetic 
nervous system in heart failure, is also presented briefly. 


The sympathetic nervous system represents a major control mecha- 
nism in the moment to moment regulation of the normal circulatory 
response to the changing metabolic requirements of the tissues. This 
system provides a sensitive mechanism for rapid alteration of myo- 
cardial contractility, heart rate and peripheral venous and arterial 
tone. The sympathetic nervous system occupies a crucial role in the 
responses of man to physical exercise; the increases in heart rate, 
stroke volume, cardiac output, left ventricular work and velocity of 
muscle fiber shortening that occur with exercise are due in part to 
augmented sympathetic activity.!? Further, many of the normal 
cardiovascular responses to exercise can be drastically altered by 
sympathetic blockade.?.3 Tachycardia, diaphoresis, peripheral vas- 
cular constriction and suppression of formation of urine are well 
known clinical expressions of increased sympathetic nervous system 
activity in congestive heart failure. Since the sympathetic nervous 
system is of obvious importance in understanding the concept of car- 
diac reserve, many investigators in recent years have studied this 
system in congestive heart failure, in which cardiac reserve is limited 
and alterations in circulatory responses are evident. It is well appre- 
ciated that the sympathetic nervous system is of considerable impor- 
tance in the regulation of peripheral arterial and venous tone as well 
as cardiac function. However, this review will concentrate on the di- 
rect influences of the sympathetic nervous system on the normal and 
failing heart. 


Normal Pathways of Sympathetic Stimulation 


Nerve terminals from the network of sympathetic nerves that sup- 
ply the cardiovascular system can be found in arteries, veins and all 
chambers of the heart, including the conduction system as well as 
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the myocardium. Stored in the nerve terminals are 
large concentrations of the neurotransmitter norepi- 
nephrine; stimulation of these nerves results in the 
discharge of this norepinephrine, which acts upon 
the cardiac cellular beta receptor mechanism, to 
exert effects dependent upon the site of stimulation. 
Increases in heart rate occur with stimulation of the 
sinoatrial node, increased velocity of conduction oc- 
curs through the atrioventricular junctional tissues, 
and augmentation of myocardial contractility occurs 
when the beta receptors are stimulated in the myo- 
cardium. It is thought that these effects are mediated 
indirectly through the activation of adenyl cyclase 
with resultant formation of adenosine 3’,5’ - phos- 
phate (cyclic AMP) within the cells.*:° However, 
some have postulated that the increased contractility 
is due to a direct effect of norepinephrine in increas- 
ing the rate of uptake of calcium by the sarcoplasmic 
reticulum. 

The synthesis of norepinephrine, as well as uptake 
and binding of circulating norepinephrine, is also ac- 
complished within these neurons. Synthesis of nor- 
epinephrine by these nerve endings probably ac- 
counts for 80 to 90 percent of that catecholamine in 
the heart.7-8 The major pathway in this synthesis in- 
volves the uptake from the blood of the amino acid 
precurser tyrosine by the nerve endings. Tyrosine hy- 
droxylase, present in the mitochondria, catalyzes the 
first transformation to dihydroxy phenylalanine 
(DOPA), which is in turn transformed by a cytoplas- 
mic decarboxylase enzyme to dopamine. The final 
step in biosynthesis occurs in a specialized subcellu- 
lar particle, the granulated vesicle, where the en- 
zyme dopamine beta oxidase converts dopamine to 
norepinephrine.? Tyrosine hydroxylase is believed to 
be the major enzyme regulating the rate of synthesis 
in this sequence.!? Circulating norepinephrine is 
taken up by these nerve endings and accounts for the 
remaining 10 to 20 percent of cardiac norepinephrine 
in the nerves. The catecholamine from both synthe- 
sis and uptake is retained in a physiologically inac- 
tive form in the storage granules.!! Wurtman!? has 
characterized these granules as a tissue buffer sys- 
tem not unlike serum protein buffers that bind cir- 
culating hormones. Thus, these granules bind and 
store norepinephrine and retard its diffusion into the 
neuronal cytoplasm protecting it from enzymatic de- 
struction by monoamine oxidase, which is present 
within the neuron. The granules release the stored 
catecholamine from the neuronal cell when stimulat- 
ed by action potentials along the sympathetic nerve 
terminals. The granules have the further important 
function of uptake of free norepinephrine either pre- 
viously released from the granule!? or circulating lo- 
cally. Thus, by retaining the norepinephrine in a 
chemically unchanged but physiologically inert form, 
these granules may provide one mechanism for the 
termination of the action of norepinephrine. Two en- 
zymes are responsible for the destruction of norepi- 
nephrine. Part of this retained norepinephrine may 
be subsequently discharged slowly from the nerve to 
be catabolyzed to the extraneuronal tissue enzyme 


catechol O-methyltransferase.14 Some of the norepi- 
nephrine is inactivated within the nerve by monam- 
ine oxidase, the major intraneuronal catabolizing en- 
zyme.15 


Sympathetic Activity in Heart Failure 


Effect of exercise: During physical exercise in 
normal man, augmented sympathetic activity can be 
estimated by measuring the changes in arterial plas- 
ma norepinephrine concentration, since a portion of 
norepinephrine released at the nerve terminals enters 
the circulating blood. In normal subjects, moderate 
muscular exercise is associated with an elevation of 
arterial norepinephrine from an average control level 
of 0.28 ug/liter to an exercise level of 0.46 ug/liter, a 
change of borderline significance.!6 In patients with 
congestive heart failure, there is good evidence for 
increased resting values of arterial plasma norepi- 
nephrine concentration, and in these subjects moder- 
ate exercise elevated the arterial norepinephrine 
from an average control value of 0.63 ug/liter to the 
exercise value of 1.73 ug/liter.!9 Values in patients 
with heart disease but without evidence of heart fail- 
ure did not differ from normal. From these studies it 
was concluded that the excessive augmentation of 
plasma norepinephrine concentration during exercise 
in patients with heart failure reflected an increased 
response of the sympathetic nervous system to exer- 
cise and that this increased response may have had 
an important supportive role in such patients. 

Urinary excretion of norepinephrine: The daily 
urinary excretion of norepinephrine has been exam- 
ined and compared in normal persons, patients with 
heart disease without congestive failure and patients 
with congestive heart failure as an estimation of the 
overall level of sympathetic activity.17 Excretion of 
norepinephrine averaged 22 ug/day in.both of the 
first two groups and was significantly increased in 
the patients with heart failure, averaging 46 ug/day 
in patients with functional class III status (New 
York Heart Association classification) and 58 ug/day 
in patients with class IV status. Thus, further evi- 
dence for augmented activity of the sympathetic ner- 
vous system, reflected in increased urinary excretion 
of norepinephrine at rest, has been provided. 

Myocardial concentrations of norepinephrine: 
Given this apparent increased level of sympathetic 
autonomic activity in patients with heart failure, the 
subsequent finding of depletion of norepinephrine in 
human myocardial tissue removed at the time of cor- 
rective cardiac surgery was of interest.17.15 The con- 
centration of norepinephrine in the atrial appenda- 
ges averaged 1.77 ug/g in 34 patients who had not 
had heart failure before operation. In 49 patients 
with heart failure, the norepinephrine concentration 
in the atrial tissue was significantly less, averaging 
only 0.49 ug/g (P <0.01). In the 26 patients, all of 
whom had or had experienced heart failure and then 
underwent mitral valve replacement, the norepi- 
nephrine concentration in left ventricular papillary 
muscle averaged 0.52 ug/g. Comparison of the nor- 
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FIGURE 1. The average norepinephrine concentration of the 
right and left ventricles of normal cats and cats with right ven- 
tricular hypertrophy (RVH) and congestive heart failure (CHF). 
Vertical lines with cross bars = +1 standard error of the mean. 
Numbers in parentheses — number of animals in each group. 
(Reprinted by permission of the American Heart Association, 
Inc. from Spann et al.?3) 


epinephrine concentrations in the ventricular and 
atrial tissues in the individual patients revealed a 
significant positive correlation (P «0.05). In the 12 
patients whose atrial concentrations were less than 
0.40 ug/g, the ventricular concentrations averaged 
only 0.27 ug/g. In the 15 patients whose atrial con- 
centration exceeded 0.40 ug/g, the ventricular con- 
centrations were higher, averaging 0.73 ug/g. 

There is now abundant evidence for the depletion 
of cardiac norepinephrine stores in experimentally 
induced heart failure. Thus, in left heart failure pro- 


j19/gm 


Norepinephrine Concentration 





DAYS 





duced by constriction of the ascending aorta of the 
guinea pig!9-2° or in right heart failure induced in 
the dog by production of pulmonary stenosis and tri- 
cuspid insufficiency?! or in right ventricular hyper- 
trophy with or without heart failure produced by dif- 
ferent degrees of pulmonary arterial constriction in 
the cat,??.?3 there is a profound reduction in cardiac 
norepinephrine concentration (Fig. 1). This depletion 
of norepinephrine is present in both the right and 
left ventricles regardless of which ventricle is 
subjected to the primary hemodynamic burden. The 
total content of cardiac norepinephrine is also pro- 
foundly depressed (Fig. 2, C and D), reflecting a true 
depletion of norepinephrine in heart failure rather 
than dilution of a normal complement of norepi- 
nephrine by hypertrophy of the heart. The ventricu- 
lar myocardium of cats in which hypertrophy is pro- 
duced without the occurrence of congestive heart 
failure also showed this depletion (Fig. 1). 

In cardiac hypertrophy induced in rats by pro- 
longed intense physical exercise on treadmills, cardi- 
ac norepinephrine concentration remains un- 
changed,?* thus suggesting that the hemodynamic 
burden of markedly increased afterload might be an 
important consideration in the depletion of cardiac 
norepinephrine stores. Recently, LaFarge et al.25 
demonstrated in the innervated dog heart an in- 
creased rate of norepinephrine efflux from the coro- 
nary sinus when left ventricular peak pressure was 
acutely increased by 100 mm Hg by clamping of the 
ascending aorta. They postulated that such in- 
creased peak left ventricular pressures may be one 
mechanism explaining depletion of cardiac norepi- 
nephrine. Increases in left ventricular end-diastolic 


FIGURE 2. Time course of 
changes in norepinephrine concen- 
tration in ug/g (A and B) and 
time course of changes in total 
norepinephrine content in each 
ventricle expressed as ug/kg body 
weight (C and D). Solid circles and 
vertical bars represent the mean 
values +1 standard error of the 
mean obtained from animals with 
congestive heart failure. Horizontal 
lines and hatched areas represent 
the mean +1 standard error of the 
mean obtained from 15 normal 
animals. Numbers in parentheses 
at bottom of panel A refer to the 
number of animals sacrificed at 
each point in time which provided 
the data shown in all four panels. 
(Reprinted by permission of the 
American Heart Association, Inc. 
DAYS from Spann et al.??) 
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pressure up to 49 mm Hg did not affect efflux of nor- 
epinephrine, and induced increases in heart rate pro- 
duced changes in efflux of only borderline signifi- 
cance. 

The time required after onset of heart failure for 
depletion of cardiac norepinephrine has been deter- 
mined in the guinea pig?? (Fig. 2). Although the left 
ventricular norepinephrine concentration was not de- 
pressed 1 day after operation, it had fallen to values 
that averaged 22 percent of control by the 5th day 
after aortic constriction and remained depressed for 
the 65 day observation period. In contrast to the de- 
pletion observed in the heart, there was no signifi- 
cant change in renal norepinephrine stores when the 
group with congestive failure was considered as a 
whole, thereby suggesting that adrenergic nerves in 
other tissues need not be affected by the heart failure 
state. However, in a few animals, depression of renal 
norepinephrine accompanied profound depression of 
cardiac norepinephrine stores.?° 


Mechanisms of Cardiac Norepinephrine 
Depletion 

Defect in neuronal binding of norepinephrine: 
As has been described, the nerve terminals are com- 
plex structures involved in synthesis, uptake, bind- 
ing, storage and release of norepinephrine. Most of 
these functions have been studied in an effort to de- 
termine the mechanisms by which cardiac norepi- 
nephrine is depleted. The defect in neuronal binding 
of norepinephrine was determined by measurement 
of the norepinephrine retained in the hearts and kid- 
neys after infusion of /-norepinephrine in a group of 
normal guinea pigs and a group with congestive fail- 
ure.2° Figure 3 shows the elevations of norepineph- 
rine concentrations in the heart and kidneys pro- 
duced by the infusion of norepinephrine in 14 control 
animals and in 13 guinea pigs in which the aorta had 
been constricted 10 days previously. In the normal 
animals, the renal and left and right ventricular con- 
centrations of norepinephrine rose to peak values at 
the completion of the infusion; the concentrations 
declined over the ensuing 3 hours to values that ap- 
proached the control levels. In contrast, the increase 
in the ventricular concentrations in the animals with 
heart failure was minimal, whereas the renal norepi- 
nephrine in this group increased in a manner similar 
to that observed in the normal group. Thirty min- 
utes after completion of the infusion in the normal 
animals, the left ventricular norepinephrine concen- 
tration had increased by 1.16 ug/g, an increment 
above control which was significantly greater than 
that noted in animals with aortic constriction (0.32 
ug/g) (P <0.01). Similarly, in the right ventricle the 
augmentation of norepinephrine concentration ob- 
served 30 minutes after completion of the infusion 
was greater in the normal animals than in those with 
heart failure. Thirty minutes after the infusion, the 
plasma norepinephrine concentrations were compa- 
rable in the two groups, averaging 0.029 + 0.011 
ug/ml in the control animals and 0.033 + 0.014 ng/ml 
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FIGURE 3., Effects of infusion of norepinephrine (NE) on the 
concentrations of norepinephrine in the left ventricles (LV) (A), 
right ventricles (RV) (B), and kidneys (C) of normal guinea pigs 
(solid lines and circles) and guinea pigs with congestive heart 
failure (CHF, open circles and broken lines). Vertical bars rep- 
resent +1 standard error of the mean. Stippled areas represent 
duration of infusion, and the numbers in parentheses refer to the 
number of animals in each group sacrificed at the various 
times. (Reprinted by permission of the American Heart Associa- 
tion, Inc. from Spann et al.?°) 


in the constricted animals. Also, when tracer quan- 
tities of tritium-labeled dl-norepinephrine were in- 
jected into these animals, similar results were ob- 
served. One hour after injection of tritium-labeled 
dl-norepinephrine, the left ventricles of the normal 
guinea pigs contained an average of 0.76 + 0.01 
uc/g, whereas this value was only 0.37 + 0.05 uc/g in 
the animals with aortic constriction. Thus, if the de- 
pletion of norepinephrine in the human heart is also 
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associated with such a defect of uptake and binding, 
it is unlikely that repletion of these stores could be 
accomplished by administration of catecholamines. 

Turnover rate of intraneuronal norepinephrine 
(abnormality of uptake or binding): To investigate 
the net turnover rate of intraneuronal norepineph- 
rine, a small dose of radioactive norepinephrine was 
administered to normal guinea pigs and those with 
heart failure, and its turnover was determined by 
monitoring the specific activity in the left ventricle 
for 72 hours.?° In both groups of animals, the decline 
of specific activity was complex and exhibited two 
exponential components. This finding is similar to 
the observations of other investigators,29.27 and is 
compatible with the presence of a multicompartmen- 
tal distribution of norepinephrine. The absolute lev- 
els of specific activity and the rates of disappearance 
were essentially identical in the normal animals and 
those with heart failure, indicating that the relative 
net turnover rates were the same, although the abso- 
lute net turnover rates were reduced in the animals 
with heart failure. Thus, in the animals with failure, 
the smaller increment of norepinephrine in the heart 
after infusion cannot be explained by a more rapid 
net turnover of norepinephrine, but must be inter- 
preted as an abnormality of uptake or binding, or 
both; it is likely that this defect is, in part, responsi- 
ble for the observed depletion of norepinephrine 
stores. In view of the smaller norepinephrine stores, 
the presence of a normal net turnover rate also indi- 
cates that the rate of formation in the ventricle must 
actually be reduced in the group with heart failure. 

Defect in norepinephrine synthesis: A defect in 
synthesis of norepinephrine in the failing heart has 
been reported by Pool et al.,28 who demonstrated a 
severe defect in the rate-limiting enzyme system nec- 
essary for the synthesis of norepinephrine. Tyrosine 
hydroxylase activity in the right ventricles of dogs 
with right-sided congestive heart failure and severe 
cardiac norepinephrine depletion was reduced from 
3.3 + 0.7 mumole/g per hour in the controls to 0.4 + 
0.1 mymole/g per hour in the animals with heart 
failure. In the right atria this enzyme activity was 
reduced from 4.9 + 1.0 mumole/g per hour in normal 
animals to 0.5 + 0.2 in the dogs with heart failure. 
Furthermore, a significant positive correlation was 
evident when the norepinephrine concentration and 
tyrosine hydroxylase activity were related to each 
other in the individual chambers of both normal and 
failing hearts. 

Krakoff et al.?9 investigated the role of the en- 
zymes that inactivate norepinephrine, catechol O- 
methyltransferase and monoamine oxidase, in exper- 
imental cardiac hypertrophy and congestive heart 
failure in cats. Although some differences existed in 
enzyme activity in the control and failure groups, the 
investigators concluded that such differences could 
not account for the striking reduction in cardiac nor- 
epinephrine content that occurs in heart failure. 

Mechanisms of defects in synthesis, uptake and 
binding of norepinephrine: The demonstration of 


defects in synthesis, uptake and binding of norepi- 
nephrine by the sympathetic neurons of the failing 
heart raises the question of possible mechanisms re- 
sponsible for these abnormalities, whether they be 
simple alterations in the nerve terminals or actual 
reduction in the total number of nerve endings. 

Falck et al.39 described a fluorescence technique 
whereby the localization of adrenergic nerves can be 
studied histochemically and Jacobowitz et al.,31 
using this technique, demonstrated parallel de- 
creases in norepinephrine content of the myocardium 
and fluorescence of catecholamine-containing fibers 
after denervation by mediastinal neural ablation. 
Vogel et al.32 recently demonstrated a similar corre- 
lation in calves with experimental heart failure in 
which reduced norepinephrine content paralleled the 
absence of fluorescence in terminal adrenergic fibers. 
The heart failure preparation used by these investi- 
gators was that of left pulmonary arterial ligation in 
a high altitude environment; this combination evokes 
progressive pulmonary hypertension and heart 
failure. Ligation of the left pulmonary artery does 
not result in pulmonary hypertension at sea level, 
and therefore animals in these studies can recover 
from heart failure by returning to sea level environ- 
ments. Of considerable interest, in two animals re- 
covery from heart failure was associated with both 
the restoration of cardiac norepinephrine concentra- 
tion and normal histochemical appearance of adren- 
ergic nerve distribution within 28 days of returning 
to sea level, and substantial changes toward the nor- 
mal were noted within 10 days. This has been the 
first finding to suggest that the abnormalities in 
heart failure, whether of storage, uptake, binding or 
synthesis, may be reversible and perhaps are more 
likely due to a metabolic dysfunction of the neuron 
rather than to actual anatomic loss of neural ele- 
ments. Further investigation of this important ques- 
tion of recovery of cardiac norepinephrine stores 
when heart failure is relieved is needed. 

Mathes et al.33 and Mathes and Gudbjarnason?4 
studied storage and metabolism of norepinephrine 
after experimental myocardial infarction. In brief, 
they found a marked decline in cardiac norepineph- 
rine, in both the infarcted and noninfarcted regions. 
Cardiac norepinephrine was completely absent from 
the infarcted area by the 4th day after infarction in 
dogs. In the noninfarcted tissue, there was a marked 
reduction of cardiac norepinephrine during the first 
10 days after infarction and this depletion occurred 
in both ventricles and, to a lesser extent, in both 
atria. Cardiac norepinephrine content began to in- 
crease in these areas 2 weeks after infarction until 
normal levels were reached at 6 weeks. These work- 
ers could find no correlation between tissue levels of 
norepinephrine and left ventricular function as re- 
flected by measurement the rate of rise of the first 
derivative of left ventricular pressure (dP/dt) and 
concluded that the decline and recovery of left ven- 
tricular function were followed rather than preceded 
by similar alterations in norepinephrine content. 
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They also studied the myocardial retention and sub- 
cellular distribution of endogenous and exogenous 
norepinephrine and showed that this remained unal- 
tered; approximately 60 percent was in the particu- 
late fraction and 14 percent was in the soluble frac- 
tion both when cardiac norepinephrine content was 
normal and when it was at its lowest point 10 days 
after infarction.33 This return to normal may testify 
to the possible reversibility of depleted norepineph- 
rine stores. 

Doyle35 advanced an interesting hypothesis con- 
cerning the mechanism of depletion of norepineph- 
rine from the myocardium. He found that both sodi- 
um depletion and sodium loading lower cardiac cate- 
cholamine levels in rats and suggested that the dis- 
turbance of uptake and storage of catecholamines in 
hypertension and in heart failure may be related to 
disturbances in sodium distribution. 


Cardiac Norepinephrine and Contractile 
Function 


The effect of cardiac norepinephrine depletion on 
the contractile function of the heart has been stud- 
ied?3; a profound depression of the intrinsic contrac- 
tile state of cardiac muscle isolated from the hearts 
of cats with pulmonary arterial constriction and 
overt congestive heart failure was demonstrated. 
This depression was characterized by a downward 
shift of the force-velocity curve with substantial re- 
duction of the intrinsic speed of contraction (Vmax) 
from the normal value of 0.90 + 0.08 muscle lengths/ 
sec to 0.34 + 0.06 in the animals with failure (Fig. 
4A), reduction of maximal active tension from the 
normal value of 6.2 + 0.7 g/mm? to 2.4 + 0.4 (Fig. 
4B), and depression of the maximal rate of tension 
development (df/dt) from 30 + 5 g/mm?/sec to 10 + 
3. The ventricles from which these failing muscles 
were removed were depleted of cardiac norepineph- 
rine stores, having an average concentration of 0.23 
+ 0.004 ug/g compared with the normal value of 
2.13 + 0.30. To assess the possibility that the cardiac 
norepinephrine depletion itself was responsible for 
the intrinsic depression of contractile performance in 
the failing heart muscle, the contractile state of car- 
diac muscle removed from hearts depleted of norepi- 
nephrine by a mechanism other than heart failure 
was examined.36 In 12 cats, cardiac norepinephrine 
depletion was produced by chronic cardiac denerva- 
tion; the contractile function of papillary muscles 
isolated from these hearts was studied in the same 
manner as the muscles from the failing hearts. The 
cardiac norepinephrine concentrations of the cardiac 
denervated animals were reduced to levels of 0.006 + 
0.003 ug/g, a value even lower than the values in the 
heart failure group. However, the contractile func- 
tion of cardiac muscle from the norepinephrine-de- 
pleted, denervated heart was not depressed (Fig. 4, 
A and B). It was concluded that cardiac stores of 
norepinephrine are not fundamental for maintaining 
the basic contractile state of the myocardium and 
that the cardiac norepinephrine depletion that oc- 
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FIGURE 4. Ventricular contractile state. A, Average force-veloci- 
ty relation in right ventricular papillary muscles isolated from 
normal cats (N) and cats with congestive heart failure (CHF) 
and denervation. Velocity is expressed on the ordinate as mus- 
cle lengths (Lo) /sec and total load is expressed on the abscissa 
as g/mm?. B, average maximal active tension developed at the 
apex of the length-tension curve in isolated cat right ventricular 
papillary muscles from the three groups of cats, expressed as 
g/mm?. All vertical bars equal + standard error of the mean, 
and each number in parenthesis represents the number of ani- 
mals in that group. 


curs in congestive heart failure is not responsible for 
the intrinsic depression of cardiac contractility in 
failing heart muscle. These conclusions have recently 
been corroborated in a series of experiments utilizing 
the isolated rat heart.?7 

Effect of circulating norepinephrine on failing 
heart: It has been found that the norepinephrine- 
depleted cardiac muscle from the failing heart is su- 
persensitive to exogenous norepinephrine.?3 The ino- 
tropic effect of [-norepinephrine was studied in the 
muscles from eight normal cats and six cats with 
pulmonary arterial constriction and depletion of 
right ventricular norepinephrine to a concentration 
of 0.39 ug/g or less. All muscles responded to norepi- 
nephrine with an increase in tension, and the incre- 
ments were actually greater in muscles from the cats 
with pulmonary arterial constriction. For example, 
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at a concentration of 10-7 M of [-norepinephrine, the 
increment in isometric force averaged 1.47 + 0.23 
g/mm? in muscles from cats with pulmonary arterial 
constriction, a value significantly greater than that 
observed in the normal muscles, 0.84 + 0.20 g/mm? 
(P <0.005). Thus, the dose-response curve was shift- 
ed upward, signifying an increased responsiveness to 
norepinephrine. Since the circulating arterial norepi- 
nephrine concentration is increased in heart failure!$ 
and the failing heart muscle is not only responsive to 
exogenous norepinephrine but even supersensitive to 
its positive inotropic effects, the circulating catechol- 
amines may play an important role in supporting the 
contractile function of the failing heart. If this is 
true, it would be expected that agents that block the 
cardiac beta sympathetic receptor sites would inten- 
sify heart failure in certain circumstances. Clinical 
experience with the beta adrenergic receptor block- 
ing agent propranolol has shown that in patients 
with advanced cardiac disease, congestive heart fail- 
ure can appear or increase when propranolol is ad- 
ministered.38 Vogel and Chidsey3? demonstrated in- 
creases in plasma levels of norepinephrine after pro- 
pranolol was given to calves in heart failure over and 
above the increases noted in heart failure alone; they 
suggested that this finding testifies to the general- 
ized adrenergic stimulation from  extracardiac 
sources, primarily the adrenal medulla, which serves 
to sustain cardiac performance in the failing heart. 
Cardiac norepinephrine depletion and transmis- 
sion of sympathetic impulses: The question of 
whether the cardiac norepinephrine depletion inter- 
feres with transmission of sympathetic impulses to 
the heart has been examined by Covell et al.40 in 
dogs with severe cardiac norepinephrine depletion 
and right heart failure due to tricuspid insufficiency 
and pulmonary stenosis. The chronotropic and ino- 
tropic responses to graded stimulation of the sympa- 
thetic nerves in 6 dogs with chronic right ventricular 
failure were compared with the responses of 13 nor- 
mal animals. The responses of heart rate and right 
ventricular contractile force to stimulation of the 
right cardioaccelerator nerve were sharply reduced in 
dogs with heart failure when these responses were 
compared to the responses in control animals. Fur- 
thermore, it was shown that the myocardium of the 
dogs with heart failure responded directly to exogen- 
ously administered norepinephrine. From these ob- 
servations it may be concluded that the quantity of 
neurotransmitter released per nerve impulse is dras- 
tically reduced in experimental heart failure with 
cardiac norepinephrine depletion. Since the maximal 
responses to nerve stimulation were very small in the 
failing heart, it would appear that even an abnormal 
increase in the impulse traffic along the cardiac sym- 
pathetic nerves would not substantially augment the 
contractile state of the failing myocardium. Thus, an 
important mechanism that could improve myocar- 
dial force development and velocity of contraction in 
the failing heart and thus provide compensation for 
the intrinsic defect of cardiac muscle function is seri- 


ously impaired in the failing heart. The myocardium 
apparently becomes more and more reliant upon cir- 
culating catecholamines from extracardiac sources to 
maintain its performance. 


Sympathetic-Parasympathetic Interactions in 
Heart 


Any discussion of the cardiovascular sympathetic 
nervous system would be incomplete without giving 
some attention to the possible effects and interac- 
tions induced upon that system by the parasympa- 
thetic nerves. Levy*! recently reviewed the complex 
nature of sympathetic-parasympathetic interaction 
in the heart and discussed the ramifications of this 
dual innervation wherein complicated interactions, 
favored by anatomic proximity of nerve endings of 
both systems, can occur between the systems. Thus, 
it has been well known that the cardiac acceleration 
produced by strong sympathetic stimulation can be 
overpowered by relatively weak vagal activity.42 
Moreover, the usual slight negative inotropic effect 
of acetylcholine on ventricular muscle may be mag- 
nified to a pronounced depression of myocardial con- 
tractility during increased activity of cardiac sympa- 
thetic nerves or infusion of exogenous norepineph- 
rine.53 Whether this might be due to a cholinergic- 
induced reduction in the amount of norepinephrine 
released or to an attenuation of the magnitude of re- 
sponse to a given adrenergic stimulus is still unset- 
tled, and other mechanisms might indeed be possi- 
ble. Cholinergic interventions themselves have been 
shown to be capable of releasing cardiac norepineph- 
rine.** Although acetylcholine exerts a negative ino- 
tropic effect similar to that of vagal stimulation on 
ventricular myocardium when used in small doses, 
Buccino et al.4° demonstrated a positive inotropic 
effect of acetylcholine on isolated papillary muscle of 
the cat when that drug was used at higher concen- 
trations. This effect was independent of cardiac nor- 
epinephrine stores, and they postulated that there 
may be two distinct cholinergic receptors in the 
myocardium. LaRaia and Sonnenblick*® recently 
demonstrated that the negative inotropic effects of 
cholinergic agents were associated with negative 
changes in adenylcyclase activity and cyclic adeno- 
sine monophosphate (AMP) whereas opposite effects 
were noted for norepinephrine, thus possibly impli- 
cating that enzyme system as the final mediator of 
both autonomic influences. Grodner et al.47 postula- 
ted that acetylcholine may interfere with the ability 
of norepinephrine to increase intracellular cyclic 
AMP 


Although it has been reported48 that myocardial 
acetylcholine content is normal in hypertrophied, 
failing left ventricles of experimental animals in 
which cardiac norepinephrine stores have been de- 
pleted by 75 percent and that such hearts show a 
normal response to vagal stimulation, Eckberg et 
al.49 recently demonstrated a reduced degree of 
parasympathetic influence on sinoatrial node auto- 
maticity in patients with heart failure as determined 
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by vagal blockade with atropine. Moreover, these in- 
vestigators found that baroceptor-induced slowing of 
the heart rate provoked by phenylephrine was mark- 
edly attenuated in patients with heart disease. Both 
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of these findings point to a marked abnormality in 
parasympathetic cardiovascular regulation in heart 
disease and may evoke further interest and experi- 
mentation in delineating these abnormalities. 
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Two abnormalities occur in the resistance vessels in congestive 
heart failure. First, there is an increased sympathetic tone to the pe- 
ripheral resistance vessels. Whether or not sympathetic tone is in- 
creased at rest depends on the severity of the heart failure and the 
symptomatic status of the patient. On the other hand, there appears 
to be a massive sympathoadrenal discharge during exercise which 
acts to attempt to maintain blood pressure and perfuse essential or- 
gans at the expense of nonessential circulations. The afferent limb of 
this reflex may originate in active skeletal muscle and be supernor- 
mally activated by the products of excessive anaerobic metabolism. 
Reduced baroreceptor activity in heart failure may preferentially 
facilitate the expression of this response. Second, there appears to 
be increased “vascular stiffness” of the peripheral arterioles that 
may be secondary to an increased vascular sodium content or a 
manifestation of increased tissue pressure seen in edema. During 
exercise this stiffness reduces the ability of the resistance vessels to 
dilate. This leads to a higher level of oxygen extraction which is ade- 
quate under basal conditions but is insufficient to meet aerobic 
needs of active muscle and results in a systemic lactic acidemia. In- 
terventions that reduce sympathetic alpha adrenergic tone or restore 
normal arteriolar dilator capacity might be expected to have the ad- 
verse effect of producing exertional syncope. 


With the development of congestive heart failure, there is a progres- 
sive reduction in the contractile state of the myocardium. With this 
reduction in contractility comes a deterioration of the function of the 
heart as a pump.!-3 A variety of central compensatory control mech- 
anisms come into play in an attempt to maintain circulatory homeo- 
stasis. These include the development of myocardial hypertrophy, 
that is, an increase in the number of contractile units, an increase in 
ventricular end-diastolic fiber length to optimize actin-myosin inter- 
action, and an increase in circulating catecholamines in an effort to 
increase myocardial contractility. These compensatory mechanisms 
are used to various degrees depending upon the etiologic mechanisms 
responsible for the production of heart failure.?.*7 When central 
compensatory mechanisms ultimately fail, various peripheral circu- 
latory mechanisms act to conserve the limited cardiac output.* 7% 
These mechanisms are most noticeable during exercise, which is the 
most important physiologic stress encountered by the patient with 
heart disease. During exercise a normal heart can adequately pump 
the entire venous return at a higher level of pressure to perfuse ade- 
quately the various regional circulations and satisfy their metabolic 
requirements. In contrast, the cardiac output response to exercise in 
patients with congestive heart failure is severely limited and results 
in an exaggerated increase in left ventricular filling pressure, little 
change in blood pressure and a failure to perfuse adequately vital or- 
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FIGURE 1. Diagrammatic representation of the components de- 
termining arteriolar tone at rest and with metabolic vasodilation 
(horizontal rows) in normal subjects and in patients with con- 
gestive heart failure (CHF) (vertical columns). The internal 
cross-sectional areas have beer drawn to scale on the basis of 
blood flow data. At rest there is increased sympathetic arteriolar 
tone in symptomatic patients with congestive heart failure. With 
metabolic vasodilatation, sympatholysis occurs and the stiffness 
component in congestive heart failure becomes important in 
limiting excessive regional blood flow. (Reprinted by permission 
from Zelis and Mason.3) 


gans. Since the cardiocirculatory response to exercise 
is complex, it is desirable to examine individually 
the various local metabolic and neurogenic factors 
governing the peripheral circulations to get a better 
understanding of how the body attempts to maintain 
circulatory homeostasis in heart failure (Fig. 1). 


Local Control of Skeletal Muscle Blood Flow in 
Congestive Heart Failure 


Reactive hyperemia response: During exercise 
two factors are important in determining regional 
blood flow: (1) a generalized sympathoadrenal dis- 
charge, and (2) the production of local vasodilator 
metabolites in exercising muscle. To evaluate the re- 
sponse of the skeletal muscle circulation to local 
metabolic factors in a setting that would not be de- 
pendent upon the ability of the heart to augment its 
output, the reactive hyperemia response was stud- 
ied.1? Reactive hyperemia is the large increase in re- 
gional blood flow that occurs after release of tempo- 
rary circulatory arrest (Fig. 2A). The reactive 
hyperemia blood flow in the forearm is principally 
determined by the accumulation of local vasodilator 
substances if the subject dces not have atherosclerot- 
ic arterial disease.14-17 Blood flow to a limb can easi- 
ly be measured by the noninvasive technique of ve- 
nous occlusion plethysmography with a simple mer- 
cury-in-rubber strain gauge plethysmograph.15.19 
With this device it was demonstrated that forearm 
blood flow in patients with congestive heart failure 
was considerably reduced during the resting state 
when compared with flow in normal subjects.12.20.21 
Systemic blood pressure was unaltered in these 
subjects, thus indicating that forearm arteriolar con- 


482 


striction was present in patients with heart failure 
under basal metabolic conditions. More important, 
it was noted that the increase in blood flow that was 
seen after restoration of the circulation to the isch- 
emic forearm (reactive hyperemia blood flow) was 
also considerably reduced (Fig. 2B). 

Two indexes of the reactive hyperemia response 
can be evaluated—peak blood flow response and 
total blood flow in excess of resting values.12.14.22.23 
Both of these indexes can be quantitated for various 
durations of circulatory arrest. Whereas the latter 
index progressively increases as the duration of cir- 
culatory arrest is prolonged, the peak blood flow re- 
sponse reaches a plateau and is not appreciably in- 
creased when the ischemic period is increased be- 
yond 5 minutes (Fig. 3). The plateau of the peak re- 
active hyperemia response represents the maximal 
ability of the arterioles to dilate with a metabolic 
stimulus. This maximal arteriolar dilation is rela- 
tively uninfluenced by endogenous sympathetic tone, 
which is effectively antagonized by local metabolites, 
a process termed functional sympatholysis.?*.25 Of 
major significance is that the maximal ability of the 
arterioles to dilate with this metabolic stimulus is 
appreciably reduced in congestive heart failure (Fig. 
3). Likewise, patients with heart failure exhibit a 
limited arteriolar vasodilator response to exercise, 
local thermal stress, intraarterial sodium nitrite and 
phentolamine.” This arteriolar stiffness can effec- 
tively limit blood flow to active muscle vascular beds 
when the patient with heart failure exercises and 
thus helps to maintain arterial pressure in the face of 
a limited cardiac output response.!°:11 

Causes of limited arteriolar dilator capacity: 
'The cause of the limited arteriolar dilator capacity in 
heart failure has not been completely elucidated; 
however, several possible contributing factors have 
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FIGURE 2. The reactive hyperemia response of a normal 
subject (A) and a patient with congestive heart failure (B). 
Forearm blood flow was measured serially with a mercury-in- 
rubber strain gauge plethysmograph. After determining basal 
forearm blood flow, arterial occlusion was produced for 5 min- 
utes. At time zero the circulation was restored, and 5 seconds 
later the peak reactive hyperemia blood flow (RHBF) was mea- 
sured. The total RHBF is the total blood flow in excess of con- 
trol values, the shaded area under the curves. Both peak RHBF 
and total RHBF are reduced in heart failure. (Reprinted by per- 
mission from Zelis et al.12) 
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been investigated. It is unlikely that increased sym- 
pathetic tone accounts for the limited vascular re- 
sponse to metabolites. In congestive heart failure the 
increased arteriolar stiffness was demonstrated de- 
spite forearm nerve blockade or alpha adrenergic 
blockade of a limb with intraarterial injection of 
phentolamine.!? Likewise, during systemic infusion 
of norepinephrine, which increased circulating nor- 
epinephrine levels to that normally seen in patients 
with congestive heart failure during exercise, there 
was no reduction in the reactive hyperemia re- 
sponse.!2 This is not surprising since effective com- 
petition between sympathetic adrenergic tone and 
local metabolites to determine regional blood flow in 
skeletal muscle is only evident during submaximal 
metabolic stimulation.24:25 During maximal meta- 
bolic stimulation, alpha adrenergic tone plays little 
role in the regulation of skeletal muscle blood flow. 

In normal subjects two major factors are thought 
to contribute to the hyperemia seen after release of 
temporary arterial occlusion. Part of the response is 
clearly related to local accumulation of one or a 
number of vasodilator substances. Also, it has been 
postulated that the reduction in arterial distending 
pressure that occurs distal to the site of circulatory 
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MINUTES OF ARTERIAL OCCLUSION 

FIGURE 3. Average peak reactive hyperemia blood flow 
(RHBF) (+ standard error of the mean) after release of 1, 3, 5 
and 10 minutes of arterial occlusion in normal subjects (solid 
circles) and patients with congestive heart failure (open cir- 
cles). The failure of the peak RHBF to increase significantly 
more when the duration of ischemia was prolonged beyond 5 
minutes suggests that the arterial resistance vessels had 
achieved maximal dilation. The plateau of peak RHBF was sig- 
nificantly less in congestive heart failure, indicating that in these 
patients resistance vessels have a limited ability to dilate to a 
eee stimulus. (Reprinted by permission from Zelis et 
al.1?) 
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FIGURE 4. Arterial sodium content of the aorta (A) and of a 
tertiary branch of the femoral artery (B) in normal dogs and 
dogs with congestive heart failure (CHF) induced by rapid ven- 
tricular stimulation with use of an implanted pacemaker at a 
fixed rate of 280 beats/min for 11 to 29 days. Animals with 
heart failure had increased left ventricular filling pressures, de- 
pressed contractile indexes and evidence of fluid retention 
(mean + standard error of the mean). (Reprinted by permission 
of the American Heart Association, Inc. from Zelis et al.29) 


arrest as blood collects in the capacitance vessels 
(Bayliss or myogenic hypothesis) leads to further re- 
duction in smooth muscle tone, especially after brief 
periods of circulatory arrest.??.23.26.?7 If the venous 
pressure were abnormally increased, as in heart fail- 
ure, then the reduction in intraarterial pressure 
would not be as great and a decrease in reactive 
hyperemia blood flow would be observed. However, 
when the forearm was packed with blood by venous 
congestion before the induction of ischemia, the dif- 
ferences in the reactive hyperemia response between 
normal subjects and patients with heart failure were 
still evident. Thus, different venous pressures could 
not be responsible for the observed differences in re- 
active hyperemia blood flow between groups.!? Simi- 
larly, if sympathetic tone were increased, there 
might be a reduced rate of decline of arterial pres- 
sure distal to the occluding cuff and the hyperemia 
response would be blunted, a phenomenon evoked to 
explain the inability to hear Korotkoff sounds during 
indirect blood pressure measurements in shock.?5 
Again, this might explain the reduction in reactive 
hyperemia blood flow after short periods of ischemia 
but would not be operating during periods of circula- 
tory arrest of 5 to 10 minutes' duration. 

Increased vascular resistance due to increase in 
vascular sodium content: One factor that might 
contribute to the arteriolar stiffness seen in conges- 
tive heart failure is an increase sodium or water con- 
tent of the resistance vessels. Initially it was noted 
that after diuresis there was some restoration of the 
reactive hyperemia response toward normal.!? In 
animals with experimental congestive heart failure, 
it was also demonstrated that the sodium content of 
large and small arteries was increased?? (Fig. 4). The 
observed changes in vascular sodium content are 
similar to those seen in essential hypertension in 
which a limited arteriolar dilator capacity has also 
been demonstrated.39.31 Lastly, when fluorocortisone 
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and salt were fed to normal volunteers in amounts 
that produced a significant increase in weight, there 
was a moderate attenuation of the peak reactive 
hyperemia response, thereby suggesting that the 
metabolic responsiveness of resistance vessels can be 
influenced by sodium retention in man.32 

Increase in tissue pressure in edematous states: 
Although an increased sodium content of the resis- 
tance vessels could explain part of the arteriolar 
stiffness in congestive heart failure, another factor 
was also considered. With maximal arteriolar dila- 
tion, two other sites in the vascular tree could serve 
as resistance vessels. The first is the large and medi- 
um size arteries.14-17 These vessels can be considered 
resistance vessels during periods of maximal arterio- 
lar dilation in patients with atherosclerotic peripher- 
al vascular disease. It is commonly observed that pa- 
tients with claudication do have a reduced peak re- 
active hyperemia response in the affected limbs. In 
the studies described, the patients with congestive 
heart failure had rheumatic heart disease, none had 
atherosclerotic disease and all had evidence of signif- 
icant sodium retention. Although edema was appar- 
ent in the lower limbs of these subjects, none was 
visible in the upper limbs where the diminished re- 
active hyperemia response was initially noted. How- 
ever, some increase in sodium and water retention in 
the upper limbs might have led to an increase in tis- 
sue pressure, especially in skeletal muscles surround- 
ed by poorly compliant fascia. It seemed likely that 
in the presence of a maximal arteriolar dilator stim- 
ulus that an increase in tissue pressure might ac- 
count for some increase in resistance at the level of 
the small vessels. 

, Although it has been suggested that changes in 
tissue pressure could alter resting blood flow and 
models have been proposed to explain how tissue 
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FIGURE 5. Blood flow measured by flowmeters simultaneously, bilaterally on the brachial arteries of a dog following restoration of the 
circulation (arrows) after 5 minutes of arterial occlusion. The reactive hyperemia response was measured before (control) and after 
congestion of the right forelimb at 70 mm Hg for 3 hours which resulted in an increase in indexes of tissue pressure. The depression in 
the reactive hyperemia response in the congested limb was markedly lessened following intravenous infusion of dextran, which re- 
duced tissue pressure and increased arterial pressure. 


pressure might regulate reactive hyperemia blood 
flow,33-35 it has only been recently demonstrated 
that such changes could indeed limit maximal meta- 
bolic blood flow in experimental animals. In a series 
of studies designed to evaluate the possible role that 
tissue pressure might play in regulating reactive 
hyperemia blood flow, maximal arteriolar dilation 
was evaluated using both autoperfused and con- 
stantly-perfused canine limbs.36 When the tissue 
pressure in the limb was increased by venous conges- 
tion, there was a marked attenuation of the reactive 
hyperemia response (Fig. 5). The increase in tissue 
pressure was demonstrated by direct needle mea- 
surement and by measurement of pressure within a 
chronically implanted endothelialized capsule.37.38 
Conversely, infusion of dextran in order to reduce 
tissue pressure induced  directionally opposite 
changes in metabolic blood flow (Fig. 5, C and F). 
Recently, similar studies in man have also demon- 
strated that chronic congestion of the forearm can 
result in attenuation of the peak reactive hyperemia 
response.3? 

Thus, it seems clear that in congestive heart fail- 
ure there is a limited ability of the muscle circula- 
tion to respond appropriately to an increase in vaso- 
dilator metabolites. This is partially accounted for 
by (1) a reduced arteriolar compliance probably re- 
lated to an increase in vascular sodium content, and 
(2) an increase in tissue pressure in edematous 
states. This increased peripheral vascular stiffness 
might be expected to reduce resting blood flow mini- 
mally but to have its major effect on limiting meta- 
bolically determined blood flow as in exercise. The 
reduction in regional perfusion of active skeletal 
muscle would therefore be expected to support blood 
pressure partially during exercise so that flow to the 
heart and brain could be maintained. 


September 20, 1973 The American Journal of CARDIOLOGY Volume 32 


Neurogenic Control of Regional Blood Flow in 
Congestive Heart Failure 


Increased sympathetic tone in heart failure: 
Whereas regional arteriolar stiffness may play a 
minor role in determining muscle blood flow during 
rest in patients with heart failure, an increase in 
sympathetic nervous system tone may be the more 
important determinant of blood flow to other re- 
gions.9.13.40 After alpha adrenergic and ganglionic 
blockade, patients with congestive heart failure have 
a greater percentage increase in limb blood flow and 
reduction in venous tone than normal subjects.1?:41: 
42 This finding has not been consistently observed by 
all investigators, and some have suggested that sym- 
pathetic tone may not be increased under basal con- 
ditions in patients with heart failure.*3:44 It seems 
most likely that during the resting state the degree 
to which the sympathetic nervous system is activa- 
ted depends entirely on whether the patient is com- 
fortable and compensated. If the subject is uncom- 
fortable at rest and clearly has functional class IV 
status (New York Heart Association classification), 
then one could more easily observe an increase in 
sympathetic tone and circulating catecholamines.*9 

This hypothesis most readily explains the different 
circulatory responses to a rapidly acting digitalis 
preparation by normal subjects and patients with 
congestive heart failure.?9.56.47 OQuabain normally 
produces a direct arteriolar constriction which is re- 
flected by an increase in systemic vascular resis- 
tance. On the other hand, in patients and animals 
with congestive heart failure, there is a paradoxical 
reduction in total systemic vascular resistance as 
well as vascular resistance in the limbs. In severe 
congestive heart failure when the cardiac output is 
reduced, the increased sympathoadrenal activity 
preferentially redirects blood away from the skin and 
renal circulations toward organs such as the heart 
and brain whose great metabolic requirements pre- 
dominate in governing their local blood flow. By 
augmenting cardiac output in patients with conges- 
tive heart failure, digitalis glycosides reduce the need 
for increased sympathetic tone as a compensatory 
mechanism. Thus, in heart failure the direct effect of 
digitalis on the peripheral resistance vessels is also a 
constriction. However, the indirect effect of digitalis 
is a reduction in sympathetic adrenergic tone which 
occurs as the result of improved myocardial perfor- 
mance. The indirect effect of the glycosides predomi- 
nates and the net effect is to increase regional blood 
flow to the limbs. 

Vascular catecholamine stress in heart failure: 
Whereas it is clear that myocardial norepinephrine 
stores are depleted in heart failure, results of studies 
on the catecholamine content of peripheral vessels 
are conflicting. In man it has been demonstrated 
that the norepinephrine released by tyramine is in- 
creased in the limbs.48 In these experiments the leg 
was used as its own bioassay. The increase in vascu- 
lar resistance that occurred after intraarterial injec- 


PERIPHERAL CIRCULATION IN HEART FAILURE—ZELIS ET AL. 


tion of tyramine was compared to the increase in re- 
sistance occurring after graded intraarterial injec- 
tions of norepinephrine. There was a fundamental 
similarity in the dose response curve to norepineph- 
rine in the patients with and without heart failure. 
Therefore, there did not appear to be a true hyper- 
sensitivity of the resistance vessels to norepinephrine 
in heart failure. The response to tyramine, however, 
suggested that more norepinephrine was released in 
patients with severe congestive heart failure than in 
those with minimal heart disease. 

On the other hand, results of a direct analysis of 
vascular norepinephrine content in two different ani- 
mal preparations suggest that vascular catechol- 
amine content is either normal or slightly re- 
duced.4*.4? In one animal experiment direct stimula- 
tion of the sympathetic nerves suggested that there 
was even a reduction in peripheral vascular respon- 
siveness.*4 Although the amount of norepinephrine 
released by neuronal stimulation and tyramine need 
not be similar, the differences seen in heart failure 
are in sharp contrast and have not yet been ade- 
quately explained. 

Baroreceptor responsiveness in heart failure: 
'There are also paradoxical data on baroreceptor re- 
sponsiveness in congestive heart failure. Normally, 
baroreceptor control of heart rate is predominantly 
parasympathetic.9? Both in animal and human ex- 
periments the heart rate response to baroreceptor 
stimulation has been shown to be attenuated.91-53 
Similarly, arteriolar constrictor responses to barore- 
ceptor stimulation have also been thought to be re- 
duced in heart failure.*! This has led to the postula- 
tion that both sympathetic and parasympathetic ef- 
ferent innervation are defective in congestive heart 
failure. These responses are quite in contrast to the 
cardiocirculatory responses observed during exercise 
in which a greatly exaggerated sympathoadrenal dis- 
charge apparently occurs in symptomatic subjects 
with congestive heart failure.11.13.54,55 


The Regional Circulations During Exercise— 
A Synthesis 

In contrast to the attenuated response of the pe- 
ripheral circulation to direct stimulation of the sym- 
pathetic chain or indirectly by means of baroreceptor 
mechanisms, there appears to be a massive sympa- 
thetic response when the patient with heart failure 
exercises. During dynamic exercise a normal person 
has increased blood pressure, in part due to an in- 
crease in the contractile state of the myocardium. 
The increased blood pressure is necessary for ade- 
quate perfusion of the coronary and cerebral circula- 
tions. Likewise, the increased systemic arterial pres- 
sure facilitates perfusion of exercising muscles, which 
have greatly dilated resistance vessels. This in- 
creased pressure becomes more important as the ex- 
ercising muscles develop greater tension and sustain 
it for longer durations. On the other hand, in the non- 
essential circulations, renal, splanchnic and nonex- 
ercising limbs, there is an autoregulatory and sym- 
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FIGURE 6. Changes in forearm skin blood flow (+ standard 
error of the mean) during the last three minutes of supine leg 
exercise in normal subjects and patients with congestive heart 
failure. Normal subjects exercised at three levels of exercise of 
increasing severity, mild, moderate (MOD) and strenuous (STR) 
(40, 330 and 1,080 to 2,240 ft-Ib/min). Subjects with heart fail- 
ure exercised at a level that was strenuous for them (40 to 330 
ft-Ib/min). The value for skin blood flow was taken as the differ- 
ence between blood flow measured in an untreated forearm 
(skin plus muscle flow) and that measured simultaneously in a 
forearm that had undergone epinephrine iontophoresis (muscle 
flow only). The absolute changes in flow are seen in the top 
panel and the percent change in flow in the bottom panel. 
Whereas a cutaneous vasodilation is seen in normal subjects 
late during the course of moderate exercise, subjects with heart 
failure maintain a marked cutaneous vasoconstriction. (Reprint- 
ed by permission of the American Heart Association, Inc. from 
Zelis et al.13) 


pathetic adrenergic response that prevents blood 
flow from increasing in the face of an increasing per- 
fusion pressure.11.13.55-58 [n patients with heart fail- 
ure, blood flow is markedly reduced to the renal, 
splanchnic and cutaneous circulations, thereby 
suggesting that there is a greater sympathetic adren- 
ergic activation. 

Limb circulation during exercise in normal 
subject: This response is more readily appreciated 
when one examines blood flow to the nonexercising 
limbs during exercise. The limbs contain two impor- 
tant circulations with different functions, skin and 
muscle. By utilizing the technique of epinephrine 
iontophoresis to suppress skin blood flow temporari- 
ly, it has become possible to evaluate independently 
the differential effect of systemic exercise on these 
two circulations.!? In the nonexercising limbs of nor- 
mal subjects, total blood flow is initially reduced. 
The magnitude of the reduction in blood flow to 
both skin and muscle in the nonexercising limbs is in 
direct proportion to the stress of exercise. The affer- 
ent limb of this reflex are is probably activated by 


the accumulation of metabolites and perhaps local 
potassium concentrations in the exercising limbs.5?. 
55 With moderate exercise there is normally a late 
increase in cutaneous blood flow as the individual 
attempts to dissipate heat!3.57.58.61 (Fig, 6). This 
cutaneous vasodilation is postponed with very severe 
exercise and is not seen until after the normal 
subject stops exercising. It would appear that 
hypothalamic recognition of the increased body tem- 
perature during exercise selectively modulates that 
part of the sympathetic efferent limb to allow a cu- 
taneous vasodilation during moderate exercise, but is 
unable to overcome the strong afferent impulses that 
result from very stressful exertion. There is no reason 
to doubt that sympathetic efferent impulses are not 
just as strong to the exercising as to the nonexercis- 
ing muscle. However, in the normal subject, the ac- 
cumulation of metabolites in the exercising muscles 
can override the effects of increased sympathetic ad- 
renergic tone and vascular resistance is reduced.24.25 
The combination of increased blood pressure and re- 
duced vascular resistance in the active limbs during 
rhythmic exercise is an attempt to provide an ade- 
quate supply of oxygen and nutrients to the exercis- 
ing muscles. 

Limb circulation during exercise in congestive 
heart failure: In contrast, in congestive heart failure 
because the muscle resistance vessels have a limited 
ability to dilate normally, vascular resistance is not 
appropriately reduced and relative local hypoxia re- 
sults. This probably causes an exaggerated stimula- 
tion of the afferent limb of the reflex arc that origi- 
nates in the exercising muscle and ultimately leads 
to the observed massive sympathoadrenal discharge. 
In these subjects even moderate exercise can be con- 
sidered extremely strenuous and the efferent sympa- 
thetic limb is greatly enhanced. Thus, blood flow to 
the nonexercising limbs is considerably reduced dur- 
ing exercise. No cutaneous vasodilation is seen either 
late during exercise or during the postexercise recov- 
ery period. These findings would explain why pa- 
tients with congestive heart failure have a limited 
ability to tolerate thermal stress and why such pa- 
tients frequently have low grade increases in temper- 
ature when they are hospitalized with acute heart 
failure.62 

Similarly, when patients with congestive heart 
failure perform dynamic exercise, the blood pressure 
response is abnormal. Unlike normal subjects who 
have moderately increased blood pressure, patients 
with heart failure frequently have little or no in- 
crease in blood pressure, and occasionally exercise 
hypotension results.1°-11 If the resistance vessels in 
active skeletal muscle dilated normally and there 
were not excessive arteriolar constriction elsewhere, 
syncope would occur more commonly during exercise 
when the cardiac output was inadequate. This can 
be seen in two clinical situations: (1) when the pa- 
tient with hypertensive heart disease and congestive 
heart failure receives drugs that inhibit alpha adren- 
ergic responsiveness, and (2) after prolonged diure- 
sis. In the former instance the increased sympathetic 
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tone to the splanchnic, renal and cutaneous circula- 
tions is inhibited and there is no shunting of blood 
flow away from them to the low resistance vessels in 
active skeletal muscle. Since the heart cannot main- 
tain an adequate cardiac output during exercise, the 
lack of alpha adrenergic tone in the nonessential re- 
gions allows the reduction in systemic vascular resis- 
tance to be more pronounced and blood pressure is 
inappropriately decreased. Second, after diuresis, 
which tends to restore normal muscle vascular re- 
sponse to vasodilator metabolites, a greater reduc- 
tion in the muscle vascular resistance in the exercis- 
ing limbs occurs. Again, since the cardiac response is 
limited, blood pressure is reduced and syncope would 
be expected to occur. This situation is further com- 
pounded since total blood volume may be reduced 
after diuresis and a normal utilization of the Frank- 
Starling mechanism to maintain cardiac output in 
heart failure cannot occur.83 Thus, the combination 
of an exaggerated sympathoadrenal response and the 
limited arteriolar muscular dilation to metabolic 
stimuli work in concert to attempt to maintain an 
adequate blood pressure to perfuse vital organs dur- 
ing exercise. 

At this point it is appropriate to reconsider the 
role played by the systemic arterial baroreceptors in 
congestive heart failure. Since heart rate and blood 
pressure are increased during dynamic exercise, one 
might expect that the afferent limb of the barorecep- 
tor reflex normally would tend to reduce the magni- 
tude of the sympathetic adrenergic response to exer- 
cise.50 Although the response of heart rate to exercise 
is normal in heart failure, blood pressure is only 
minimally increased. The reduced pressor response 
of cardiac origin, coupled with a blunted baroreflex 
arc, would tend to facilitate central translation of 
the reflex originating in exercising muscle into an 
exaggerated sympathetic efferent discharge. 


Metabolic Consequences of Increased Vascular 
Stiffness in Congestive Heart Failure 


Oxygen extraction and consumption in exercis- 
ing muscle: Although the increased peripheral vas- 
cular stiffness in heart failure might be considered a 
compensatory mechanism to maintain blood pres- 
sure during exercise, it also entails a metabolic cost. 
The reduced blood flow to exercising muscle might 
be expected to result in increased oxygen extraction. 
This has been consistently seen and is one explana- 
tion for the widened arteriovenous oxygen difference 
across the systemic circulation.? This increased ex- 
traction of oxygen in the muscular circulation, as 
well as a sympathetically mediated reduction in 
blood flow to the circulations with lower metabolic 
requirements (renal, splanchnic and cutaneous), ex- 
plains why the level of mixed venous oxygen satura- 
tion in patients with congestive heart failure may be 
appreciably lower than that of normal subjects per- 
forming maximal exercise.94 Because red blood cell 
2,3-diphosphoglycerate (DPG) is increased in heart 
failure, a shift in the oxygen dissociation curve takes 
place to facilitate oxygen transport at the systemic 
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capillary level from blood to tissues.99-97 The effect 
of increased DPG, increased tissue acidosis and a 
slower circulation time all help to facilitate oxygen 
delivery to the exercising muscles. 

The increased extraction of oxygen in the skeletal 
muscle circulation appears to be adequate to provide 
for basal metabolic requirements in nonexercising 
muscle in the face of reduced muscular blood flow in 
heart failure.68.69 Although there is an increase in 
oxygen extraction during exercise, it does not appear 
to be sufficient to meet the increased oxygen require- 
ments.9? This was seen in one series of experiments 
in which intermittent forearm exercise was studied 
(Fig. 7). During these experiments slow intermittent 
grip exercise was performed. A hand grip was held 
for 5 seconds four times each minute. During the last 
5 seconds of the resting period, forearm blood flow 
was determined plethysmographically and forearm 


‘arteriovenous oxygen differences were evaluated. 


Since an increase in cardiac output was not neces- 
sary to supply the minimal oxygen requirements of 
one exercising limb, the vascular responses seen in 
the skeletal muscles of that limb reflected local fac- 
tors governing oxygen delivery and were not secon- 
dary to an impaired cardiac response. In these stud- 
ies, as the level of exercise increased, there was a 
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FIGURE 7. Forearm blood flow (A), forearm oxygen extraction 
(B) and forearm oxygen consumption (C) in a normal subject 
(closed circles) and a patient with congestive heart failure 
(open circles) at rest, c, and during rhythmic grip exercise of 
progressively increasing severity induced by squeezing a hand 
dynamometer to 25, 50 or 100 mm Hg for 5 seconds, 4 times/ 
min for 5 minutes. Although forearm blood flow is reduced at 
rest in the patient with heart failure, the increased oxygen ex- 
traction is sufficient to maintain a normal basal forearm oxygen 
consumption. The higher level of oxygen extraction is not ade- 
quate to keep pace with muscle metabolic requirements during 
exercise and results in a greater shift to anaerobic metabolism, 
which is reflected in a reduced forearm oxygen consumption. 
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growing disparity between the blood flow delivery to 
the active muscles in the normal subjects and in the 
patients with heart failure. The inability of blood 
flow to increase appropriately in congestive heart 
failure was undoubtedly secondary to the increased 
“arteriolar stiffness” described. However, since these 
were submaximal exercise levels, it is entirely possi- 
ble that an increased sympathetic adrenergic tone 
played some role in reducing blood flow during 
steady state rhythmic exercise. Strikingly, forearm 
oxygen consumption in subjects with heart failure 
was considerably less than normal during each level 
of exercise. This reduced oxygen consumption oc- 
curred despite increased forearm oxygen extraction. 
When sympathetic adrenergic blockade was per- 
formed, the forearm blood flow response increased 
slightly and there was some increase in forearm oxy- 
gen consumption. However, forearm oxygen con- 
sumption was still significantly reduced and ap- 
peared to reflect an increased anaerobic response to 
exercise. This might account in part for the pro- 
nounced lactic acidemia that can occur in patients 
with heart failure during exercise.7°:71 Although the 
limited capacity of the resistance vessels to dilate 
appropriately to metabolic stimuli might be a short- 
term compensatory mechanism to maintain blood 
pressure during exercise, it has an appreciable cost. 
Thus, the lactic portion of the oxygen debt of exer- 
cise is increased with heart failure. Likewise, the in- 
ability of the patient with heart failure to dissipate 
heat appropriately during and after exercise un- 


doubtedly contributes to the lactic portion of the 
oxygen debt as well.?2-73 It is not known whether 
there are enzymatic changes in skeletal muscle of 
patients with heart failure that would tend to facili- 
tate anaerobic metabolism. 

Oxygen diffusion in exercising muscles: Al- 
though the reduced ability of patients with heart 
failure to increase blood flow to exercising muscles 
probably accounts for the diminished forearm oxygen 
consumption, it is also possible there is a reduced 
ability of oxygen to diffuse adequately in exercising 
muscle. Recent studies have suggested that there is 
an increased thickness of the basal lamina of muscle 
capillaries similar to that seen in diabetes.73-75 This 
alteration may be secondary to tissue injury from 
local hypoxia; however, the physiologic significance 
of this finding in heart failure is uncertain. Whereas 
electrolyte diffusion is enhanced in diabetes secon- 
dary to increased basement membrane thickness, 
oxygen diffusion capabilities have not been stud- 
ied.76 It is possible that the increased basement 
membrane thickness in heart failure might inhibit 
oxygen transport and be a second factor reducing the 
ability of forearm oxygen consumption to increase 
adequately during exercise. 
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Digitalis glycosides, catecholamines and glucagon remain the only 
cardiac stimulating drugs with significant therapeutic use. Consider- 
able information is now available concerning the metabolism of ab- 
sorption and excretion of the glycosides and the mechanism by 
which these drugs produce their cardiac effects. Such information 
has resulted in major modification in the use of loading doses. The 
role of serum assays in the diagnosis of digitalis toxicity has been 
more clearly defined, and recent studies have demonstrated condi- 
tions in which the use of the glycosides may be hazardous. 

The pathways by which the catecholamines produce their positive 
inotropic effects have been further delineated. Controversy continues 
as to which sympathomimetic agent is the drug of choice in patients 
with shock associated with acute pump failure. Dopamine has ac- 
tions that theoretically make it superior to other catecholamines, and 
initial clinical studies with this agent are encouraging. 

Results of both experimental and clinical studies indicate that the 
major role of glucagon is as an adjunct to other agents in the treat- 
ment of acute pump failure. In addition, theoretical considerations 
suggest that glucagon may be beneficial in some patients with con- 
gestive heart failure and digitalis toxicity or in patients with cardio- 
toxicity caused by beta receptor blocking agents. 


It is evident from this Symposium that our knowledge of the bio- 
chemistry and physiology of heart failure has advanced considerably 
in recent years. Unfortunately, the development of pharmacologic 
agents with clinically useful positive inotropic cardiac effects has not 
kept pace. Digitalis glycosides, catecholamines and glucagon remain 
the only drugs with more than limited therapeutic usefulness, and 
only the glycosides can be used for more than brief periods. Never- 
theless, continued interest in the pharmacodynamics of these agents 
and further studies of their effects in various cardiac disorders have 
provided new information that has significantly improved techniques 
for using them in patients with heart failure. 


Digitalis Glycosides 


The development of methods for accurately measuring the concen- 
tration of digitalis glycosides and their metabolites in various tissues 
and fluids has permitted a major expansion in the understanding of 
glycoside metabolism, actions and uses. Since available evidence in- 
dicates that the only differences in cardiac effects among glycosides 
are those attributable to differences in rates of absorption, metabo- 
lism and excretion, this discussion will be limited to the most com- 
monly used glycosides, digitoxin and digoxin. 

Absorption, metabolism, excretion: Both digoxin! and digitoxin? 
apparently are absorbed from the gastrointestinal tract by a passive, 
nonsaturable transport process. Digoxin is absorbed primarily in the 
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proximal small intestine, whereas digitoxin is ab- 
sorbed equally well from the proximal and distal 
small bowel.? Digoxin is not bound significantly to 
serum proteins, does not undergo extensive 
enterohepatic recycling or metabolism by the liver 
and is excreted primarily unchanged by the kid- 
neys.? A maximum of 80 to 90 percent of a given 
dose of digoxin can be absorbed,? but preparations of 
different manufacturers vary greatly in the extent to 
which they are absorbed.» Digitoxin is completely 
absorbed, tightly bound to serum proteins, has a sig- 
nificant enterohepatic circulation and undergoes 
metabolic degradation primarily by the liver.3 Of the 
absorbed digitoxin, approximately 8 percent is con- 
verted to digoxin and 30 percent is excreted un- 
changed; the remainder is degraded to metabolites of 
lesser biological activity that are excreted by the 
kidneys.* The extensive enterohepatic circulation 
and serum protein binding of digitoxin are thought 
to contribute to its longer duration of action; its 
serum half-life is approximately three times that of 
digoxin.? Interruption of this recirculation by the use 
of cholestyramine can reduce both serum levels and 
inotropic effects in man,9 an observation with ob- 
vious therapeutic implications. 

Renal dysfunction has a more significant effect on 
digoxin kinetics than on digitoxin kinetics,4 and 
chronic liver disease has an insignificant effect on di- 
goxin metabolism.? Surprisingly, the effect of hepat- 
ic dysfunction on digitoxin metabolism has not been 
clearly defined. 

Mechanisms of action: The myocardial binding 
site of the glycosides has not been determined con- 
clusively, but it may be the transverse tubular sys- 
tem of the sarcoplasmic reticulum. It is clear that 
the glycosides do not exert their positive inotropic 
effects by releasing myocardial catecholamines or 


stimulating beta adrenergic receptors.? Schwartz 


and co-workers!? have presented evidence that the 
inotropic effect is related to the inhibition of sodium 
and potassium-activated adenosine triphosphatase 
(Fig. 1). Inhibition of this enzyme reduces sodium 
pumping and results in an increase in intracellular 
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FIGURE 1. Proposed mechanisms 
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Na+. Intracellular Na+ and calcium compete for 
binding sites; thus, the increment in Na+ results in 
an increase in intracellular Ca++. Langer! recently 
discussed the role of ionic factors in the intrinsic 
control of myocardial contraction and the impor- 
tance of intracellular Ca++ in coupling excitation to 
contraction. The observation that a significant corre- 
lation exists between the inhibition of this enzyme 
and the increase in cardiac contractile force following 
glycoside administration!? supports this proposed 
mechanism of action 

Clinical use: Recent studies have altered under- 
standing of the loading dose of digoxin and digitoxin. 
Jelliffe et al.4-13 have reported that patients given 
effective maintenance doses of these agents had, 
after equilibrium had been attained, total body 
stores that were significantly smaller than the com- 
monly used loading doses. This finding indicates 
that much of the loading dose must be excreted. Thus, 
a loading dose smaller than that ordinarily adminis- 
tered should be as effective and less hazardous to the 
patient. In fact, loading doses are not always neces- 
sary. In one study, patients who received main- 
tenance doses of digoxin for 6 to 7 days, without 
a previous loading dose had serum levels and 
calculated total body stores equal to those of pa- 
tients who received a loading dose followed by a 
comparable maintenance dose.!* Therefore, the deci- 
sion to employ a loading dose should be based pri- 
marily on how quickly one wishes to obtain a thera- 
peutic effect. In view of the data just cited, doses cur- 
rently recommended for the inotropic effect of digoxin 
and digitoxin are presented in Table I. These are 
average doses that may be affected by many factors, 
particularly the ability of the kidneys to excrete the 
glycosides. On the basis of kinetic studies, Jelliffe and 
coworkers have constructed graphs that relate main- 
tenance doses of digoxin!? and digitoxin‘ to creatinine 
clearance. With these graphs, appropriate adjust- 
ments in glycoside dosage can be made for patients 
with renal dysfunction. 

Understanding of the indications for the adminis- 
tration of the glycosides has advanced little in recent 
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years. It is still not known whether the administra- 
tion of digitalis to patients with heart disease will re- 
tard development of the clinical manifestations of 
heart failure, although results of animal studies!? 
suggest that it may. The routine use of glycosides in 
the treatment of various forms of shock thought to 
be associated with acute pump failure also cannot be 
condemned or supported on the basis of existing evi- 
dence. However, recent studies suggest caution in 
the use of glycosides in patients with coronary ath- 
erosclerosis unless heart failure exists. The glycosides 
increase myocardial oxygen requirements by their 
positive inotropic action in both the failing and non- 
failing heart. In the former condition, a reduction in 
ventricular volume and wall tension may also occur, 
whereas little change may occur in the nonfailing 
heart. Since ventricular wall tension is a major de- 
terminant of myocardial oxygen consumption, the 
glycosides may not affect the oxygen requirement in 
the failing heart but increase it in the nonfailing 
heart.1® The potential significance of this observa- 
tion is emphasized by the report!? that an increase 
in both the magnitude and extent of ischemia oc- 
curred after administration of ouabain to animals 
with acute coronary artery occlusion. 

Toxicity: Since the subject of glycoside toxicity 
was recently reviewed in this Journal,!? our presen- 
tation will be limited to a recent advance in means 
of diagnosis: the measurement of serum concentra- 
tions of the glycosides. Smith and Haber!? and Doh- 
erty29 have discussed the different methods available 
for measuring the minute quantities of circulating 
glycosides and their clinical application. The ra- 
dioimmunoassay technique, which is sensitive and 
specific and can be performed relatively rapidly, is 
currently the most widely used method. Although 
determination of serum levels is helpful in determin- 
ing whether a given arrhythmia is digitalis-induced, 
no sharp separation exists between toxic and nontox- 
ic levels. Smith?! observed serum levels of 26 ng/ml 
or more in all six patients with evidence of digitoxin 
toxicity, whereas similar values were found in 17 per- 
cent of patients without toxicity. Ninety percent of 
patients who were receiving digoxin and had no evi- 
dence of toxicity had serum levels of 2.0 ng/ml or 
less, whereas 87 percent of patients with definite evi- 
dence of toxicity had values exceeding 2.0 ng/ml.?? 
Unfortunately, the serum values in patients without 
toxicity and in those with equivocal evidence of tox- 
icity demonstrated considerably more overlap, and 
the latter patients pose the more difficult problem. 

It should not be surprising that one cannot use the 
serum levels of glycosides to separate clearly patients 
with toxic and nontoxic conditions. Although a lin- 
ear relation normally exists between serum levels 
and myocardial content of the glycoside after equili- 
bration,23 alterations in this ratio can occur.!? More 
importantly, there is significant individual variation 
in "sensitivity" of the myocardium to the action of 
the glycosides. The failure to observe a significant 
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TABLE I 


Average Recommended Oral Doses of Glycosides 


Loading Maintenance No Loading 
Digoxin 1.0-1.5 mg 9.25-0.5 mg . 0.25-0.5 mg 
in 24 hours (6 to 8 days) 
Digitoxin 1.0-1.5 mg 0.1-0.15 mg 0.1-0.15 mg 
in 24-72 (25 to 30 days) 
hours 


( ) = number of days required for body stores to attain 
kinetic equilibrium. 


correlation between serum levels of digoxin and the 
ventricular rate in a large series of patients with atri- 
al fibrillation further emphasizes this clinically well 
known fact.?4 

The development of digitalis antibodies, which are 
necessary in the radioimmunoassay of the glycosides, 
has opened another potentially fruitful area of re- 
search. Reversal of digoxin-induced arrhythmias by 
administration of specific antibodies has now been 
demonstrated in the dog.?5 


Catecholamines 


Norepinephrine, epinephrine and isoproterenol are 
widely used cardiac stimulating agents, whereas 
dopamine, the immediate precursor of norepineph- 
rine, is currently undergoing clinical trials. 

Mechanism of action: Our understanding of the 
mechanism of action of the catecholamines results 
largely from the pioneering work of Ahlquist,?9 who 
devised a functional definition of adrenergic recep- 
tors, and of Sutherland et al., who found that cyclic 
adenosine monophosphate (cyclic AMP) serves as 
the intracellular mediator of hormone action. The 
role of cyclic AMP and calcium ions in cellular re- 
sponses2® and, specifically, their role in mediating 
the cardiac effects of the catecholamines?? have been 
reviewed recently. Our present concept of this latter 
role is illustrated in Figure 1 and can be summarized 
as follows: In the heart, catecholamines combine 
with a beta adrenergic receptor that activates adenyl 
cyclase and increases the conversion of adenosine tri- 
phosphate (ATP) to cyclic AMP. Cyclic AMP en- 
hances the mobilization of Ca++ from sarcotubular 
stores, thereby augmenting myocardial contraction. 
In addition, there is evidence that the interaction of 
the catecholamines with their receptor may increase 
the permeability of the cell membrane to Ca* *.?8 A 
critical step in this concept, the demonstration that 
cyclic AMP augments myocardial contractility, was 
not previously possible since cyclic AMP does not 
readily cross cell membranes. However, by adminis- 
tering cyclic AMP with dimethylsulfoxide, Kzek- 
shus et al.39 were recently able to obtain an intra- 
cellular effect of cyclic AMP in the perfused guinea 
pig heart, as evidenced by an increase in phosphoryl- 
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ase activation. No increase in myocardial contractili- 
ty was observed. These investigators postulate that 
catecholamines activate adenyl cyclase, which re- 
sults in conversion of membrane-bound ATP to cy- 
clic AMP with release of calcium from a calcium- 
membrane-ATP complex. The augmentation of myo- 
cardial contractility results from an increase in 
intracellular Ca++ but one that is not produced by 
cyclic AMP. 

Clinical uses: Catecholamines obviously have a 
limited role in the treatment of patients with chronic 
heart failure. Their major use is in the treatment of 
conditions thought to be produced by or associated 
with acute pump failure, such as low cardiac output 
state after cardiac surgery and shock associated with 
sepsis or acute myocardial infarction. Although 
isoproterenol is probably the most commonly used 
cardiac stimulating agent in the treatment of post- 
surgical low output states and septic shock, there is 
considerable disagreement as to which sympathomi- 
metic agent should be employed initially in the 
treatment of shock after myocardial infarction. This 
controversy involves primarily the use of norepineph- 
rine or isoproterenol and has arisen principally from 
theoretical considerations based on the opposite ef- 
fects these agents have on peripheral resistance ves- 
sels. Recently Maroko et al.17 observed that isopro- 
terenol increased the magnitude and extent of isch- 
emia in animals with acute coronary artery occlu- 
sion, whereas the pure alpha stimulator methoxa- 
mine reduced ischemia by increasing arterial pressure. 
This observation does not indicate that methoxa- 
mine is the drug of choice in the treatment of shock 
after myocardial infarction, but it further empha- 
sizes the urgency of maintaining coronary perfusion 
pressure in this condition, particularly when admin- 
istering agents that augment myocardial oxygen con- 
sumption. For similar reasons, caution has been sug- 
gested when using isoproterenol in the treatment of 
hypotension associated with massive pulmonary em- 
bolism. Increments in pulmonary arterial obstruction 
in the dog resulted in a corresponding decline in 
right ventricular function that was much more pro- 
nounced in animals with a restricted blood supply to 
the right ventricle. In contrast, if the coronary ves- 
sels supplying the right ventricle were hyperperfused, 
right ventricular dysfunction was reversed.31 Results 
of clinical studies in patients with shock after myo- 
cardial infarction are not conclusive, but the trend 
appears to be toward use of agents with combined 
alpha and beta adrenergic stimulating actions.32.33 

The role of dopamine in the treatment of pump 
failure in man is only now being defined. Dopamine 
does have theoretical advantages over other cate- 
cholamines in that, in addition to its stimulating ac- 
tions on alpha and beta adrenergic receptors, it also 
produces nonadrenergically mediated vasodilatation 
in mesenteric?* and renal vascular?9 beds. Loeb et 
al.36 demonstrated hemodynamic improvement dur- 
ing infusion of dopamine in patients with cardiogenic 


shock due to various causes or shock due to infec- 
tion. Their study also compared the effect of dop- 
amine on hemodynamics and urinary flow rates with 
the effects of isoproterenol or norepinephrine in the 
same patients. An obvious superiority of dopamine 
over the other agents was not apparent. However, in 
general, dopamine produced a comparable or greater 
increase in urinary flow, whereas its effect on cardiac 
output was intermediate; the greatest increase oc- 
curred with isoproterenol. The results were similar in 
patients with cardiogenic shock or sepsis. In patients 
with cardiogenic shock, too few measurements of left 
ventricular end-diastolic pressure were made for a 
meaningful interpretation. In patients with septic 
shock, the highest level of left ventricular end-dia- 
stolic pressure occurred with norepinephrine, the 
lowest with isoproterenol and intermediate levels 
with dopamine. 


Glucagon 


Since Farah and Tuttle?* first described the posi- 
tive inotropic cardiac effects of glucagon, there has 
been considerable interest in the possible role of this 
agent in the treatment of heart disease in man. 

Mechanism of action: The effect of glucagon on 
adenyl cyclase, cyclic AMP and intracellular calcium 
in the heart is similar to that of catecholamines,?? 
but these hormones have a different receptor (Fig. 
1).58 Glucagon stimulates catecholamine release. 
What role, if any, this action plays in the inotropic 
response in man has not been determined, although 
it is clearly not the sole factor responsible for the ef- 
fect of glucagon in animals.38 

Clinical use: The early clinical studies with gluca- 
gon were encouraging because improvement in cardi- 
ac performance was observed without significant ad- 
verse effects.39.49 However, subsequent studies indi- 
cated that the clinical role of glucagon as a cardiac 
stimulating agent will be limited. Glucagon is rela- 
tively ineffective in patients with chronic congestive 
heart failure.41 It has been shown experimentally 
that under such conditions glucagon does not acti- 
vate adenyl cyclase or produce a positive inotropic 
effect.42 Present evidence suggests that increasing 
duration and severity of the heart disease may ad- 
versely effect the response to glucagon.41:43 Cate- 
cholamines activate adenyl cyclase and increase con- 
tractility in chronically failing hearts unresponsive to 
glucagon.4? Furthermore, compared to glucagon, 
isoproterenol produces greater increments in cardiac 
output and greater reductions in left ventricular end- 
diastolic pressure in patients with heart disease. 
However, glucagon may have a role in the treatment 
of acute heart failure. A positive inotropic effect and 
improvement in pump function have been demon- 
strated in patients with low cardiac output after car- 
diac surgery** and in those with heart failure after 
acute myocardial infarction.*5 In addition, the ad- 
ministration of glucagon under these conditions may 
permit the use of smaller amounts of more potent 
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inotropic agents, thereby reducing the frequency of 
adverse effects from the latter. The persistence of 
cardiac effects after beta adrenergic blockade 
suggests that glucagon might be of benefit in pa- 
tients with cardiotoxicity due to propranolol. 
Although cardiac arrhythmias have not been re- 
ported after administration of glucagon in human, 
no systematic studies of the electrophysiologic effects 
of glucagon in patients with heart disease have been 
reported. Therefore we recently undertook such a 
study in patients with impaired impulse formation or 
conduction.*® Single intravenous injections of 5 mg 
of glucagon in patients with complete heart block 
have produced no significant effects on ventricular or 
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nodal automaticity or on the threshold for ventricu- 
lar stimulation. Glucagon also did not affect atrio- 
ventricular conduction in patients with first or sec- 
ond degree heart block or atrial fibrillation. These 
findings suggest that glucagon also may be of value 
in some patients with congestive heart failure and 
digitalis-induced arrhythmias. 

None of the presently available cardiac stimula- 
ting agents approach the ideal for the treatment of 
patients with myocardial dysfunction, and greater 
emphasis is needed on the development of such 
drugs. In the meantime, studies to further refine and 
define the use of currently available agents must 
continue. 
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what 
effect 
does the 
treatment of 
essential hypertension 


have on morbidity? 





a special report In 1964 the Veterans Administration Cooperative Study 


Group began a five-year, controlled study to determine 
on the 5-year the effects of treatment on morbidity in essential 
VA Study hypertension.13 
523 male patients whose diastolic blood pressures 
ranged from 90 to 


i9» a search 
sous sone; for the 
snd 1a3with pressures, NAS Wer 


averaging 115 to 129 mm Hg. 

In each group, the patients were randomly 

assigned to either active drug or placebo treatment. 
Several factors characterized the patient population 

and should be kept in mind. All patients were male and 
were accepted for the study because they were reliable in 
following treatment guidelines. The study specifically 
excluded certain types of patients, including those with 
severe hypertension, surgically curable hypertension, 





M S D uremia, and concomitant fatal diseases such as 
carcinoma. Also excluded were patients with advanced 
VAR hypertensive retinopathy, history of cerebral or 
fè subarachnoid hemorrhage, dissecting aneurysm, or 
OHM congestive heart failure resistant to drug treatment. 
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what 
effect 
does the 
treatment of 


a special report on the 5-year VA Study 


essential hypertension 
have on morbidity? 


some results 
"o Were quick 


tients for only 

18 months it became 

apparent that the in coming 
risk of withholding antihypertensive drugs was 
unacceptable for the placebo-treated patients in the 
group with diastolic pressures of 115 to 129 mm Hg. 
Twenty-seven of the 70 patients in this control group 
developed severe, complicating events, and four deaths 
occurred. In the group receiving antihypertensive drugs 
(73 patients) there were no deaths and only two severe 
complications. There was no question that male patients 
with diastolic blood pressures averaging 115 mm Hg 

or above represent a high-risk group in which anti- 
hypertensive therapy exerts a significant beneficial 
effect in a relatively short time. 





findings The 380 patients 
after with diastolic pressures 
averaging 90 to 114mm Hg 
were followed for an 
ve years average of 3% years, 


some for more than 

five years (186 received antihypertensive drugs, the 
remainder received placebo treatment). Treatment 
reduced the predicted risk of developing a morbid event 
over a five-year period from 55 percent to 18 percent. 
Benefit of treatment showed itself early and increased 
steadily with time. 

Treatment was more effective in preventing 
congestive heart failure and stroke than in preventing the 
complications of coronary artery disease.? 


ALL MORBID EVENTS 


Estimated cumulative incidence of morbidity over a 
five-year period as calculated by life-table method 
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ATTACK RATE 
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A further analysis f th 

of the 380 patients a ur er 

with diastolic e 

pressures 90 to 114 analysis rur cum 
mm Hg considered e 

attack rates and 

effectiveness of three risk 
treatment with respect 

to three risk factors: 

1) cardiovascular-renal (CVR) factors 
abnormalities, 2) diastolic blood pressure, and 3) age. 

With regard to combinations of risk factors, the results 
indicate that the greatest benefit of treatment was 
achieved in the subgroups with diastolic blood pressures 
of 105 to 114 mm Hg regardless of evident cardiovas- 
cular-renal disease and irrespective of age. Treatment 
was least effective, although still favorable, in two 
subgroups: those with initial diastolic blood pressures 
below 105 mm Hg and no cardiovascular, CNS, or renal 
abnormalities; and those below age 50 years with similar 
levels of blood pressure. 

The following chart compares attack rates among the 
186 patients treated with antihypertensive drugs and the 
194 patients in the control group, considering the 
various risk factors. (Note that treatment helped reduce 
the attack rate in all patient groups, though not to the 
same extent in each subgroup.) 
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Chart adapted from VA study? 


In the lower-risk patients, where the danger of serious 
complications proved not to be as great, the authors 
suggest that the benefits of treatment must be weighed 
against the possibility of adverse drug reactions. (The 
incidence of mild hypokalemia, hyperuricemia, and 
elevated fasting blood sugar was significantly greater 
among the treated patients than in the control group.) 
The authors further suggest that younger patients with 
even mild elevations in blood pressure be followed 
closely, because evidence suggests that they face the 
risk of progressing to severe hypertension. (Of the 
20 control patients whose diastolic pressures became 
severely elevated, 15 were below the age of 50.)? 


1575. a perspective 


gests that prompt on the 
detection and treatment e 
of hypertension t 
substantially ques ion 
reduces the risk 

of serious complica- when to 

tions. This has 

prompted some t t 

clinicians to maintain S ar 

that drug treatment 

v" treatment? 
mildest blood 

pressure elevations is warranted. 

On the other hand, none of the studies to date has 
conclusively demonstrated that drug treatment for mild 
hypertension is beneficial for all patients. Reflecting this 
lack of conclusive proof of benefits, a number of 
clinicians recommend that drugs be reserved for hyper- 
tensive patients with additional risk factors, such as 
family history of cardiovascular complications, 
persistence of hypertension, heart or kidney involvement, 
high cholesterol levels, male sex, or age below 40. 

As the VA Study Group points out, long-term studies 
involving large numbers of patients with mild hyper- 
tension are needed to resolve the question of when to 
initiate drug treatment. Until such studies are 
completed, the decision of when to begin therapy 
requires consideration of the medical literature now 
available and an evaluation of the individual patient. 
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Note to reader: Reprints of the three published papers from the 
Veterans Administration Cooperative Study Group on the effects of 
treatment on morbidity in hypertension are available. Requests 
should be directed to Professional Service Department, 

Merck Sharp & Dohme, West Point, Pa. 19486 
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You can't take 
hypertension 





When Ismelin is added to other antihyperten- 
sives, initial doses should be small and increased 
gradually by small increments. Dos- 
age of all drugs should be reduced to 
the lowest effective level once blood 
pressure control is established. With 
the reduction of dosage, side effects 
are often minimized. 

Patients should be warned about 
the potential hazards of orthostatic 
hypotension and should be cautioned 
to avoid sudden or prolonged stand- 
ing or exercise. 

The prognosis of serious organ 
damage that often accompanies. 
hypertension precludes any casual 
treatment of this disease. Ismelin takes 
hypertension seriously. 


. Uncontrolled hypertension 
increases the patient's 
vulnerability to organ 
damage. — 

Allthe more reason 
to treat hypertension 
with Ismelin. 


Often when other antihyper- 
tensive agents can no longer effec- 
tively control hypertension, it may 
be time to substitute Ismelin or to 
add it to the patient's present anti- 
hypertensive regimen. 

Guanethidine (Ismelin) is perhaps 
the most effective agent ever available 
for controlling moderate to severe 
hypertension. And Ismelin usually 
brings blood pressure down 
to stay. 


Ismelin suae 
(guanethidine sulfate) 
sooner may 





be better for 


the uncontrolled 


hypertensive 


Ismelin® sulfate (guanethidine sulfate) 
INDICATIONS: Moderate and severe hyperten- 
sion either alone or as an adjunct. 
CONTRAINDICATIONS: Known or suspected 
pheochromocytoma; hypersensitivity; frank 
congestive heart failure not due to hyperten- 
sion; patients taking MAO inhibitors. 
WARNINGS: Ismelin is a potent drug and can 
lead to disturbing and serious clinical prob- 
lems. Physicians should be familiar with the 
details of its use before prescribing, and 
patients should be warned not to deviate from 
instructions. 


Warn patients about the potential hazard 

of orthostatic hypotension, which can occur 
frequently and is most marked in the morn- 
ing and is accentuated by hot weather, 
alcohol, or exercise. To help prevent faint- 
ing, warn patients to sit or lie down with 
onset of dizziness or weakness, which may 


be particularly bothersome during the ini- 
tial period of dosage adjustment and with 
postural changes. The potential occurrence 
of these symptoms may require alteration 
of previous daily activity. Caution patients 
to avoid sudden or prolonged standing or 
exercise while taking the drug. 








Concurrent use with rauwolfia derivatives 
may cause excessive postural hypotension, 
bradycardia, and mental depression. 

If possible, withdraw therapy 2 weeks prior 

to surgery to reduce the possibility of vascular 
collapse and cardiac arrest during anesthesia. 
If emergency surgery is indicated, administer 


preanesthetic and anesthetic agents cautiously 
in reduced dosage and have oxygen, atropine, 
vasopressors, and IV solutions ready for imme- 
diate use to treat vascular collapse. Vasopres- 
sors should be used with extreme caution in 
patients on Ismelin because of the possibility 
of augmented response and the greater pro- 
pensity for cardiac arrhythmias. 3 

Dosage requirements may be reduced in pres- 
ence of fever. Exercise special care when treat- 
ing patients with a history of bronchial asthma, 
since their condition may be aggravated. 
Usage in Pregnanc 1 

The safety of Ismelin for use in pregnancy has 
not been established; therefore, this drug 
should be used in pregnant patients only when, 
in the judgment of the physician, its use is 
deemed essential to the welfare of the patient. 
PRECAUTIONS: The effects of guanethidine 
are cumulative over long periods; initial dose 
should be small and increased gradually in 
small increments. Use very cautiously in hyper- 
tensives with: renal disease and nitrogen reten- 
tion or rising BUN levels; coronary disease with 
insufficiency or recent myocardial infarction; - 
cerebral vascular disease, especially with 
encephalopathy. Do not give Ismelin to patients 
with severe cardiac failure except with extreme 
caution. : 

In incipient cardiac decompensation weight 
gain or edema may be averted by the adminis- 
tration of a thiazide. Remember that both 
digitalis and Ismelin slow the heart rate. 

Peptic ulcers or other chronic disorders may 
be aggravated by a relative increase in para- 
sympathetic tone. 

Amphetamine-like compounds, stimulants (eg, 
ephedrine, methylphenidate), tricyclic antide- 
pressants (eg, amitriptyline, imipramine, 
desipramine), and other psychopharmacologic 
agents (eg, phenothiazines and related com- 
pounds), and oral contraceptives may reduce 
the nypotensive effect of guanethidine. Discon- 


tinue MAO inhibitors for at least one week 
before starting Ismelin. 
ADVERSE REACTIONS: Frequent reactions due 
to sympathetic blockade—dizziness, weakness, 
lassitude, syncope. Frequent reactions due to 
unopposed parasympathetic activity—bradycar- 
dia, increase in bowel movements, diarrhea 
(may be severe and necessitate discontinuance 
of the drug). Other common reactions—inhibi- 
tion of ejaculation, fluid retention, edema, con- 
estive heart failure. Other less common reac- 
lons—dyspnea, fatigue, nausea, vomiting, 
nocturia, urinary incontinence, dermatitis, 
scalp hair loss, dry mouth, rise in BUN, ptosis 
of the lids, blurring of vision, parotid tender- 
ness, myalgia, muscle tremor, mental depres- 
sion, chest pains (angina), chest paresthesias, 
nasal congestion, weight gain, and asthma in 
susceptible individuals. Although a causal 
relationship has not been established, a few 
instances of anemia, thrombocytopenia, and 
leukopenia have been reported. 
DOSAGE AND ADMINISTRATION: Initial dosage 
should be low and increased gradually by small 
increments. 


Before starting therapy, consult complete 
product literature. 


HOW SUPPLIED: Tablets, 10 mg (pale yellow, 
scored) and 25 mg (white, scored); bottles of 
100 and 1000. 


CIBA Pharmaceutical Compan 


y 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


CIBA 


2/4818 17 


A-31 


INSTRUCTIONS FOR AUTHORS 


The editors and publishers of THE AMERICAN JOURNAL OF CARDI- 
OLOGY welcome concise articles devoted to cardiovascular disease. Ar- 
ticles must be contributed solely to THE AMERICAN JOURNAL OF CAR- 
DIOLOGY and become the property of the Publisher. The Publisher re- 
serves copyright and renewal on all published material, and such mate- 
rial may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the au- 
thors. Authors will assist the editors in the prompt processing of manu- 
scripts if these instructions are followed: 


THE WHOLE PAPER 


e Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 
10019. 

e Submit two copies of all elements 
of the article: text, references, leg- 
ends, tables and figures. 

e Arrange the paper in this order: 
(1) title page; (2) abstract; (3) text; 
(4) references; (5) legends; (6) ta- 
bles; and (7) figures. 

e Number all pages in above se- 
quence, beginning with title page as 
1, abstract as 2, etc. 

e Type all matter: (1) on 814 x 11 
opaque white bond paper; (2) in du- 
plicate; (3) on one side of each sheet 
only; (4) double-space; (5) leave wide 
margins, all four sides. 


THE TITLE PAGE 


e Number title page as page 1. 

e Include first names, degrees and, 
where applicable, FACC for all au- 
thors. 

e Insert at bottom: name and ad- 
dress of institution from which work 
originated plus information about 
grants. 

e Add at bottom the phrase ‘‘Ad- 
dress for reprints: . . ." followed by 
full name and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: an alpha- 
betical list of 2 to 6 key words and 
subjects for indexing. 


THE TEXT 


e Number pages in sequence after 
abstract. 

e Type in duplicate; double-space. 
e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 
Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 
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e Cite in numerical order every ref- 
erence, figure and table. (Order of 
mention in text determines the num- 
ber given to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 

e Type in duplicate; double-space. 

e Place immediately after text, and 
number pages in sequence after text 
page numbers. 

e Number the references in order in 
which they are mentioned in text. 

e Follow the general arrangement, 
abbreviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of references. 

e Identify at the end of each legend 
and in alphabetical order all abbrevia- 
tions in the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of legends. 


» Give each table a number (in roman 
numerals: Table I, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all 
abbreviations used. 


THE FIGURES 


* Submit 2 glossy prints (not origi- 
nals) of each photo and drawing. 


Please note that art work of published 


articles will not be returned. 


e Use black ink for all charts (line 
drawings). Make decimals, broken 
lines, etc. strong enough for repro- 
duction. 

* Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show 
only essential field. 

e Identify figures on back by num- 
ber and author's name. 

e Number figures in order in which 
they are mentioned in the text. 

è Indicate top of each figure. 

» Submit written permission from 
publisher and author to reproduce 
any previously published figures. 

e Limit figures to number necessary 
for clarity. The publisher allows a 
limited sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For ng neus by other than author of article): 


Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 


Williams & Wilkins, 1968, p 1X 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment, New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 





Schering Corporation announces 
New 


Direct-Action 


® 






at IV 
a DIAZOXIDE 


For emergency reduction 
of blood pressure 
in malignant hypertension 





INJECTION 
20 ml. ampule 
contains 300 mg 


In hospitalized patients 
when there's pressure 
for immediate control... 


Before prescribing see full product information on back page. 


efore prescribing see full product information on back page. 
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A major point of departure 


A 20ml. 
LV. “push” 

in 30 seconds 
for immediate 
reduction 

of dangerously 
high blood 
pressure 





Acts directly 

on "pressure 
points" 

of peripheral 

resistance 


(Artistic representation) 


at Iv 


sa DIAZOXIDE 


INJECTION 
20 ml ampule 
contains 300 mg 


Promptiy ona 




























































Reduces diastolic 
pressure quickly — 
often in 1 or 2 
minutes 


HYPERSTAT I. V. Injection combines 

direct-action antihypertensive potency 
and rapid administration for prompt 
and urgent reduction of accelerated 
diastolic pressure. Diastolic pressure 
drops within 5 minutes, often in 1 or 
2 minutes. 

Maximal effects generally follow a 
30-second-or-less I.V. “push” into a 
peripheral vein of a recumbent hos- 
pitalized patient. Slow injection may 
not reduce pressure or may produce 

a brief response. Use of an appro- 

priate diuretic can overcome treat- 

ment failure from increased extra- 
cellular fluid. A second injection is 
given if the first fails to give an 
adequate response in 30 minutes. 
Since repeated administration of 
HYPERSTAT I. V. Injection can 
lead to sodium and water reten- 
tion, administration of an appro- 
priate diuretic may be neces- 
sary for both maximal blood 
pressure reduction in patients 
with sodium and water reten- 
tion and to avoid congestive 
failure. 

Hypertensive emergency in 
malignant hypertension is 
usually promptly controlled. 
Treatment of this hyperten- 
sive emergency with 

HYPERSTAT I. V. Injection 

should be limited to a few 

days and a regimen of oral 
antihypertensive medica- 
tion should be instituted 
as soon as possible. 

HYPERSTAT I. V. 
Injection is ineffective 
against hypertension 

due to pheochromocy- 
toma. Moreover, the 
drug should not be 
used in compensatory 
hypertension associ- 
ated with aortic 
coarction or arterio- 
venous shunt. 


"after a single 
rapid intravenous in- 
jection of 300 mg., 
it [HYPERSTAT 
|. V.] promptly re- 
duces blood pres- 

sure usually to 
normal levels." 


Increases 

Cardiac output— 
maintains 
coronary, cerebral 
blood flow — 
increased renal 
blood flow after 

. initial decrease 


HYPERSTAT I. V. Injection produces a 
prompt reduction in blood pressure by 
relaxing smooth muscle in the peripheral 
arterioles. Cardiac output is increased as 
blood pressure is reduced by diazoxide; 
coronary and cerebral blood flow are 
maintained. Renal blood flow is increased 
after an initial decrease. Diazoxide has no 
known direct action on the central nervous 
system. However, as with any potent anti- 
hypertensive, it should be used with care 
in patients with impaired cerebral or car- 
diac circulation, in whom brief reductions 
in blood pressure might be detrimental. 

Patients refractory to other antihyper- 
tensive agents usually remain responsive 
to HYPERSTAT I. V. Injection. 








“The fall in arterial pressure with 
diazoxide is associated with an increase 
in cardiac output...a decrease in total 
peripheral resistance...and maintenance 
of cerebral blood flow...'? 






References: 1. Gifford, R. W., Jr.: "Drugs For 
Arterial Hypertension" in Modell, W. (ed.): Drugs 
of Choice 1972-1973, St. Louis, The C. V. Mosby 
Company, 1972, p. 391. 2. Finnerty, F. A., Jr., 

et al.: Hypertensive Vascular Disease, The Long 
Term Effect of Rapid Repeated Reductions of 
Arterial Pressure with Diazoxide, Am. J. Cardiol., 
19:377, 1967. 










| hr. 





Management of 
sodium and 
water retention, 
hypotension and 
hyperglycemia 


Sodium and water retention, hypotension, 
or hyperglycemia may occur with 
HYPERSTAT I. V. Injection therapy. 

Special attention is required for patients 
in whom retention of salt and water may 
present serious problems. In sodium 
retention, possible edema and congestive 
heart failure may be avoided with an 
appropriate diuretic, providing adequate 
renal function exists. The concomitant 
administration of diazoxide with thiazides 
or other commonly used potent diuretics 
may potentiate the hyperglycemic, 
hyperuricemic, and antihypertensive 
effects of diazoxide. 

Infrequent episodes of severe hypoten- 
Sion at recommended dosage or occa- 
sional undesirable hypotension from over- 
dosage can usually be controlled with 
sympathomimetic drugs such as nore- 
pinephrine. Failure of blood pressure to 
rise in response to this agent suggests 
that the hypotension may be caused by 
something other than HYPERSTAT I. V. 
Injection. 

Hyperglycemia occurs in the majority 
of patients, but usually requires treatment 
only in patients with diabetes mellitus; 
it will respond to the usual management, 
including insulin. 










More than 1000 cases 
over 12 years of 
clinical investigation 
in acute hypertensive 
situations support 
HYPERSTAT I.V. 
Injection 

usefulness in 
malignant 
hypertension 


Twelve years of clinical experience with 
HYPERSTAT I. V. Injection confirmed its 
preclinical potential: to exert significant 
antihypertensive action through direct 
effect on peripheral arterioles which 
neither impairs cardiac output nor dimin- 
ishes perfusion of kidneys. 

In over 1000 cases, HYPERSTAT I. V. 
Injection proved useful for emergency 
reduction of blood pressure when prompt 
and urgent decrease of diastolic pressure 
was required. 


Sustains relaxation 
of arteriolar muscle 
with no 





(Artistic Representation) 





4 hrs. 


8 hrs. 


12 hrs 


General representation of HYPERSTAT I. V. Injection activity up to 12 hours; individual response varies from patient to patient. 
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New...for emergency reduction of blood pressure 
in malignant hypertension 





FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


DESCRIPTION — HYPERSTAT I.V. Injection is a rapidly acting antihypertensive agent. Each ampule (20 ml.) 
contains 300 mg. diazoxide, a nondiuretic benzothiadiazine derivative, in a clear, colorless, aqueous 
solution, the pH is adjusted to approximately 11.6 with sodium hydroxide. Diazoxide is 7-chloro-3-methyl-2H 
1, 2, 4-benzothiadiazine 1, 1-dioxide. 


ACTIONS — HYPERSTAT I.V. Injection produces 2 prompt reduction in blood pressure by relaxing smooth 
muscle in the peripheral arterioles. Cardiac output is increased as blood pressure is reduced by diazoxide; 
coronary and cerebral blood flow are maintained. Renal blood flow is increased after an initial decrease. 
Diazoxide has no known direct action on the central nervous system. 

Patients refractory to other antihypertensive agents usually remain responsive to diazoxide. 

Diazoxide is extensively bound to serum pratein (>90%). The plasma half-life is 28 + 8.3 hours; however, 
the duration of its antihypertensive effect is variable, generally lasting less than 12 hours. Although an 
antihypertensive response has been obtained with slow infusion or injection, in general, a greater 
antihypertensive effect is obtained with rapid intravenous administration. 


INDICATIONS — HYPERSTAT I.V. Injection is indicated for the emergency reduction of blood pressure in 
malignant hypertension in hospitalized patierts, when prompt and urgent decrease of diastolic pressure is 
required. Treatment with orally effective antihypertensive agents should be instituted as soon as the 
hypertensive emergency is controlled. 

HYPERSTAT I.V. Injection is ineffective against hypertension due to pheochromocytoma. 


CONTRAINDICATIONS HYPERSTAT I.V. Injection should not be used in the treatment of compensatory 
hypertension, such as that associated with aortic coarctation or arteriovenous shunt. 

The drug should not be used in patients hypersensitive to diazoxide or other thiazides, unless the 
potential benefits outweigh the possible risks. 


WARNINGS Usage in Pregnancy: The safety ef HYPERSTAT I.V. Injection in pregnancy has not yet been 
established. 

Information is not available concerning the passage of HYPERSTAT in breast milk. However, it is known 
that diazoxide crosses the placental barrier ard appears in cord blood. Like other thiazides, the drug may 
produce fetal or neonatal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism, and 
possibly other adverse reactions that have occurred in adults. 

Usage in Children: The safety of HYPERSTAT LV. Injection in children has not yet been established 

Hypotension may occasionally result from the administration of HYPERSTAT I.V. If hypotension severe 
enough te require therapy occurs, it will usually respond to the administration of sympathomimetic 
agents, such as norepinephrine. 

Hyperglycemia occurs in the majority of patients, but usually requires treatment only in patients with 
diabetes mellitus; it will respond to the usual nanagement, including insulin. Therefore, blood glucose 
levels should be monitored especially in patients with diabetes or in those requiring multiple injections of 
diazoxide. Hyperglycemia and hyperosmolar coma associated with transient cataracts developed in one 
infant receiving repeated daily doses of oral diazoxide. The disturbed carbohydrate metabolism was 
successfully treated with insulin. Cataracts heve been observed in a few animals receiving repeated daily 
doses of intravenous or oral diazoxide 

Since diazoxide causes sodium retention, repeated injections may precipitate edema and congestive heart 
failure. This retention responds characteristically to diuretic agents if adequate renal function exists. It 
should be noted that concurrently administered thiazides may potentiate the antihypertensive, 
hyperglycemic, and hyperuricemic actions of diazoxide (See Drug Interactions). 

Since increased volume of extracellular fluic may be a cause of treatment failure in nonresponsive 
patients, it may be advisable to reduce this increased volume by means of a diuretic agent. 

Although no evidence of excessive anticoagulant effects has been reported, patients, especially those who 
are hypoalbuminemic and receive HYPERSTAT I.V. Injection and coumarin or its derivatives, may require 
reduction in dosage of the anticoagulant (See Drug Interactions). 


PRECAUTIONS — HYPERSTAT (diazoxide) I.V. Injection ıs a potent antihypertensive agent requiring close 
monitoring of the patient's blood pressure at frequent intervals. Its administration may occasionally cause 
hypotension requiring treatment with sympathemimetic drugs. Therefore, adequate facilities to treat such 
untoward reactions should be available when HYPERSTAT I.V. Injection is used. 

HYPERSTAT I.V. Injection should be administered only into a peripheral vein. Because the alkalinity of the 
solution is irritating to tissue, extravascular injection or leakage should be avoided; subcutaneous 
administration has produced inflammation and pain without subsequent necrosis. If leakage into 
subcutaneous tissue occurs, the area should be treated conservatively. 

Maximal antihypertensive effects occur after rapid administration (within 30 seconds) into the vein; a 
slower injection may fail to reduce blood pressure or produce a very brief response. 

As with any potent antihypertensive agent, HYPERSTAT I.V. Injection should be used with care in patients 
who have impaired cerebral or cardiac circulation, that is, patients in whom abrupt and brief reductions in 
blood pressure might be detrimental. 

Special attention is required for patients with diabetes mellitus and those in whom retention of salt and 
water may present serious problems (See Warnings). Nondiabetic patients may have a transient, reversible, 
and clinically insignificant increase in blood glucose following HYPERSTAT I.V. Injection. 

Since peritoneal dialysis or hemodialysis can reduce levels of diazoxide in the blood, patients undergoing 
dialysis may require more than one injection. 


ADVERSE REACTIONS 

Frequent and serious adverse reactiors: Sodium and water retention after repeated injections, 
especiallyimportant in patients with impaired cardiac reserve; hyperglycemia frequently requiring 
treatment in diabetic patients, especially after repeated injections. 

Intrequent but serious adverse reactions: Hypotension to shock levels; myocardial and/or cerebral 
ischemia, usually transient but possibly leading to thrombosis and manifested by angina, atrial and 
ventricular arrhythmias, and marked electrocardiographic changes; unconsciousness, convulsions, 
Paralysis, or confusion; persistent retention of nitrogenous wastes after repeated injections; sensitivity 
reactions, such as rash, leukopenia, and fever. 

Other adverse reactions: Nausea, vomiting, and/or abdominal discomfort; vasodilative phenomena, 
such as flushing, generalized or localized sensations of warmth, headache (sometimes throbbing), and 
sweating; orthostatic hypotension, lightheadedness, and weakness of short duration; supraventricular 
tachycardia and palpitation; transient hyperglycemia in nondiabetic patients; transieni retention of 
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In hospitalized patients 
when there’s pressure 
for immediate control 


nitrogenous wastes; nonanginal “tightness in the chest"; warmth or pain along the injected vein; ce 
without sloughing and/or phlebitis at the site of extravasation; anorexia and alteration of taste; ileu 
bradycardia; back pain; chest discomfort; dyspnea, choking sensation; apprehension or anxiety, mal 
and blurred vision occurred on single occasions; parotid swelling, salivation, lacrimation; ringing in 
ears; diarrhea and constipation; increased nocturia. euphoria. 


DRUG INTERACTIONS Since diazoxide is highly bound to serum protein, it may displace other subst 
or drugs which are also bound to protein, such as bilirubin or coumarin and its derivatives. These 
potential interactions must be considered when administering HYPERSTAT (diazoxide) I.V. Injection. | 
concomitant administration of diazoxide with thiazides or other commonly used potent diuretics ma! 
potentiate the hyperglycemic, hyperuricemic, and antihypertensive effects of diazoxide. 


OVERDOSAGE Overdosage of HYPERSTAT (diazoxide) I.V. Injection may cause an undesirable hypote 
Usually, this can be controlled with sympathomimetic agents, such as norepinephrine; tailure of the 
pressure to rise in response to such an agent suggests that the hypotension may have been caused t 
something other than diazoxide. Excessive hyperglycemia resulting from overdosage will respond to 
conventional therapy cf hyperglycemia. 

Diazoxide may be removed from the dlood by peritoneal dialysis or hemodialysis. 


ANIMAL PHARMACOLOGY AND TOXICOLOGY In studies involving a number of species, including the 
cat, dog, and monkey, diazoxide has been shown to exert significant antihypertensive actions throug! 
direct effect on peripheral arterioles, which neither impairs cardiac function nor seriously diminishe 
perfusion of kidneys. In addition, in each species tested, including the rat, dog, and monkey, diazoxic 
elicits hyperglycemia, increased serum-free fatty acids and decreased plasma insulin levels by a 
mechanism thought to involve doth suppression of insulin release and enhanced catecholamine acti: 

Although the data are not conclusive, reproduction and teratology studies in several species of an 
indicate that diazoxide, when administered during the critical period of embryo formation, may inter 
with normal fetal development, possibly through altered glucose metabolism, Parturition was 
occasionally prolonged in animals treated at term. 


DOSAGE AND ADMINISTRATION HYPERSTAT I.V. Injection is administered undiluted and rapidly by 
intravenous injection to ensure maximal effect. It should only be given into a peripheral vein. Do not 
administer it intramuscularly, subcutaneously, or into body cavities. Avoid extravasation of the drug i 
subcutaneous tissues. 

The response to HYPERSTAT | V. Injection varies from patient to patient. Generally, blood pressure 
decreases within five minutes, often within one to two minutes, to the lowest level achieved. The bloot 
pressure increases relatively rapidly in the next ten to 30 minutes, and then more slowly over the folla 
two to 12 hours, nearly reaching but rarely exceeding the pretreatment level. The response to successi 
injections is frequently better than that to the initial injection. 

Treatment of hypertensive emergencies with HYPERSTAT I.V. Injection should be limited to a few day 
regimen of oral antihypertensive medications should be instituted as soon as possible. 

With the patient recumbent, the contents of one 20 ml. ampule containing 300 mg. of HYPERSTAT |. 
Injection are administered intravenously in 30 seconds or less. Dilution and administration by infusit 
slow injection may fail to reduce the blood pressure or may produce an exceedingly short response. 

Specific dosage is required in children or in unusually large or small patients. This dosage may be 
calculated on the basis of 5 mg /kg. body weight (0.3 ml./kg.) (See Warnings). 

A second administration of HYPERSTAT I.V. Injection may be required for a satisfactory reduction in 
pressure, if the first injection fails to give an adequate response within 30 minutes. 

Repeated administration of HYPERSTAT I.V. Injection at intervals of four to 24 hours usually will ma 
the blood pressure below pretreatment levels until a regimen of oral antihypertensive medication beci 
effective. The interval between injections may be adjusted by the duration of the response to each inje 
It is usually unnecessary to continue treatment with HYPERSTAT I.V. Injection for more than four to five 

Following the use of HYPERSTAT I.V. Injection, the blood pressure should be monitored closely until i 
stabilized. Thereafter, measurements taken hourly during the balance of the effect will indicate anyu 
response. A further decrease in blood pressure at 30 minutes or more after injection should be investi; 
for causes other than the action of HYPERSTAT I.V. Injection. It is preferable that the patient remain 
recumbent for half an hour after injection. In ambulatory patients, the blood pressure should be meas 
with the patient standirg before surveillance is ended. 

Since repeated administration of HYPERSTAT I.V. Injection can lead to sodium and water retention, 
administration of a diuretic may be necessary both for maximal blood pressure reduction and to avoid 
congestive failure. 


HOW SUPPLIED HYPERSTAT I. V. Injection is supplied in a 20 ml. ampule containing diazoxide 300 mg 
clear, colorless aquecus solution; box of one ampule. 

Protect from light anc freezing. 

Store away from heat. DECEMBER 


20 ml. 
in 30 seconds 
. for direct action 
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Schering Corporation 
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Symposium on High Blood Pressure: Mechanisms and Management 


Introduction 


High blood pressure, a condition with devastating 
consequences in terms of disability and death, re- 
mains for the most part an unsolved physiologic 
problem. However, studies during the past 10 or so 
years strongly suggest, to me at least, that what was 
once called essential hypertension now comprises a 
number of disorders that appear to be biochemically 
and hemodynamically different from each other. It 
has also become clear that the control of blood pres- 
sure per se, using a variety of drugs with different 
mechanisms of action, can strikingly protect from de- 
velopment of stroke or heart or kidney failure. More- 
over, in my view, it is very likely that, if research 
support continues, better understanding of the 
mechanisms and biochemical abnormalities involved 
in a particular type of hypertension and improved 
treatment with superior and more specific pharma- 
cologic agents will ensue. 

In this setting of increased awareness of the mag- 
nitude of the problem and the knowledge that effec- 
tive therapies are now available, the government 
has at long last developed an interest in support- 
ing a concerted attack on high blood pressure. 
This national interest and effort is to be both com- 
mended and lamented. Lamented because, at the 
same time, financial support for basic hypertension 
research has not increased appreciably in absolute 
amounts over the last 15 years. Any increased sup- 
port has been directed toward massive programs to 
encourage education, detection and treatment at a 
time when the education and treatment to be recom- 
mended are still far from perfect. The real hope for 
attaining good prevention and treatment of hyper- 
tension must lie in a strong scientific program aimed 
at discovering causes, understanding consequences 
and developing better techniques for pharmacologic 
or physiologic control. In short, although education 
and detection are very essential, any thoughtful “na- 
tional plan" must put a much stronger emphasis on 
basic and applied science. 


From the Columbia Presbyterian Medical Center, New York, N.Y. 
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From the public health and epidemiologic stand- 
point, the challenge is enormous. High blood pres- 
sure is extremely common. The National Health 
Survey of 1960-1962 reported 17 million people, or 15.3 
percent of the adult population in the United States, 
to have definite hypertension of greater than 160/95 
mm Hg and another 16.2 million to have borderline 
hypertension ranging between 140/92 to 160/95 mm 
Hg. The combined total represents 30 percent of the 
population. These figures do not encompass millions 
of others who have heart attacks that may have been 
associated with unidentified antecedent hyperten- 
sion. Moreover, these figures may not represent the 
true magnitude of the problem since “normal” is an 
arbitrary term, and actuarial data from insurance 
companies' studies suggest that even within the nor- 
mal range a relatively higher blood pressure poses a 
greater risk than a relatively lower pressure. Because 
of the endemic proportions of the disease and be- 
cause a variety of drugs that offer effective treatment 
are already available, the problem has special appeal 
to sociologists and public health-minded physicians. 

"Therapeutic approaches can be improved in sever- 
al ways. First, there are certain key drugs of long- 
established value that have not yet been made avail- 
able in the United States despite wide use abroad. 
Moreover, as good as antihypertensive drugs are, 
there is room for considerable improvement in the 
development of more specific drugs with fewer unde- 
sirable side effects. There is also great potential for 
getting away from the empiric approach to therapy 
by selecting the right drug for the right patient on 
the basis of better understanding of the mechanism 
of action of the drug itself and of the particular 
physiologic defect expressed in any given hyperten- 
sive patient. Over and above these considerations, 
the real problem in treating this disease is inducing 
long-term compliance in the face of the fact that 
patients are asymptomatic and feel well for many 
years before crippling complications ensue. 

Hypertension as a physiologic problem has an al- 
most unique charm. There is something in it for ev- 
erybody. Those interested in the problem need not 
confine themselves to a particular organ system or to 
a particular level of investigation. It is quite clear 
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that the solution to hypertension in all of its aspects 
will require the mobilization of many biomedical dis- 
ciplines ranging from epidemiology and sociology to 
molecular biology because hypertension seems to me 
to be the expression of a cybernetic disorder that in- 
volves the dynamic interparticipation of the neural, 
endocrine, renal and cardiovascular systems. Because 
of this, our own research group has had to develop 
expertise in many areas. As specialists in hyperten- 
sion we find ourselves identified as and discoursing 
with other cardiovascular physiologists, renal 
physiologists, endocrinologists and also clinical phar- 
macologists. We have to be familiar with the pre- 
cepts and tenets of all these disciplines in order to 
pursue our own investigations. This familiarity is re- 
inforced by exposure to relevant clinical problems 
which, in turn, equips us to contribute to and better 
enjoy the analysis of a whole variety of medical and 
surgical disorders. 

In this setting, I was invited 2 years ago by the 
late Alexander Gutman to organize a “Symposium 
. on Hypertension: Mechanisms and Management,” 

which was published in the May 1972 issue of The 
American Journal of Medicine. This Symposium ex- 
ceed all our expectations from the standpoint of pop- 
ular demand and has gone through several reprint- 
ings to fill requests. Perhaps because of this, William 
Grace, the new Editor, thought that it might be ap- 
propriate to publish a second section. After giving it 
some thought, I determined that the subject could 
not be comprehensively covered with just another 
issue. I posed the problem, and with the help of 
Louis LeJacq, the altruistic publisher of both The 
American Journal of Medicine and The American 
Journal of Cardiology, we considered extending the 
Symposium to involve both journals. This idea was 
graciously and warmly embraced by Simon Dack; 
hence, the genesis of this Symposium issue. 

In this issue, modern aspects of therapy are high- 
lighted. Jan Koch-Weser presents a sophisticated re- 
view of the panoply of drugs now available and dis- 
cusses how they can be intelligently used to cope 
with pathophysiologic derangements as they are ex- 
pressed in various patients. Two papers from our 
own group amplify this approach and illustrate the 
usefulness of hormonal profiling to apply specific 


therapy with diuretic agents for low renin or volume- 
dependent forms of hypertension and propranolol to 
identify and specifically control inappropriately high 
renin secretion occurring in various forms and stages 
of high and normal renin hypertensive vascular dis- 
ease. Other aspects of therapy are considered by 
Priscilla Kincaid-Smith, who has the advantage of 
being able to evaluate a number of interesting drugs 
which are restricted by the Food and Drug Adminis- 
tration in this country. Altogether these papers 
should give the clinician a feeling for what is now 
available, what is around the corner, and how the 
various agents can be used thoughtfully by different 
experts to treat individual problems. 

A paper by Carl Ayers and his associates considers 
criteria for quality care of hypertensive patients in 
outpatient settings and another by Darwin Labarthe 
and his associates provides a critical analysis of cur- 
rently available blood pressure recording devices. To 
complement these aspects, papers on the mecha- 
nisms and treatment of toxemia of pregnancy and on 
the relation of hypertension to diabetes and its treat- 
ment provide still other dimensions. The paper by 
James Hunt and Cameron Strong on renovascular 
hypertension gives the clinician a solid basis for un- 
derstanding the natural history and therapeutic ap- 
proaches to this potential curable form of high 
blood pressure. 

Leon Speroff reviews the modern approach to 
treatment of toxemias of pregnancies and considers 
etiologic factors in relation to the recent work of his 
own group on prostaglandins. Richard Christlieb 
provides a balanced experimental and clinical view 
of the relation of diabetes to hypertension and offers 
guidelines for therapy. 

For the clinician who wishes to look further and 
more widely into the hypertension problem, the papers 
included in this issue will form part of a manual on 
hypertension which will be published by the Yorke 
Medical Group this fall. This manual will con- 
sider many aspects of the high blood pressure prob- 
lem, including mechanisms, methods and treat- 
ments, presented as the current state of the art. 


JOHN H. LARAGH, MD 
New York, New York 
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Patients with primary hypertension vary in the extent to which abnor- 
malities of peripheral vascular resistance, cardiac output, intravas- 
cular volume, and the functional state of the renin-angiotensin-aldo- 
sterone and sympathetic nervous system contribute to their hyper- 
piesis. Antihypertensive drugs can specifically counteract most of 
these pressor mechanisms. Through choice of appropriate drugs one 
can selectively correct existing disturbances and increase the effec- 
tiveness and acceptance of antihypertensive therapy. 

Increased vascular resistance of patients with mild hypertension 
can be reversed by diuretic agents. In all others more effective 
vasodilators are required. These should be coadministered with a 
diuretic and propranolol to prevent expansion of intravascular and ex- 
tracellular volumes and reflex increases in cardiac output and plas- 
ma renin activity. This combination of drugs can control all degrees 
of hypertension. 

Because it reduces cardiac output and depresses plasma renin 
activity, propranolol is indicated for hypertensive patients with ele- 
vated cardiac output or hyperreninemia. Sympathoplegic drugs are 
most specific for patients whose hypertension is maintained by ex- 
cessive sympathetic stimulation of the circulation. Low renin essen- 
tial hypertension responds well to the natriuretic effects of spironolac- 
tone and other diuretic agents. 

Since the arterial compliance of hypertensive subjects decreases 
with increasing pressure, they have more systolic than diastolic hy- 
perpiesis. Systolic hypertension at least equals diastolic as a risk fac- 
tor for cardiovascular complications. Drug therapy of hypertension 
decreases systolic pressure more than diastolic, but the former often 
remains elevated when diastolic normotension has been achieved. In 
patients with decreased arterial compliance, normalization of systolic 
pressure requires induction of diastolic hypotension, and the safety 
and effectiveness of such therapy remain unknown. 


Controlled, prospective studies during the last decade have shown 
that pharmacologic reduction of arterial pressure decreases the car- 
diovascular morbidity and mortality of hypertensive patients.1-? Al- 
though some questions remain concerning the need for drug therapy 
in borderline and mild hypertension, and further prospective trials 
are in progress, there is growing agreement that continuous mainte- 
nance of normotension is a desirable goal. Normal or near normal 
pressures can now be achieved in almost all hypertensive subjects 
with some antihypertensive drug or drug combination without dis- 
tressing side effects and at a daily cost ranging from a few cents to 
that of a pack of cigarettes. It is all the more regrettable that most of 
these subjects do not receive effective drug therapy.? 

There are impressive differences among patients with essential hy- 
pertension in their response to individual antihypertensive drugs. A 
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TABLE I 


Hemodynamic and Hormonal Effects of 
Antihypertensive Drugs 


Total Plasma 
Cardiac Peripheral Plasma Renin Sympathetic 
Drugs Output Resistance Volume Activity Stimulation 
Diuretics 0,+ — — + 0, 4- 
Propranolol — 0, + 0 — — (beta) 
Vasodilators +* -- + + + 
Guanethidine — — + ? — 
Reserpine 0, — — + — — 
Methyldopa 0 — + — — 
* No increase with nitroprusside. 
+ = increase; — = decrease; 0 = no change. 


drug that normalizes blood pressure in one patient 
may be relatively ineffective in another and may 
achieve normotension only at the cost of major side 
effects or not at all. This remains true even when in- 
dividual pharmacokinetic differences are taken into 
account,*.9 and the dosage of drugs is titrated 
against their antihypertensive effect.9.7 Most physi- 
cians administer their favorite antihypertensive 
drugs in some sequence until by trial and error a 
drug or combination of drugs is found that produces 
an acceptable reduction of diastolic pressure. Unfor- 
tunately, control of arterial pressure at that point is 
often far from optimal, unsatisfactory in the supine 
position, or associated with distressing side effects 
that threaten the patient’s adherence to the pre- 
scribed regimen. 

Fortunately, prospective individualization of anti- 
hypertensive therapy is now coming into reach. 
There is convincing evidence that patients with pri- 
mary hypertension are not homogeneous in regard to 
the mechanisms that operate to maintain their ex- 
cessive arterial pressure.?.? Patients with essential 
hypertension vary in the extent to which cardiac 
output, peripheral vascular resistance, intravascular 
volume and the functional state of their renin-angio- 
tensin-aldosterone and sympathetic nervous systems 
contribute to their hypertension. It is increasingly 
possible to quantitate the importance of these factors 
in hypertensive patients. We have antihypertensive 
drugs whose mechanism of action is well defined and 
which can specifically counteract the pressor mecha- 
nisms. 

Characterization of the hypertensive mechanisms 
operating in a given patient enables us to predict 
which drug or combination of drugs will most effec- 
tively correct his hypertension. This approach per- 
mits therapeutic normalization of the situation, in- 
stead of the addition of further abnormalities to 
compensate for the hypertensive effect of existing 
disturbances. Thus it eliminates side effects stem- 
ming from drug-induced disturbances in normal 
function and should increase patient compliance. 


It must be emphasized that the effectiveness and 
the advantages of prospectively individualized anti- 
hypertensive therapy remain largely hypothetical. 
Although the approach is theoretically sound, its 
clinical value must still be established by appropri- 
ate controlled trials. It may also appear to be in con- 
flict with the size of the hypertensive population re- 
quiring drug therapy, since it is not feasible to quan- 
titate the pressor mechanism in many millions of pa- 
tients. Fortunately, the conflict is not real, because 
the great majority of patients with essential hyper- 
tension can be rendered normotensive by administer- 
ing a diuretic agent and, when needed, adding low 
doses of propranolol or of a sympathoplegic drug. It 
is only in a minority of patients that precise fitting of 
drug action to the hypertensive mechanisms is likely 
to be necessary and rewarding. 

This discussion begins with a brief review of the 
pharmacodynamics of the important antihyperten- 
sive drugs. Correlation of that information with the 
pathophysiologic characteristics of identifiable sub- 
groups of primary hypertension forms the basis 
for predictive individualization of drug therapy in es- 
sential hypertension. 


Pharmacodynamics of Antihypertensive Drugs 
Diuretics 


When diuretic drugs are administered chronically 
to hypertensive patients, they reduce arterial pres- 
sure primarily by lowering total peripheral resistance 
(Table I).19.11 The mechanism of this action is not 
yet clear. It may involve a direct action on arteriolar 
smooth muscle or changes of electrolyte concentra- 
tions or water content in the arteriolar wall that af- 
fect its thickness, tone or pressor responsiveness.19.12 
Cardiac output and heart rate are unchanged or may 
show slight reflex increases. The diuretic action of 
these drugs initially reduces extracellular fluid and 
plasma volume.!! This reduction may persist to 
some extent during long-term therapy and may con- 
tribute to the hypotensive action of the diuretic 
drugs.1?.1* Plasma renin activity also increases!3.15. 
16 and may remain increased!? during administra- 
tion of diuretic agents. Autonomic reflex mecha- 
nisms essential for cardiovascular homeostasis are 
unimpaired. 

Maximally effective doses of diuretic agents usual- 
ly reduce arterial pressure by 15 mm Hg or less and 
are sufficient only in patients with mild hyperten- 
sion. However, these agents are also essential in 
those with more severe hypertension who require ad- 
ditional drugs. Administration of most antihyperten- 
sive drugs is follówed by a gradual retention of sodi- 
um and expansion of extracellular fluid and plasma 
volume resulting in progressive decrease of their ef- 
fectiveness.17-?29 Concomitant diuretic therapy pre- 
vents this and thereby potentiates the antihyperten- 
sive effect produced by other chronically adminis- 
tered drugs.19.20 
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No important differences in the antihypertensive 
effectiveness of short- or long-acting benzothiadia- 
zides, chlorthalidone and spironolactone have been 
demonstrated in unselected patients with essential 
hypertension.?1-23 However, in the prevention of so- 
dium retention induced by other antihypertensive 
agents, furosemide and ethacrynic acid have a great- 
er maximal effect than the thiazides. The effective- 
ness of spironolactone varies greatly among patients, 
since it depends on the degree of aldosterone activi- 
ty. Furosemide may have somewhat less antihyper- 
tensive action than the thiazides.?* Although in- 
creases in plasma potassium inhibit renin release and 
hypokalemia is a stimulus for renin secretion, it 
appears that spironolactone, a potassium-sparing 
diuretic agent, causes no less increase in plasma renin 
activity than hydrochlorothiazide.?9 


Propranolol 


The effective beta adrenergic antagonist propran- 
olol can lower elevated arterial pressure by two or 
perhaps three mechanisms (Table I). First, it de- 
creases secretion of renin by human kidneys.26-28 
Second, it can reduce myocardial contractility, heart 
rate and cardiac output by decreasing sympathetic 
stimulation of the heart.?9-31 In some patients, the 
hypotensive effect of this action may be partially 
counteracted by increases in total peripheral resis- 
tance.29.3? This hypotensive action is most impor- 
tant when propranolol is coadministered with diuret- 
ic or vasodilating drugs that reflexly increase sympa- 
thetic stimulation and cardiac output.33-39 Third, 
large doses of propranolol may exert an antihyper- 
tensive effect by way of catecholaminergic neurons in 
the central nervous system.3$ 

It is probable that only the first two mechanisms 
are important with beta blocking doses of up to 160 
mg/day. Both these mechanisms involve an antago- 
nism of endogenous functions whose intensity varies 
from patient to patient and is greatly influenced by 
other therapy. Thus, one would expect considerable 
variation in the magnitude of the antihypertensive 
effect of propranolol. This probably explains the con- 
flicting reports on the effectiveness of blood pressure 
reduction by propranolol.39.31.37,38 The antihyper- 
tensive action of the drug has indeed been shown to 
be proportional to the patient's plasma renin activity 
before treatment.?* Propranolol should also be par- 
ticularly effective in hypertensive patients with high 
sympathetic tone and cardiac output, whether spon- 
taneous in origin or induced by therapy with other 
drugs.34 

Since propranolol does not block alpha receptor 
stimulation, it leaves sympathetically mediated va- 
soconstrictor reflexes intact and causes neither or- 
thostatic hypotension nor disturbances of sexual 
function. It has little effect on plasma volume in the 
usual patient with essential hypertension.?? It can 
precipitate cardiac failure in patients dependent on 
sympathetic stimulation of the myocardium,*? but 


this is very rare during the therapy of hyperten- 
sion.39 


Vasodilators 


Vasodilating drugs used as antihypertensive agents 
include hydralazine, guancydine, minoxidil, diazox- 
ide and nitroprusside. Only hydralazine is available 
for long-term treatment of hypertension; guancydine 
and minoxidil are still investigational drugs, and 
diazoxide and nitroprusside are only used intrave- 
nously for therapy of hypertensive emergencies. The 
mechanism of antihypertensive action of all these 
drugs is the same: They relax arteriolar smooth mus- 
cle thereby decreasing total peripheral resistance.3?: 
41-44 Maximal vasodilation achievable with these 
agents varies, with nitroprusside, diazoxide and 
minoxidil being more effective than guancydine and 
hydralazine. However, even hydralazine can lower 
total peripheral resistance by as much as 50 per- 
cent.* 

The antihypertensive effectiveness of vasodilator 
drugs is limited during their long-term use by three 
responses of hypertensive patients to reduction of ar- 
terial pressure (Table I). First, there is a reflex in- 
crease in sympathetic activity which increases heart 
rate and cardiac output.33.34.41-44 This can reduce 
the hypotensive effect of vasodilators by 50 to 75 
percent, and the increase in cardiac work may be 
poorly tolerated by patients with limited coronary 
reserve. Only nitroprusside, which produces postcap- 
illary vasodilation and decreases venous return, does. 
not increase cardiac output.*3.4? Second, adminis- 
tration of hypotensive doses of hydralazine,*9 guan- 
cydine,8 minoxidil,?9 diazoxide,?9:57.458 nitroprus- 
side? and probably every vasodilator to hyper- 
tensive patients is followed by a rise in plasma renin 
activity. This rise appears to be caused primarily by 
increased sympathetic discharge to the kidney.26.46.49 
Third, there is retention of sodium and water and 
expansion of extracellular fluid and plasma volume.?9. 
33,35,44 The first two undesirable responses can be 
prevented by concomitant administration of pro- 
pranolol, which isolates the heart from excessive 
sympathetic stimulation?* and suppresses renal re- 
lease of renin,?3 and the third by use of a diuretic 
agent. This combination of drugs can control all de- 
grees of hypertension, leaves intact the vasoconstric- 
tor reflexes required for cardiovascular homeostasis 
and is free from the other side effects of generalized 
sympathoplegia.33.34.50 


Guanethidine 


Guanethidine is a powerful sympathoplegic agent 
that exerts its antihypertensive action by interfering 
with neurotransmission at the adrenergic nerve end- 
ings.951.92 The sympatholytic actions of the drug de- 
crease both arteriolar and venous tone and can de- 
press myocardial function.5!:52 Large doses of guan- 
ethidine can cause sympathoparalysis, but peripher- 
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al vascular resistance and cardiac output can be de- 
pressed only to the extent to which they are main- 
tained by sympathetic stimulation (Table I). Like 
any hypotensive agent that acts by interfering with 
sympathetic vasomotor outflow, guanethidine has its 
most pronounced effect under conditions normally 
characterized by increased sympathetic discharge. It 
therefore tends to cause orthostatic and exercise hy- 
potension?? and is least effective when the patient is 
resting in the supine position. 

Whatever hypotensive benefit is available to a hy- 
pertensive patient from depression of sympathetic 
nervous system activity can be achieved with guan- 
ethidine. The drug cannot be very effective for hy- 
pertensive patients in whom excessive sympathetic 
tone contributes little to blood pressure elevation. 
Undesired side effects of sympathoplegia, such as 
impairment of homeostatic vasoconstrictor reflexes 
and sexual function, are inevitable when the dosage 
of guanethidine or of any drug of its type is increased 
until stimulation of sympathetic receptors is de- 
pressed far below the normal level. 

In common with other drugs that interfere with 
adrenergic function, guanethidine causes sodium and 
fluid retention and expansion of plasma volume.17-19 
For this reason it tends to lose hypotensive effective- 
ness unless combined with a diuretic drug.19-54 
Guanethidine therapy can induce cardiac failure in 
patients with reduced cardiac reserve.°> Whether 
guanethidine depresses plasma renin activity is not 
clear but seems likely, since all drugs that impair 
sympathetic stimulation of the kidneys seem to have 
this effect. 49.56 


Reserpine 

Reserpine and other rauwolfia alkaloids exert their 
antihypertensive action primarily by decreasing pe- 
ripheral vascular resistance (Table I).52.57 When ad- 
ministered in sufficient doses, reserpine can also de- 
crease heart rate, myocardial contractile function 
and cardiac output.57.58 The mechanism involved is 
diminution of sympathetic stimulation of blood ves- 
sels and heart, due both to depletion of norepineph- 
rine stores in sympathetic nerve endings and to an 
action on the hypothalamus and vasomotor center.5? 

The maximal blood pressure-lowering potential of 
reserpine in a given patient is limited by the contri- 
bution of sympathetic stimulation to the mainte- 
nance of arterial pressure. However, the depressive 
effects of reserpine on the central nervous system do 
not allow long-term administration of doses that pro- 
duce high grade sympathoplegia.*-59 The usual daily 
doses of 0.25 to 0.5 mg cause only mild depression of 
sympathetic nervous system activity, have a hypo- 
tensive effect rarely exceeding 10 mm Hg, and are 
unlikely to result in postural or exercise hypotension 
or other side effects of marked sympathoplegia. In 
therapeutic doses reserpine can decrease plasma 
renin activity.96 Increased plasma volume and con- 
gestive heart failure can occur when reserpine is used 
as the sole antihypertensive drug.®° 


Methyldopa 


Methyldopa is an antihypertensive agent by virtue 
of its ability to decrease peripheral arteriolar resis- 
tance?2.60; it has little or no effect on heart rate and 
cardiac output (Table I).52-6° The mechanism of ac- 
tion of methyldopa remains unclear. Interference 
with biosynthesis of norepinephrine and substitution 
of alphamethylnorepinephrine for norepinephrine as 
a false transmitter in the sympathetic nerve ending 
seem quantitatively insufficient to account for the 
antihypertensive effect.91.92 It appears that methyl- 
dopa exerts most of its action by means of a central 
nervous system mechanism that decreases sympa- 
thetic vasomotor outflow.92.63 

Methyldopa is most effective in patients in the 
standing position, but postural variation of blood 
pressure reduction is much less than with guanethi- 
dine, and orthostatic hypotension appears in fewer 
patients.9* The individual hypotensive response to 
methyldopa is variable, ranging from no effect to 
approximately 25 mm Hg. Side effects on the cen- 
tral nervous system, such as lassitude, drowsiness 
and decrease of mental acuity, limit the tolerated 
dose and the therapeutic value of methyldopa. 
Methyldopa depresses plasma renin activity.96.65 
When used for long periods without a diuretic agent, 
the drug can cause expansion of plasma and extra- 
cellular fluid volume and thereby lose some of its an- 
tihypertensive effectiveness.20.64 


Choice of Drug Therapy on the Basis of 
Principal Pressor Factors 


Essential Hypertension with Usual Features 


Most patients with chronic essential hypertension 
have elevated total peripheral resistance whereas 
their cardiac output is generally normal.99.67 Plasma 
volume can be within normal limits in mild hyper- 
tension but decreases with increasing diastolic pres- 
sure.98.69 Extracellular fluid volume is usually nor- 
mal.9? Plasma renin activity,8:7? urinary aldosterone 
excretion,®:7° and indexes of sympathetic nervous 
system activity?! are also in the range usual for the 
normotensive population. 

The initial therapy of choice for such patients is 
administration of a diuretic drug to lower peripheral 
resistance (Table II). Many hypertensive patients 
will respond adequately to diuretic agents alone, in- 
cluding the majority of those with mild hyperten- 
sion. In patients whose blood pressure has not been 
well controlled, the continued administration of a di- 
uretic agent potentiates the action of other antihy- 
pertensive drugs by preventing the retention of sodi- 
um and expansion of plasma volume that accom- 
panies long-term therapy with most of them.18.20. 
34.54 However, plasma renin activity and cardiac 
output are likely to be higher during diuretic therapy 
than before. Thus, a logical second drug is propran- 
olol, which has an antihypertensive effect proportion- 
al to plasma renin activity?$ and which tends to de- 
crease cardiac output.?9.31 
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TABLE II 


Prospective Individualization of Pharmacotherapy of Primary Hypertension 


Pathophysiologic Characteristics 


Drug Sequence 


ror OP lien Ey hE SS Soe 


High total peripheral Diuretic 
resistance, chronic add* 
Propranolol 
add* 
Vasodilator 


Accelerated 


or Diuretic 
add* 
Reserpine or methyldopa 
add* 
Guanethidine 


Vasodilator + 


diuretic + propranolol 


Borderline 
High cardiac output 
add* 
Diuretic 
High plasma renin activity 
add* 
Diuretic 
add* 


Vasodilator 
Guanethidine + diuretic 


High sympathetic activity 
Suppressed plasma Diuretic 
renin activity add* 


Propranolol 
Propranolol 


Propranolol 


or Diuretic 
or Spironolactone, 
high dose 


Reserpine or methyldopa 





* Additional therapy if necessary. 


If the combination of a diuretic agent and pro- 
pranolol proves insufficient, the addition of a vasodi- 
lating drug will further lower peripheral resistance. 
The stage has been set for maximal usefulness of the 
vasodilator, since continued administration of the di- 
uretic drug and propranolol prevents the expansion 
of plasma volume and the increase in plasma renin 
activity which otherwise are inevitable consequences 
of vasodilator therapy in hypertensive patients 
and limit its effectiveness. Concurrent therapy with 
a diuretic agent, propranolol and a potent vaso- 
dilator is fully effective in even the most severe forms 
of hypertension and remarkably free from side ef- 
fects. 34.50.72 

An alternative approach is the addition to diuretic 
therapy of drugs such as reserpine, methyldopa 
or guanethidine, that decrease sympathetic stimula- 
tion of the heart and blood vessels (Table II). This ap- 
proach reduces arterial pressure in the upright posi- 
tion to satisfactory levels in most but not all pa- 
tients?4.50.72.73 in this group. However, in many pa- 
tients with moderate or severe hypertension, arterial 
pressure is not lowered adequately until guanethi- 
dine reduces sympathetic nervous system function 
far below normal. This unphysiologic situation leads 
to orthostatic hypotension and other distressing 
manifestations of sympathoplegia. In addition, con- 
trol of blood pressure fluctuates with posture and 
may be inadequate when the patient is supine. Fi- 
nally, in many patients with severe hypertension, 
guanethidine reduces arterial pressure primarily by 
reducing cardiac output,5!-5? another unphysiologic 
effect that inevitably decreases organ perfusion. 


The combination of a diuretic drug, propranolol 
and a vasodilator is clearly more physiologic in all 
degrees of hypertension and more predictably effec- 
tive in severe hypertension?*.59.72? than the combina- 
tion of a diuretic agent and sympathoplegics. It also 
appears to be freer from side effects and therefore 
conducive to greater patient compliance.?^ Con- 
trolled studies comparing the long-term benefits and 
acceptance of the two approaches to chronic hyper- 
tension with elevated peripheral vascular resistance 
are now in progress. 

In some patients with chronic hypertension and 
cardiomegaly, cardiac output falls below normal.$7 
In such subjects propranolol, reserpine and guanethi- 
dine must be used with caution because sympathetic 
stimulation of the myocardium may be essential for 
cardiac compensation.>> However, precipitation or 
aggravation of congestive heart failure is rare, pre- 
sumably because the hypotensive effect reduces car- 
diac work. 


Accelerated Hypertension 


Accelerated or malignant hypertension is charac- 
terized by marked progressive increases in total pe- 
ripheral resistance and requires rapidly effective 
therapy. Blood pressure can always be lowered im- 
mediately by intravenous administration of a power- 
ful vasodilator such as diazoxide or nitroprusside.*?: 
74 However, if such drugs are used alone, their effec- 
tiveness decreases quickly.74 The addition of a di- 
uretic agent is essential to prevent sodium and water 
retention, expansion of plasma volume, and develop- 
ment of tolerance to the antihypertensive action of 
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the vasodilator. Furosemide or ethacrynic acid rather 
than less natriuretic drugs may be required, particu- 
larly when renal function is impaired. While re- 
ceiving the diuretic and vasodilating agents, the 
patient is likely to have increased sympathetic ner- 
vous system activity, heart rate and cardiac output 
and more severe hyperreninemia than before treat- 
ment. The addition of propranolol to therapy cor- 
rects these abnormalities and permits reduction in 
the dosage of the vasodilator.59.74 


Essential Hypertension with High Cardiac Output 


The hyperpiesis of some patients with primary hy- 
pertension is primarily or entirely due to an abnor- 
mally elevated cardiac output.75-73 Their total pe- 
ripheral resistance is in the normal range, although 
excessive for their cardiac output.97.77.79.80 Heart 
rate and oxygen consumption tend to be elevated,9*: 
79.80 and plasma volume is often less than normal.7?: 
80 Some of these patients have markedly increased 
stroke volumes and left ventricular ejection rates 
leading to disproportionately greater elevations in 
systolic than in diastolic pressure.77.7$ Hypertension 
in association with high cardiac output has been 
found most often in patients in the early stages of 
essential hypertension.79.76.78,80 

Patients with essential hypertension and high car- 
diac output clearly overlap with those who have high 
plasma renin activity or excessive sympathetic ner- 
vous system function. A positive relation has been 
shown between high cardiac output and hyperreni- 
nemia in patients with essential hypertension.75.81 
Increased sympathetic stimulation of the heart could 
account for most hemodynamic features of essential 
hypertension associated with high cardiac output. 
Some physiologic evidence does suggest that sympa- 
thetic nervous system activity is high in patients 
with mild hypertension and increased cardiac out- 
put. 77.82 

The most logical therapeutic approach to essential 
hypertension with high cardiac output is the admin- 
istration of propranolol (Table II). This drug can de- 
press cardiac output in such patients to normal and 
correct any excess plasma renin activity. If, because 
of compensatory increases in peripheral resistance,?2: 
76 propranolol does not restore normotension, addi- 
tion of a diuretic drug is advisable. It is possible that 
early treatment of these patients would prevent their 
probable progression to the increased peripheral re- 
sistance characteristic of the usual patient with 
chronic essential hypertension.78.79.83 


Borderline Hypertension 


It is commonly believed that patients in the early 
stages of hypertension are characterized by unusual 
lability of blood pressure, but no convincing evidence 
for this has been presented. Continuous or frequent 
recording of arterial pressure has shown its great 
variability in any ambulatory subject.76.84 Frankly 
hypertensive levels are reached by normal persons on 
repeated occasions during each day. Conversely, the 
arterial pressure of patients with chronic hyperten- 


sion often returns to levels universally accepted as 
normotensive. All hypertensive patients have labile 
blood pressure, and no significant differences have 
been demonstrated among those with mild, moder- 
ate or severe hypertension in the extent of fluctua- 
tion around the daily mean blood pressure.®9 

Patients tend to be placed in the category of “‘la- 
bile hypertension" if they are repeatedly observed to 
be normotensive. The categorizing of patients into 
those with “labile” and "fixed" hypertension then 
depends on how often and under what circumstances 
the blood pressure is measured. Patients labeled as 
“labile hypertensives” simply represent the mildest 
degrees of hypertension or borderline blood pressure 
elevation?7?.8? and are therefore found most frequent- 
ly in the normotensive range. 

Borderline hypertension commonly advances to 
more marked elevation of blood pressure,7® and early 
treatment may prevent this progression. Since many 
patients with borderline hypertension have a high 
resting cardiac output and plasma renin activity,97: 
73718,80 they should respond well to propranolol ther- 
apy. Those whose major hemodynamic abnormality 
is excessive peripheral vascular resistance are most 
logically treated with a diuretic drug (Table II). 


Essential Hypertension with High Plasma Renin 
Activity 

Some patients with chronic essential hypertension 
show abnormally high plasma renin activity, as 
judged by relating this variable to the concurrently 
determined daily urinary sodium excretion.? Of 219 
patients with essential hypertension, 36 (16.5 per- 
cent) could be classified as having high renin hyper- 
tension. High plasma renin activity is the rule in 
accelerated hypertension.5.55 In a recent study, 
treatment with beta adrenergic blocking doses of 
propranolol in patients with high renin hypertension 
caused a mean fall of 80 percent in plasma renin ac- 
tivity.?5 This was associated with a sustained reduc- 
tion in diastolic pressure averaging 30 mm Hg, and 
there was a direct relation between decreases in plas- 
ma renin activity and in diastolic pressure.28 

These findings suggest that propranolol is the ini- 
tial drug of choice in patients with high renin essen- 
tial hypertension, and that for some of them it is the 
only therapy required (Table II). Its action is cer- 
tainly more specific than that of the diuretic agents, 
since these drugs might cause further rises in plasma 
renin activity,!13 and because the plasma volume of 
such patients already tends to be low.69-81 However, 
if propranolol alone did not achieve adequate blood 
pressure control, it would be logical to add a diuretic 
agent and a vasodilator in that order. 


Essential Hypertension with High Sympathetic 
Nervous System Activity 


Evidence is increasing that excessive sympathetic 
stimulation of the cardiovascular system plays an 
important role in the development and maintenance 
of elevated arterial pressure in some patients with 
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essential hypertension.71.86-58 Quantitation of the 
contribution of sympathetic stimulation to hyperten- 
sion poses formidable methodologic problems. Uri- 
nary excretion of norepinephrine and its metabolites 
is an index far removed from the degree of activation 
of cardiovascular adrenergic receptors.57 Plasma 
concentrations of norepinephrine have only recently 
become measurable with sufficient sensitivity and 
specificity.89 The problem is compounded by the 
consideration that normal sympathetic nervous sys- 
tem activity and release of norepinephrine in hyper- 
tension may cause excessive stimulation of the vas- 
culature, because hypertensive vessels may respond 
to norepinephrine with an exaggerated increase in 
resistance.12-86.90 Physiologic studies of cardiovascu- 
lar reflex responses to the Valsava maneuver of tilt- 
ing measure reactivity but not necessarily the sus- 
tained activity of the sympathetic nervous system. 
Finally, it is even difficult to define what constitutes 
normal sympathetic nervous system activity in hy- 
pertension. Since elevation of arterial pressure nor- 
mally causes reflex withdrawal of sympathetic tone, 
the sympathetic function of hypertensive patients 
can be considered excessive when it is in the range 
found in normotensive subjects.?! 

Recent studies of plasma norepinephrine concen- 
trations suggest that activity of the sympathetic ner- 
vous system in the average patient with essential hy- 
pertension is greater than in the normotensive 
subject and is clearly above the normal range in 
some hypertensive patients.55.59.91 Plasma norepi- 
nephrine concentration correlated with the simulta- 
neous arterial pressure, and the pretreatment level of 
norepinephrine correlated well with the decreases in 
norepinephrine concentration and in arterial pres- 
sure during ganglion blockade.55 It seems likely that 
the same would hold for long-term therapy with 
guanethidine. 

Hypertensive patients in whom increased activity 
of the sympathetic nervous system is strongly sug- 
gested by elevated serum norepinephrine levels or by 
a marked hypotensive response to trimethaphan in 
the supine position are candidates for initial therapy 
with guanethidine or other drugs that decrease sym- 
pathetic stimulation (Table II). In such patients 
arterial pressure may be reducible to normal by doses 
of these drugs that do not lower sympathetic stimula- 
tion of the cardiovascular system below normal and 
therefore need not cause the adverse manifestation of 
sympathetic deficiency. However, sympatholytic 
drugs should be combined with a diuretic agent to 
prevent expansion of plasma volume.17-19.54,69.92 


Essential Hypertension with Suppressed Plasma 
Renin Activity 


A sizable group of patients with apparent essential 
hypertension are characterized by suppressed plasma 
renin activity and normal secretion of aldosterone 
and other known mineralocorticoids.79.93-96 Hypo- 
reninemic hypertensive patients constitute 20 to 
30 percent of patients with essential hypertension, ??: 


94-96 and may be at lower risk of heart attack and 
stroke than other patients with essential hyperten- 
sion.7° Evidence is growing that these patients are 
hypertensive because of overproduction or overaction 
of a mineralocorticoid.93.97.98 

This group of patients appears to differ from the 
group with essential hypertension and normal plas- 
ma renin activity by their excellent hypotensive re- 
sponse to high doses of spironolactone.95.97.99 Daily 
administration of 200 to 400 mg of spironolactone pro- 
duces significant weight loss and can normalize 
blood pressure in hypertensive patients with sup- 
pressed plasma renin activity.95.97.99 These effects 
are far greater than the antihypertensive action of 
conventional doses of spironolactone and other di- 
uretic agents in the usual patient with essential hy- 
pertension. 

It has been suggested that the unusual effective- 
ness of high doses of spironolactone in hypertensive 
patients with suppressed plasma renin activity is re- 
lated to their ability to antagonize excess mineralo- 
corticoid activity.’ It seems likely, however, that 
the action of spironolactone is less specific. Hyper- 
tensive patients with suppressed plasma renin activi- 
ty characteristically have increased exchangeable so- 
dium?? and expanded plasma volume.95:96 If the ex- 
pansion of plasma volume is the prime factor respon- 
sible for hypertension in these patients, the favorable 
response to high doses of spironolactone may simply 
reflect their strong diuretic effect. This view is sup- 
ported by the finding that both spironolactone and 
hydrochlorothiazide reduce blood pressure most ef- 
fectively in hypertensive patients whose plasma 
renin activity is low.109 

Administration of high doses of spironolactone 
may be the treatment of choice for some hyperten- 
sive subjects with suppressed plasma renin activity 
(Table II). However, spironolactone is not a cheap 
drug and long-term administration of large doses is 
often associated with unacceptable side effects.99.99. 
101 Some hyporeninemic patients may be better 
treated with more conventional doses of any diuretic 
agent combined, when needed, with other antihyper- 
tensive drugs. Propranolol is likely to be effective 
only if the patient's plasma renin activity has been 
raised by the diuretic therapy.?® 


Systolic Hypertension 


Antihypertensive therapy is almost always dis- 
cussed in terms of the diastolic pressure. The present 
therapeutic posture toward elevated systolic pressure 
is one of benign neglect. This attitude seems to arise 
from the following three widely held misconceptions: 
(1) excessive total peripheral resistance, the major 
hemodynamic abnormality in established essential 
hypertension, is reflected by elevated diastolic pres- 
sure, whereas systolic pressure is determined by 
stroke volume and elasticity of the large arteries; (2) 
diastolic pressure correlates better than systolic with 
the pathologic consequences of elevated arterial 
pressure; and (3) systolic hypertension cannot be ef- 
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FIGURE 1. Influence of age on pressure-volume relation of 
human aortas obtained at autopsy (age in years indicated on 
each curve). 


fectively reduced by pharmacotherapy. Every one of 
these concepts is demonstrably false. 


Hemodynamics 


The common belief that increases in peripheral 
vascular resistance primarily elevate diastolic pres- 
sure, whereas the rise in systolic pressure is a ‘“‘sec- 
ondary phenomenon” is conceptual nonsense. Cardi- 
ac output and peripheral resistance determine the 
level of mean arterial pressure, which is approxi- 
mately equal to diastolic pressure plus one third of 
the pulse pressure: P4 = Pp + 13 (Ps — Pp). The 
pulse pressure is a function of stroke volume and of 
arterial capacitance, with left ventricular ejection 
rate playing a minor role. Stroke volume is almost 
never increased in chronic essential hypertension, al- 
though it may be elevated in high cardiac output 
states, during bradycardia, and with aortic regurgi- 
tation. Arterial capacitance is defined as the slope 
(dV/dP) of the curve relating volume to pressure in 
the large arteries. In normal young persons this curve 
is linear over the range of pressures from 60 to 170 
mm Hg!?? (Fig. 1). In such persons any rise in total 
peripheral resistance increases diastolic, systolic and 
mean arterial pressure by the same amount. Any in- 
crease in cardiac output due solely to a faster heart 
rate does the same. When cardiac output rises be- 
cause of a greater stroke volume, there is a greater 
increase in systolic pressure than in diastolic pres- 
sure, so that both mean arterial pressure and pulse 
pressure increase. When stroke volume increases 
without an increase in cardiac output, the pulse 
pressure widens because of a decrease in diastolic 


and an increase in systolic pressure, and there is no 
change in mean arterial pressure. 

Chronic essential hypertension usually occurs in 
persons over age 24 whose large vessels have lost 
some of their elasticity. With advancing age, the ar- 
terial pressure-volume curve is displaced downward, 
and the slope of the curve (arterial capacitance) di- 
minishes with increasing pressure!?? (Fig. 1). Hyper- 
tension itself probably accelerates this change.193 
When the heart rate, cardiac output and total pe- 
ripheral resistance of such persons are in the normal 
range, their mean arterial pressure is normal, but 
their pulse pressure is widened because diastolic 
pressure is lower and systolic pressure higher than in 
normal subjects. Any rise in mean arterial pressure is 
accompanied by a further increase in pulse pressure. 
Regardless of whether mean arterial pressure is in- 
creased by raising cardiac output or total peripheral 
resistance, systolic pressure will increase more than 
diastolic pressure. Almost all hypertensive patients 
show this pattern, but in occasional patients below 
the age of 30, pulse pressure may not widen until 
mean arterial pressure exceeds 130 mm Hg. 

It is apparent that increases in total peripheral re- 
sistance are never primarily reflected by increases in 
diastolic pressure. Systolic pressure always increases 
at least by the same amount, and in the great major- 
ity of hypertensive patients the increase in systolic 
pressure is greater than the rise in diastolic pressure. 
Measurements of systolic and diastolic pressure in 
hypertensive patients allow no inferences concerning 
the relative abnormality of cardiac output and total 
peripheral resistance. It also follows that the total 
peripheral resistance of a patient with systolic hyper- 
tension whose heart rate and cardiac output are in 
the normal range cannot possibly be normal when 
his diastolic pressure is. When systolic hypertension 
is due solely to loss of arterial elasticity, it is accom- 
panied by diastolic hypotension. 

A useful classification of hypertensive patients in 
terms of the relation of their systolic and diastolic 
pressures is illustrated in Figure 2. Pressures of almost 
all hypertensive subjects fall above the line Ps = Pp 
* 40, indicating the usual greater elevation of systol- 
ic than of diastolic pressure. Elevated systolic pres- 
sure greater than 2 X (Pp — 15) may be arbitrarily 
described as disproportionate. Those hypertensive 
subjects whose systolic pressure exceeds 150 mm Hg 
while their diastolic pressure is below 90 mm Hg 
have isolated systolic hypertension. 


Morbidity 

It is widely believed that diastolic pressure consti- 
tutes the important risk factor in hypertension and 
that systolic hypertension is relatively innocuous. 
Since systolic and diastolic pressure are highly corre- 
lated, determination of the increased risk of cardio- 
vascular disease which they contribute individually 
requires careful analysis. Nevertheless, the Build and 
Blood Pressure Study!?* clearly showed that the 
level of systolic blood pressure is at least as impor- 
tant a risk factor as that of diastolic pressure. Sys- 
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tolic pressures of 138 to 157 mm Hg, generally con- 
sidered “‘borderline” systolic hypertension, in combi- 
nation with “normal” diastolic pressures up to 87 
mm Hg were associated with an actual mortality 36 
to 85 percent higher than the expected rate. In con- 
trast, “borderline” diastolic pressures of 88 to 92 mm 
Hg associated with “normal” systolic pressures up to 
137 mm Hg showed an excess mortality of only 9 to 
37 percent. At any level of diastolic pressure, mortal- 
ity increased progressively with each increment in 
systolic pressure. These increases were apparent in 
all decades of adult life in both men and women, and 
resulted from excess cerebrovascular and coronary 
artery disease and from congestive heart failure.1°° 

The findings of the Framingham study have reem- 
phasized the importance of systolic blood pressure as 
a risk factor in stroke,1°® coronary heart disease!07 
and congestive heart failure.!9$ Hypertension was 
the most common and potent precursor of ather- 
othrombotic brain infarction.199 The probability of 
occurrence of a thrombotic stroke was predicted as 
well from systolic pressure alone as from diastolic or 
mean arterial pressure.1°6 Both systolic and diastolic 
pressure elevations were associated with increasing 
risk of subsequent eoronary heart disease, and no 
critical level was apparent for either.1°7 Discrimi- 
nant analysis showed a stronger association of systol- 
ic than diastolic pressure with the risk of coronary 
heart disease.197 Hypertension was found to be the 
dominant etiologic precursor of congestive heart fail- 
ure in patients between the ages of 30 to 62 years, 
and systolic pressure alone predicted the develop- 
ment of congestive heart failure as well as diastolic 
pressure or diastolic and systolic pressure togeth- 
er.108 Heart weight and left ventricular thickness 
correlated better with systolic than with diastolic 
pressure.108 

Systolic pressure is also an important factor for 
the prediction of death from renal failure, and kid- 
ney weight in hypertensive patients shows a closer 
inverse relation with the systolic than with the mean 
blood pressure.1°9 Finally, a recent prospective study 
of an elderly population showed isolated systolic hy- 
pertension (Ps >160, Pp <90) to be associated with 
a significantly increased risk of morbidity and mor- 
tality from coronary heart disease and cerebrovascu- 
lar accidents.11° 

It is possible that disproportionate or isolated sys- 
tolic hypertension merely reflects the degree of ath- 
erosclerotic change in the large arteries. In this view 
systolic hypertension becomes an index of vascular 
deterioration, whereas the pathogenetic potential 
resides with diastolic hypertension. Three decades 
ago it was widely held that all hypertension repre- 
sented a consequence rather than a cause of arterial 
disease. To portray elevation of systolic pressure as 
merely a reflection of vascular degeneration is un- 
comfortably reminiscent of this view. Whatever the 
mechanisms by which elevated blood pressure dam- 
ages large and small arteries, there is no apparent 
reason why they should apply more to diastolic than 
to systolic hypertension. As for the development of 
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left ventricular hypertrophy and congestive heart 
failure, one would expect systolic blood pressure, the 
primary determinant of left ventricular afterload, to 
be a more important causal factor than diastolic 
pressure. Similarly, one might expect the occurrence 
of intracerebral and subarachnoid hemorrhage and of 
dissecting aortic aneurysm to correlate best with the 
peak pressure during each cardiac cycle. 

Certainly, it is no longer reasonable to accept the 
notion that systolic hypertension should be thera- 
peutically ignored. Isolated or greatly disproportion- 
ate elevation of systolic blood pressure merits atten- 
tion and pharmacologic attempts to lower it toward 
normal. 


Therapy 


Most systolic hypertension occurs in conjunction 
with diastolic hypertension, and drug treatment of 
the latter also reduces systolic pressure. In fact, it 
could be argued that the beneficial effects of phar- 
macologic reduction of blood pressure, although gen- 
erally couched in terms of diastolic pressure, might 
just as well reflect the value of reduction of systolic 
pressure. Actually, they are probably due to reduc- 
tion of arterial pressure throughout the cardiac cycle. 

In almost all patients with combined diastolic and 
systolic hypertension, antihypertensive drug therapy 
reduces the systolic blood pressure more than the di- 
astolic. The reason for this lies in the same factor re- 
sponsible for the greater elevation of systolic com- 
pared to diastolic pressure in most hypertensive 
subjects, the decrease in their arterial capacitance 
with increasing pressure. The greater the excess of 
systolic over diastolic pressure elevation before ther- 
apy, the more reduction of systolic pressure exceeds 
that of diastolic pressure during therapy (Fig. 3). 
Accordingly, in most hypertensive patients pharma- 
cologic reduction of the diastolic pressure to approxi- 
mately 90 mm Hg will also reduce the systolic pres- 
sure to less than 150 mm Hg. 

This is not true of patients with isolated or greatly 
disproportionate systolic hypertension due to loss of 
arterial capacitance. If one is satisfied with a diastol- 
ic pressure of 90 mm Hg, no treatment will be given 
to patients with isolated systolic hypertension. In 
patients with greatly disproportionate systolic hyper- 
tension, systolic pressure will remain well in the hy- 


pertensive range when diastolic pressure has been re- 
duced to 90 mm Hg. Again it must be emphasized 
that the total peripheral resistance remains about 30 
percent above normal in a hypertensive patient who 
has normal cardiac output and heart rate and whose 
arterial pressure has been reduced to 180/90 mm Hg. 
Normal total peripheral resistance is achieved only 
when mean arterial pressure is reduced to normal, 
and in a patient with decreased arterial capacitance 
this requires reduction of diastolic pressure to less 
than 80 mm Hg. 

Theoretically, drug treatment of all hypertensive 
patients whose cardiac output and stroke volume are 
within the normal range might aim at approaching 
normality of total peripheral resistance and mean ar- 
terial pressure. However, it is not yet clear how well 
subnormal diastolic pressures are tolerated by per- 
sons with atherosclerotic vascular disease. Decreased 
perfusion of brain, heart or kidneys could impose 
limits on the pursuit of normal total peripheral resis- 
tance and mean arterial pressure in such patients. At 
this time we lack information about the feasibility 
and value of normalizing with drugs mean arterial 
pressure and peripheral vascular resistance of pa- 
tients with wide pulse pressures due to decreased ar- 
terial capacitance. Carefully controlled studies of the 
safety and effectiveness of this therapeutic approach 
to disproportionate or isolated systolic hypertension 
are needed. 

Such studies will also establish whether any phar- 
macologic agent offers special advantages for the 
treatment of disproportionate systolic hypertension. 
A comparison of 36 reported series of patients treat- 
ed with different antihypertensive drugs shows that 
there are no major differences between diuretic 
drugs, propranolol, vasodilators and sympathoplegic 
agents in their relative effects on elevated systolic 
and diastolic pressures. In the usual hypertensive pa- 
tient, the long-term administration of these drugs re- 
duces systolic pressure more than diastolic, but each 
agent appears to do so to the same extent. This is 
not surprising, since they all reduce either total pe- 
ripheral resistance or cardiac output and heart rate, 
and rarely cause major changes in stroke volume. 
Only vasodilators used alone increase stroke volume 
significantly and reduce the systolic pressure of some 
patients less than they reduce the diastolic pressure. 
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The antihypertensive effect of propranolol was evaluated in 96 
patients with various forms of hypertension preclassified according 
to plasma renin activity considered in relation to urinary sodium 
excretion. 

In essential hypertension (no = 74) 74 percent of high-renin 
patients (14 of 19) exhibited striking blood pressure reductions and 
66 percent of normal-renin patients (25 of 38) achieved diastolic pres- 
sures less than or equal to 95 mm Hg. In sharp contrast, propranolol 
was completely ineffective in 17 low-renin patients. 

In all 11 patients with unilateral renal artery or parenchymal disease 
propranolol also lowered blood pressure in proportion to control renin 
levels. The response was predictive of the antihypertensive benefit 
of surgery even in six “normal” renin patients. 

In eight patients with high-renin malignant hypertension, propran- 
olol normalized renin, aldosterone and potassium levels and produced 
dramatic though often incomplete blood pressure correction. In one 
low-renin patient with the malignant syndrone propranolol was inef- 
fective. 

Regardless of etiology, antihypertensive effectiveness of pro- 
pranolol correlated with control renin levels and with the decrement 
in renin secretion. Thus, a simple biochemical measurement indexed 
against sodium excretion predicted antihypertensive drug responsive- 
ness. 

These observations expose, for the first time, a role for renin in a 
major fraction of patients with essential hypertension. Renin- 
induced vasoconstriction appears to cause the hypertension in high 
renin and also in some normal renin patients in whom renin may be 
inappropriately high for sodium balance. 

The antihypertensive action of propranolol strikes at both 
vasoconstrictor and volume components of hypertension since inhi- 
bition of renin secretion naturally retards aldosterone secretion, 
thus preventing compensatory salt and water retention which often 
vitiates hypotensive therapy. Accordingly, propranolol added to 
either vasodilator or diuretic agents ought to improve hypotensive 
effect by curtailing reactive increases in renin and aldosterone: this 
should also reduce diuretic-induced potassium loss. 

Propranolol given alone may prove effective in a sizeable 
fraction of all hypertensive disorders and without inducing the de- 
hydrated hyperreninemic state caused by diuretics. Therefore pro- 
pranolol may prove to be an alternate first approach, except in low- 
renin hypertensions where this type of therapy is ineffective and 
contraindicated. 


Antihypertensive drug therapy has generally been applied empirical- 
ly, based on the blood pressure response to a series of agents used 
alone or in combination, a pragmatic approach that has evolved be- 
cause of the inability to identify causal mechanisms or specific ab- 
normalities in the large majority of hypertensive patients. 

However, over the past 12 years, derangements in the renin-angio- 
tensin-aldosterone system have been identified which appear to be 
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involved in the pathogenesis of the relatively uncom- 
mon syndromes of malignant hypertension, renal and 
renovascular hypertension, primary aldosteronism 
and oral contraceptive hypertension.! More recently, 
using a physiologic characterization of plasma renin 
activity and of aldosterone excretion as they interact 
with daily sodium excretion in normal subjects, it has 
also been possible to classify patients with more com- 
mon forms of so-called essential hypertension into 
three major subgroups of patients with low, normal or 
high plasma renin activity.2.2 

Such a classification of hypertensive patients 
might permit better understanding of the circum- 
stances under which an antihypertensive drug will be 
effective or ineffective. Thus, a drug response shown 
to be related to the hormonal setting might clarify a 
well recognized clinical puzzle in which certain pa- 
tients, for no apparent reason, consistently exhibit 
wide differences in their responsiveness to different 
types of drugs. More specifically, since certain anti- 
hypertensive drugs are known to have different ef- 
fects on renin secretion, the question may be asked 
whether the antihypertensive action of a particular 
drug is related to its pharmacologic effect on renin 
secretion. 

To this end we have reevaluated the antihyperten- 
sive effectiveness of propranolol. We chose this drug 
because in isolated reports it had been noted to in- 
hibit renal renin secretion in man*-> perhaps by 
modulation of beta adrenergic pathways. Notwith- 
standing this, in most clinical studies an observed 
variable and unpredictable antihypertensive action 
of propranolol has usually been attributed to its de- 
pressant effects on cardiac contractility and rate re- 
sulting in a lower cardiac output.9-? Indeed, hemo- 
dynamic studies of its action have described a seem- 
ing paradox in which the drug lowered blood pres- 
sure while it increased peripheral resistance.1° The 
antihypertensive effectiveness of propranolol was 
also related to the pretreatment cardiac index,11-12 
although this impression has been questioned.13.14 In 
only one report has its effectiveness been related to a 
fall in peripheral resistance.14 

In the present study, propranolol was administered 
to 96 patients with various hypertensive disorders 
who exhibited a spectrum cf abnormalities in plasma 
renin activity. The results indicate that the antihy- 
pertensive effect of propranolol is closely linked to its 
action of reducing renin and aldosterone secretion. 
Thus, the compound was most effective in high renin 
forms of malignant, renal, renovascular and essential 
hypertension. It was less consistently effective in 
normal forms and uniformly ineffective in low renin 
hypertension. Altogether the data indicate that the 
antihypertensive action of propranolol involves a re- 
duction in renin-induced vasoconstriction since its 
effectiveness was closely related to both the control 
level of plasma renin activity and to the degree of 
renal suppression produced. 

These findings expose a role for renin in the patho- 
genesis of a sizeable fraction of hypertensive disease. 


For the first time they provide a biochemical basis 
for defining and anticipating the effectiveness of an 
antihypertensive agent. These observations could 
open the way to simpler and more specific antihy- 
pertensive therapy. to specifically rebuff hormonally 
indicated abnormalities. 

This study was presented in preliminary form,!5 
and our experience with the first 39 of the 96 pa- 
tients included in the present report has been pub- 
lished.!6 


Methods 


Patients and study plans: Ninety-six hypertensive pa- 
tients were studied either as outpatients in the Hyperten- 
sion Center or as hospital patients in the Metabolism Unit 
or Intensive Care Unit of the Columbia Presbyterian Med- 
ical Center. All patients had diastolic pressure of 100 mm 
Hg or higher on at least three occasions. Antihypertensive 
medication, including diuretic drugs. had been withheld 
for 4 to 6 weeks prior to study except in two patients who 
presented with malignant hypertension. 

Seventy-four patients had essential hypertension as 
documented by a routine workup that included a rapid se- 
quence pyelogram and, in 57 cases, renal arteriography; 
of these patients 19 were studied in the Metabolism Unit 
and the remaining 55 as outpatients. Balance studies were 
performed utilizing a constant diet of known sodium, po- 
tassium and caloric content. Control periods of 5 to 7 days 
were followed by 5 to 7 days of oral administration of pro- 
pranolol in four divided doses ranging from 80 to 540 mg. 
After a test dose of 20 mg, propranolo! was rapidly adjust- 
ed to daily amounts of 2 to 5 mg/kg body weight. These 
doses have been shown to achieve beta receptor block- 
ade.17 

Plasma renin activity, plasma aldosterone, urinary al- 
dosterone excretion, blood pressures and urinary electro- 
lyte excretion rates were measured on the last day of the 
control and treatment periods. In outpatients, after profil- 
ing of the renin-aldosterone-sodium system and after at 
least three office blood pressure recordings, propranolol 
was given in similar initial doses and adjusted during the 
first 3 to 6 weeks of treatment. The administration of pro- 
pranolol alone was continued for 6 weeks to 2 years, after 
which renin and aldosterone studies were repeated in 42 
patients. 

In another 11 patients either renal artery disease (no. — 
7) or unilateral parenchymal disease (no. = 4) was docu- 
mented by both pyelogram and renal arteriography. In ad- 
dition to the renin-aldosterone-sodium profile, renal vein 
renin studies were performed to assess differential renal 
renin contribution. Clinical data, dosages and duration of 
propranolol therapy are summarized in Table I. Blood 
pressure, renin and aldosterone measurements were re- 
peated during drug therapy and again at least 6 months 
after surgical revascularization or nephrectomy. Success 
of the vascular surgery was documented by repeat rapid 
sequence pyelography and, in two patients, by renal arte- 
riography. 

Nine patients were hospitalized with the syndrome of 
malignant hypertension as defined by high diastolic hy- 
pertension and grade IV retinopathy. Encephalopathy was 
present in five, and impaired renal function in seven. As- 
sociated diagnoses were essential hypertension, obstruc- 
tive uropathy and scleroderma (Table II). Seven patients 
had not been treated previously, but two patients with 
scleroderma had received alpha-methyldopa and a diuret- 
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Effects of Propranolol and Corrective Surgery in Renovascular and Renal Hypertension 


jo Sn eS SS CUERO E 


Operation, Blood 
Case Age (yr), Follow-Up pressure 
no. Diagnosis Race & Sex (mo) (mm Hg) 


1 RAD 41WF 180/120 
120/80 


130/80 


160/115 
140/90 
130/80 
150/120 
130/85 
125/80 


150/110 
130/90 
140/90 
175/120 
160/110 
125/85 


200/110 
140/90 
150/90 
180/120 
160/100 
160/105 


200/120 
190/100 
200/100 


190/110 
150/80 
150/100 


210/120 
185/110 
180/110 


160/110 
170/105 
170/110 


RV 11 
2 RAD 8WM 


NE 12 
3 URD 8WF 


NE 7 


4 URD 14WM 


NE 9 


5 RAD 24WF 


RV 12 


6 RAD 52WM 


NE 6 


7 RAD 45WM 


RV 10 


8 RAD 58WM 


RV 6 


9 RAD 53WF 


NE 6 


10 RAD 72WF 


NE 8 
11 URD 


NE 7 


ees EET Aldo Serum 
Dose (ng/ml per UNaV Excr Potassium 
(mg/kg) Days hour) (mEq/day)  (ug/day)  (mEq/liter) 
10.0 66 14 3.4 
2.4 30 2.6 146 17 4.0 
4.2 118 7.8 4.1 
CM 10.0 40 16 3.7 
6.0 180 31.8 73 16 4.4 
1.9 46 4.9 4.6 
E: 13.0 17 43 3.8 
3: 20 1.2 85 17 4.5 
2.9 13 13 4.1 
Ec. 7.6 94 24 3.9 
2.4 40 3.9 158 3.4 4.4 
2.4 231 12 4.1 
ks 106.0 109 45 8. 
3:5. 2 10.5 88 23 3.9 
2:5 48 4.5 4.0 
i.d 3.4 29 18 4.3 
3.0 45 Ms as 
2.0 166 9.8 4.4 
vis 2.2 80 19 3.9 
3.0 60 0.6 89 10 4.0 
1.4 150 15 4.2 
A 2.8 80 14 4.0 
2.8 60 1.5 22 4.0 
1.6 85 10 3.7 
I. 1.8 112 10 4.1 
3.2 60 0.7 101 28 4.7 
2.6 126 4.4 ies 
ak 8.6 13 27 4.2 
2.6 25 4.7 
4.3 25 8 4.5 
= 0.6 154 11 3.6 
3.0 105 0.2 149 11 4.0 
1.6 160 14 3 


IRE ec T DR oT a Lae a gh PE Ss ALIA. uM POR. Loos d'rb aA cei UT eeu E M re Me ÉL ee 
Aldo Excr — aldosterone excretion; NE — uninephrectomy; PRA — plasma renin activity; RAD — renal artery disease; RV — revascu- 
larization; UNaV — urinary sodium excretion; URD — unilateral renal parenchymal disease. 


ic agent before study. After a base-line evaluation and se- 
rial control blood pressure recordings for 4 to 24 hours, 
propranolol was given orally to all but one patient with a 
stroke in whom it was administered by use of a gastric 
tube. 

In addition, one patient with accelerated hypertension 
and progressive renal failure and another patient in whom 
severe hypertension developed as a result of renal artery 
stenosis of a kidney transplant are also included in this 
study. 

Evaluation of the renin-aldosterone system and blood 
pressure recording: Renin and aldosterone measure- 
ments in the hospitalized patients were obtained on the 
last day of the balance periods and were related to the 
concurrent 24 hour urinary sodium excretion. Plasma al- 
dosterone was measured from the same noon venous blood 
sample obtained for renin and electrolyte determinations. 
Similar outpatient procedures were employed as reported 
elsewhere?:16 in which measurements of plasma renin ac- 


tivity and aldosterone excretion rates were shown to par- 
allel those under rigid balance ward conditions. On the 
basis of nomograms? relating hormone levels to the daily 
rate of sodium excretion, patients were classified into 
high, normal or low renin categories. 

In hospitalized patients, blood pressures represent mean 
values of serial recordings. Blood pressures were taken 
both manually and with automatic serial blood pressure 
recorders (Physiometrics or Arteriosonde-Roche). Ambu- 
latory pretreatment blood pressures represent mean 
values of at least three recordings taken with the patient 
in the seated position at the end of the control period. 
Blood pressures during propranolol treatment are the 
mean of three readings, obtained with the patient seated, 
on the day of renin sampling. 

Analytical methods: Plasma renin activity was deter- 
mined by radioimmunoassay.!5 Plasma aldosterone was 
also measured by a radioimmunoassay procedure de- 
scribed in detail elsewhere,!? as were aldosterone excre- 
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tion rates.?? Balance ward procedures and techniques for 
measuring routine electrolytes have been reported pre- 
viously.?! Student's t test was used to analyze statistical 
significance of differences in paired and unpaired data. 
Results are reported as mean + standard error of the 
mean. 


Results 
Essential Hypertension 


Effects of propranolol on blood pressure: Based 
on the renin-sodium index derived from studies of 
normal subjects, 74 patients with essential hyperten- 


TABLE Il 
Propranolol Treatment of Malignant Hypertension 





A LOW RENIN (II) 
€ NORMAL RENIN (21) 
B HIGH RENN (IQ) 


FIGURE 1. Noon plasma renin activity in 
relation to the concurrent daily rate of sodi- 
um excretion in patients with essential hy- 
pertension before (left) and during treatment 
with propranolol (right). 


200 300 


sion were classified into groups with low (no. = 17), 
normal (no. = 38), and high renin activity (no. = 19) 
(Fig. 1, left panel). There were no significant differ- 
ences among these three groups in age (46, 44 and 45 
years, respectively), dosages (2.3, 2.1 and 2.4 mg/kg 
body weight) and duration (3.5, 5.0 and 4.9 months) 
of propranolol therapy. 

Individual changes in diastolic pressures are given 
in the top section of Figure 2. Patients with high 
renin activity uniformly exhibited excellent pressure 
response to therapy, with 74 percent of them showing 
a drop in diastolic pressure to 95 mm Hg or lower. 


a ee Á —  — ——— Á— —————————— 


Blood PRA 
Age (yr), Pressure (ng/ml UNaV 
Case no. Diagnosis Race & Sex (mm Hg) per hour) (mEq/day) 

1 EHT 47WF 240/140 9.6 80 
150/80 0.9 88 

2 EHT 52WF 240/130 41.0 50 
140/85 3.8 9 

3 EHT 46BM 215/145 7.4 110 
150/100 3.1 95 

4 EHT 55WM 195/120 11.0 Ses 
140/100 1.9 261 

5 EHT 32BF 270/170 14.0 80 
* 170/120 1.7 211 

6 EHT 48BM 230/170 56.0 Pis 
160/100 5.4 aa 

7 Scler 23WF 190/140 23.0 14 
160/110 7.0 29 

8 Scler 57WF 220/130 41.0 : 2 
160/100 3.3 "m 

9 OUP 74BM 210/140 1.3 89 
190/130 0.9 92 


* Plasma aldosterone (ng/100 ml). 


Aldo Serum Creatinine 
Excr Weight ^ Potassium BUN Clearance Propranolol 
(ug/day) (kg) — (mEg/liter) (mg/100 ml) (ml/min) — (mg/kg) 
13 59 3.4 16 90 ont 
9.4 60 4.1 15 90 4.0 
25 58 2.6 27 50 TS 
18 56 3.9 28 51 2.8 
86 2.9 37 52 x 
84 4.3 25 72 2.9 
Ce 84 31 39 47 an 
21 84 3.5 35 51 2.9 
32 52 2.9 27 47 re 
19 52 3.9 23 49 4.6 
72 3.3 111 19 sad 
arn 69 3.8 26 32 7.5 
44* 61 ae 54 21 DES 
14* 59 3.5 61 14 5.3 
54 3.8 126 8 Yd. 
52 5.1 75 7 3.0 
78 4.2 36 28 n 
77 4.5 36 24 6.1 


BUN = blood urea nitrogen; EHT = essential hypertension; OUP = obstructive uropathy; scler = scleroderma. Other abbreviations 


asin Table |. 


514 September 20, 1973 The American Journal of CARDIOLOGY Volume 32 


Good but less consistent decrements were observed in 
normal renin patients, with 66 percent of them attain- 
ing diastolic pressures of 95 mm Hg or lower. In the 
low renin patients, there was little or no change in 
diastolic pressure in response to propranolol. 

On the average, in the group with high renin ac- 
tivity diastolic pressures fell 32.19 + 2.01 mm Hg or 
from 122.90 + 2.66 to 90.79 + 2.33 (P <0.001). The 
normal renin group revealed a drop in pressures of 
18.82 + 1.17, or from 112.63 + 1.54 to 93.82 + 1.74 
(P <0.001). In contrast, in low renin patients pres- 
sure dropped, but not significantly, by 4.71 + 1.25, or 
from 119.71 + 2.52 to 115.00 + 2.91. Differences in 
mean decrements of diastolic pressures were all sig- 
nificant at the 1 percent level among the three 
groups. 

In the same comparison, when the normal renin 
patients with milder diastolic hypertension, that is, 
pressure less than 110 mm Hg were eliminated from 
the analysis, control pressure was no longer signifi- 
cantly different from that in the low renin group. 
The mean diastolic pressure fell from 115.69 + 1.60 
to 97.41 + 1.73 (P <0.001, no. = 29), reaching 95 
mm Hg or lower in 52 percent of them. Response was 
usually rapid, occurring within 4 to 48 hours, and 
the antihypertensive effect was usually well main- 
tained for up to 2 years. In a few patients in the nor- 
mal and high renin groups blood pressure fell more 
gradually, requiring several weeks for full effect, and 
in some several months were required to achieve an 
effect. 

Effects on plasma renin activity: In Figure 1 (right 
panel) the propranolol-induced suppression of plas- 
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FIGURE 2. Propranolol-induced changes in diastolic blood pres- 
sure in 74 patients. Absolute changes in diastolic pressure in 
each individual patient are depicted in the upper section. Other 
results are expressed as mean +SEM for the low, normal and 
high renin subgroups. In the lower section, the dotted bars rep- 
resent control blood pressures and the solid bars pressures 
after propranolol administration. 
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ma renin activity is shown in 42 patients. In no in- 
stance did renin activity increase during propranolol 
treatment, and the renin suppressive effect was well 
maintained for up to 2 years. The mean decrements 
in renin activity were 9.85 + 2.16 ng/ml per hour in 
the high renin group (no. = 10), 1.75 + 0.17 ng/ 
ml per hour in normal renin patients (no. = 21), and 
0.48 + 0.17 ng/ml per hour in the low renin group (no. 
= 11). There is a direct relation when changes in di- 
astolic pressure and absolute decrements in plasma 
renin activity are correlated (r = 0.61, no. = 42). 
Effects on aldosterone excretion: In nine pa- 
tients with normal renin essential hypertension, the 
simultaneous effects of propranolol on blood pres- 
sure, renin activity and aldosterone excretion, sodi- 
um balance and plasma potassium levels were fol- 
lowed under metabolic ward conditions (Fig. 3). 
When a normal sodium and potassium intake was 
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FIGURE 3. Effects of propranolol on sodium balance in nine pa- 
tients with normal renin essential hypertension studied under 
balance ward conditions and on a fixed sodium, potassium and 
caloric diet. Despite significant decrements in blood pressure, 
sodium balance remains unchanged probably consequent to the 
reduction in aldosterone secretion which follows the drug in- 
duced suppression of renin secretion. The dotted bars represent 
control values and the striped bars values after propranolol ad- 
ministration. 


September 20, 1973 The American Journal of CARDIOLOGY Volume 32 515 


ANTIHYPERTENSIVE ACTION OF PROPRANOLOL—BUHLER ET AL. 


A % PLASMA ALDOSTERONE 





4.0 EE EC EP ON, 
e A % PLASMA RENIN ACTIVITY 
e 
2.0 
e 
-1.0 -0.8 -0.6 -0.4 -0.29 0.2 0.4 06 0.8 10 12 14 
ah. feos ee SP Seat a IS a desc 
-A PLASMA K* 0.8 + A PLASMA Kt 
0.6 e e 
0.4 
e. 
0.2 * 
0. e e. 


FIGURE 4. Effects of propranolol-induced changes in plasma 
potassium concentration on the renin-aldosterone interaction. 
Absolute changes in plasma potassium are plotted against the 
ratio of the concurrent percent changes in plasma aldosterone 
to the percent decrements in plasma renin. An increasing plas- 
ma potassium is associated with relatively smaller falls in aldo- 
sterone as compared to renin, resulting in aldosterone to renin 
ratios of less than 1. 


maintained, propranolol did not cause sodium reten- 
tion as evidenced by the unchanged daily urinary so- 
dium excretion. This occurred despite a significant 
fall in diastolic pressure from 110.00 + 3.82 to 90.00 
+ 3.23 mm Hg. In association with a 66 percent de- 
pression of plasma renin from 3.82 + 0.62 to 1.28 + 
0.57 ng/ml per hour (P «0.001) aldosterone excre- 
tion rates were also significantly reduced by 28 per- 
cent from 12.86 + 2.13 to 9.13 + 2.02 ug/day (P 
<0.05). Thus, suppression of aldosterone secretion 
follows but is smaller in degree than that observed 
for plasma renin. These lesser changes were paral- 
leled by an increase in plasma potassium from 3.82 
+ 0.11 to 4.26 + 0.21 mEg/liter (P <0.05). 

This modulating effect of propranolol-induced 
changes in plasma potassium on the renin-aldoste- 
rone interaction is further evidenced by other studies 
in which plasma aldosterone was also measured (Fig. 
4). During propranolol administration plasma potas- 
sium levels increased in seven instances (+0.59 + 
0.15 mEq/liter), decreased in four (—0.38 + 0.18) and 
were unchanged in one. Under balance conditions 
with an increasing plasma potassium, the suppres- 
sion of plasma aldosterone was less relative to the re- 
duction of renin activity resulting in a ratio of less 
than 1; that is, the percent of decline in plasma al- 
dosterone was smaller than that of renin. 

In other studies of patients with normal renin es- 
sential hypertension, suppression of aldosterone ex- 
cretion rates was compared in one group treated for 
up to 2 months with another group treated for up to 
15 months (mean 8 months). On a similar dosage, 
long-term propranolol treatment resulted in further 
suppression of aldosterone excretion rates from 20.46 
+ 5.43 percent (no. = 11) to 40.11 + 5.56 percent 
(no. = 9) (P <0.05). Such a reduction in aldosterone 


secretion together with the well sustained suppres- 
sion of renin secretion may be an important factor 
determining the long-term antihypertensive effec- 
tiveness of propranolol. 


Renovascular and Renal Hypertension 


Comparison of blood pressure responses to pro- 
pranolol and corrective surgery: Clinical and bio- 
chemical data in eight patients with renal artery 
disease and in three with unilateral renal disease be- 
fore and during propranolol treatment, and after 
renovascular surgery (no. = 4) or uninephrectomy 
(no. = 7) are summarized in Table I. Propranolol 
was given in doses of 2 to 6 mg/kg (mean 3.2) for 2 
to 180 days (mean 57 days). The postoperative fol- 
low-up period ranged from 6 to 12 months (average 
8.5 months). 

Three patients with renal artery disease (Cases 1, 
2 and 5) and two with unilateral renal disease (Cases 
3 and 4) were classified as having high renin activity, 
and five patients with renal artery disease and one 
with unilateral renal disease had normal plasma 
renin activity. 

Propranolol treatment in all but one of the high 
renin patients, regardless of the morphologic diagno- 
sis, resulted in a marked reduction in both blood 
pressure and plasma renin activity. In the one excep- 
tion (Case 5) propranolol was administered for 48 
hours but it did not suppress renin to normal levels 
and induced little fall in pressure. Variable responses 
were observed in the five normal renin patients. 

Successful revascularization or nephrectomy nor- 


malized blood pressure in all five high renin patients 


whose contralateral kidney had been shown to be 
uninvolved (that is, no net renin secretion).22.23 
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DECREMENTS IN DIASTOLIC PRESSURE 
FOLLOWING SURGERY 


FIGURE 5. Response of diastolic blood pressures to preopera- 
tive propranolol treatment as compared to the benefits from 
corrective surgery in five patients with high (squares) and six 
with normal (circles) pretreatment plasma renin levels. 
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Among the normal renin patients one was cured, two 
showed improvement and two, as well as the patient 
with low renin, failed to benefit from surgery. 

In Figure 5 the preoperative propranolol-induced 
decrements in diastolic blood pressure are plotted 
against the pressure changes obtained after surgery. 
In general, pressure responses to propranolol corre- 
sponded well with the decrements after renal sur- 
gery. Pharmacologic renin suppression was inferior 
to surgery only in one patient (Case 5, Table I) in 
whom propranolol was perhaps not given long 
enough to normalize plasma renin. Conversely, in 
Case 9 (Table I) the effect of propranolol was superi- 
or to that of surgery. In this patient preoperative 
renal vein renin studies disclosed abnormal renin 
contribution from the contralateral kidney indicating 
bilateral renin-producing renal disease, which was 
not cured by unilateral corrective surgery but which 
responded to renin suppressive drug therapy. 


Malignant Phase Hypertension: Propranolol as an 
Emergency Treatment 


Therapy with propranolol alone was applied in 
nine consecutive patients with malignant phase hy- 
pertension of different origins (Table II). Control 
plasma renin activity values were high in eight pa- 
tients and low in one. 

In all high renin patients, a marked fall in pressure 
was observed within 2 to 8 hours after the first full 
dose. Dramatic normalization of blood pressure was 
achieved in one patient with normal and in another 
with slightly reduced renal function (Fig. 6). In both 
patients blood pressure has been maintained at 
160/90 mm Hg with 240 mg of propranolol alone ad- 
ministered daily in divided doses 6 and 12 months 
after the malignant hypertensive episode. In 
five other patients, after a marked initial pres- 
sure response to treatment of the malignant 
phase with propranolol, diastolic pressures leveled 
off (Table II), necessitating the addition of a vasodi- 
lator drug or a diuretic agent, or both. In the two pa- 
tients with sclerodermic renal disease, blood pres- 
sures also dropped markedly with propranolol thera- 
py but returned to normal only when terminal renal 
failure was treated with hemodialysis. 

In all high renin patients, plasma renin activity 
and aldosterone secretion returned to normal, result- 
ing in correction of attendant hypokalemia without 
potassium supplementation. Of special note is that 
there were only minor changes in weight and in no 
instance did congestive failure develop. In fact, in 
one patient (Case 8, Table II) pulmonary edema ac- 
tually cleared as pressure was lowered with propran- 
olol. Creatinine clearances improved in two patients 
and were unchanged in the remainder. 

In one previously untreated patient with papil- 
ledema and a diastolic pressure of 140 mm Hg (Case 
9, Table II), the plasma renin activity was low. Pro- 
pranolol, given in large doses, had little effect on the 
blood pressure and had to be discontinued because of 
incipient congestive heart failure. In this case, ob- 
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FIGURE 6. Propranolol treatment alone in one patient with ma- 
lignant hypertension resulting in normalization of blood pressure, 
plasma renin activity, plasma potassium levels and aldosterone 
excretion rates. These responses were well sustained over a 
period of 12 months on continuing propranolol therapy. The cor- 
rection of blood pressure occurred without any change in sodi- 
um balance. 


structive uropathy was diagnosed and surgical cor- 
rection resulted in diuresis and a dramatic drop in 
pressure. Thus, volume overload rather than renin 
excess appeared as an important factor in this pa- 
tient’s malignant syndrome. 


Propranolol Unresponsiveness 


Propranolol may be ineffective in two basically 
different hypertensive situations: (1) whenever plas- 
ma renin activity is low as indicated herein, or (2) 
when the renin suppressive effect of propranolol is 
not potent enough to normalize abnormal renin se- 
cretion. Occasionally propranolol did not normalize 
renin secretion or its renin suppressive influence was 
not sustained. This occurred in one of our patients 
with renovascular hypertension (Case 5, Table I) 
who had little response to propranolol but in whom 
both blood pressure and renin returned to normal 
levels after renovascular surgery. It is possible that 
larger doses of propranolol would have been effective 
or that faulty oral absorption could have been in- 
volved in this one patient. 

In another patient (not cited in tables) with a nor- 
mal functioning kidney transplant and normal renin 
activity, malignant phase hypertension suddenly de- 
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veloped with high renin secretion; this was attrib- 
uted to the development of severe renal artery steno- 
sis of the graft. The increase in plasma renin and 
blood pressure responded but little to large doses of 
propranolol; however, both returned to normal levels 
after revascularization. 

Transient suppression of renin and lowering of 
blood pressure to normal was observed in another 
patient (not cited in tables) with accelerated hyper- 
tension while renal function was still normal. With 
progression of renal failure, blood pressure became re- 
sistant to therapy with all drugs with the exception of 
sodium nitroprusside or diazoxide, intravenously ad- 
ministered. Dialysis ultrafiltration alone did not re- 
duce blood pressure in this high renin state; how- 
ever, pressure was clearly lowered when dialysis was 
combined with propranolol. After bilateral nephrec- 
tomy, blood pressure remained normal with dialysis 
alone. This experience indicates that extreme forms 
of renin-dependent hypertension can occur in which 
propranolol may not be sufficient to overcome abnor- 
mal renin secretion. 


Discussion 


In this study, the relation of propranolol-induced 
inhibition of renin secretion to its antihypertensive 
effect has been evaluated in various types of hyper- 
tensive patients who were classified with respect to 
their plasma renin activity into high, normal or low 
renin categories. The results indicate that, irrespec- 
tive of etiology, the antihypertensive action of pro- 
pranolol is related directly both to the preexisting 
level of plasma renin activity and to the extent to 
which the drug produced an absolute reduction in 
renin. 

Malignant hypertension: In all patients with ma- 
lignant hypertension and high renin activity pro- 
pranolol completely normalized the derangements in 
the renin and aldosterone secretion as well as in 
plasma potassium levels. These effects were accom- 
panied by a marked fall in blood pressure, usually 
within 4 to 24 hours, paralleled by dramatic im- 
provement in the clinical syndrome. The hypotensive 
response tended to be better when renal function was 
relatively unimpaired or when sodium intake was re- 
stricted. Blood pressure was normalized in two of 
eight patients by propranolol alone, whereas in the 
six others the addition of either a vasodilator or di- 
uretic was required. This suggests the operation of 
additional nonrenin vasoconstriction or volume re- 
tention in their malignant syndrome. Little or no an- 
tihypertensive response was observed in the single 
patient who had a low renin level before treatment. 
Volume expansion may have been a dominant factor 
in this patient as evidenced by the lowering of pres- 
sure after correction of obstructive uropathy. 

Renal and renovascular hypertension: In hyper- 
tensive patients with renal artery or unilateral pa- 
renchymal disease, blood pressure responses to pro- 
pranolol were strikingly paralleled by those observed 


after successful corrective surgery. The best propran- 
olol responses as well as surgical results were ob- 
tained in the patients who had high renin activity 
before treatment, in whom abnormal renin contribu- 
tion originated from the affected kidney, and in 
whom renin secretion in the contralateral kidney was 
suppressed.??.23 However, perhaps more relevant, 
are the six patients with “normal” peripheral plasma 
renin whose responses to propranolol successfully 
predicted the result of corrective surgery. Thus, to- 
gether with the analysis of differential renal renin 
contribution in the often difficult risk-benefit assess- 
ment involved in advising surgery,?3 the pharmaco- 
logic identification of the role of the renin-induced 
vasoconstrictor factor can be of special value. More- 
over, with more experience in screening patients for 
corrective renal surgery, it may be possible to reduce 
the extensive and expensive work-up required in pa- 
tients suspected of having renovascular hyperten- 
sion?* by excluding those who do not respond to pro- 
pranolol treatment. 


Our relatively limited experience with propranolol 
treatment in end-stage renal disease hypertension?5 
suggests that here, too, the drug may be useful for 
treating a renin component in the hypertension and 
for identifying those patients whose pressure can be 
controlled by bilateral nephrectomy. Propranolol may 
prevent exaggerated renin secretion which can occur 
during ultrafiltration.29 

On rare occasions, propranolol therapy was not ca- 
pable of correcting the abnormally elevated renin se- 
cretion observed in certain patients with severe hy- 
pertension. 'These exceptions illustrate limitations in 
this antirenin antihypertensive treatment which may 
be attributable to severe renal disease with loss of 
normal control mechanisms for renin release. 

Essential hypertension: Propranolol was effective 
in about half of our 74 patients with "essential" hy- 
pertension. Thus, in 74 percent of the patients with 
high renin activity and in 66 percent of the patients 
with normal renin activity, diastolic pressure was 
lowered to 95 mm Hg or less. These observations 
may provide a basis for treating larger populations of 
such patients in whom renin now appears to be in- 
volved in sustaining high blood pressure. Indeed, 
renin-dependent hypertension might prove to be bet- 
ter identified pharmacologically than the present in- 
herently arbitrary plasma renin classification which 
is based on a comparison with normal subjects. More 
research on this point is necessary. 

In sharp contrast, propranolol was uniformly inef- 
fective and may actually be contraindicated in pa- 
tients with low renin essential hypertension. In fact, 
propranolol may even raise blood pressure in these 
patients perhaps as a result of an unopposed, possi- 
bly compensatory increase in alpha adrenergic tone, 
causing increased vascular resistance. 

This spectrum of responses obtained with a beta 
adrenergic blocking agent may also point to a neuro- 
genic link in abnormal renin secretion. Low renin 
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hypertensions may be characterized by an endogen- 
ous deficiency in beta adrenergic tone of either central 
or peripheral neural origin. Reduced beta adrenergic 
activity may produce sodium retention by renal 
hemodynamic mechanisms?7:?8 as well as by per- 
haps potassium-mediated relative aldosterone excess 
naturally occurring in low renin patients.?%3! Such 
mechanisms may explain the relative volume ex- 
panded state of low renin hypertensive patients.32.33 
On the other hand, patients with normal and high 
renin essential hypertension might be characterized 
by increased activity of the beta adrenergic nervous 
system. 

As might be expected, propranolol-induced sup- 
pression of renin was followed by a decrease in aldo- 
sterone excretion rates! and in plasma aldosterone 
levels. The somewhat lesser effects on aldosterone 
appeared consequent to a hyperkalemic effect of the 
drug with induced increases in plasma potassium 
operating directly to increase aldosterone and to re- 
duce renin secretion. Such effects are in harmony 
with previous studies indicating that a rise in plasma 
potassium levels can both stimulate aldosterone and 
suppress renal renin secretion.34.35 

In studies under balance ward conditions, pro- 
pranolol produced no change in sodium balance dur- 
ing its antihypertensive action. These observations 
are in keeping with a report indicating that propran- 
olol has little effect on plasma volume in hyperten- 
sive patients.39 Thus, unlike most other vasodilator 
or antiadrenergic drugs its antihypertensive action is 
usually not complicated by sodium retention. This 
rather unique property is a fallout of renin inhibi- 
tion, which in turn retards aldosterone secretion 
thereby preventing compensatory salt and water re- 
tention. Another facet of this resultant inhibition of 
aldosterone secretion might be applicable in situa- 
tions in which propranolol is combined with diuretic 
agents. Thus, it has been shown that the potassium 
loss of diuretic therapy is directly related to the de- 
gree of induced secondary aldosteronism.?? Accord- 
ingly, propranolol by reducing the diuretic-induced 
renin-mediated secondary aldosteronism would be 
expected to prevent kaliuresis. 

Accepting that propranolol lowers blood pressure 
by inhibiting renin secretion, the temporal relation- 
ships remain to be fully defined. It is clear, however, 
from observations made in eight of our patients that 
marked reductions in plasma renin levels, of the 
order of 50 percent of control values, can occur from 
30 minutes to 4 hours after a single initial oral dose 
of 40 mg. Usually, this renin suppression preceded 
significant antihypertensive effect by 4 hours to sev- 
eral days. The reasons for the delay in blood pressure 
fall are not entirely clear but may involve the secon- 
dary delay in reducing aldosterone secretion. 

Mechanisms of renin suppressive effect of pro- 
pranolol: The renin secretory responses to a whole 
variety of stimuli, that is, posture, diuretic agents 
and hypoglycemia, are all suppressed by propran- 
olol.4.38 Furthermore, in other studies, various stim- 
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uli for renin release including hemorrhage, adrenal- 
ectomy, sodium depletion, renal artery occlusion and 
infusion of cyclic adenosine monophosphate (AMP) 
may be blunted although not totally blocked by pro- 
pranolol.39.40 That the renin suppressive effect of 
propranolol is specific for the beta blocking l-isomer 
is suggested by some studies, ‘1-43 but this view is not 
unanimously accepted.*? 

Propranolol may inhibit renin secretion by reduc- 
ing neural activity over beta adrenergic nerves or by 
a direct action on specific intrarenal beta receptors. 
Accordingly, increased renin secretion produced by 
intrarenal infusion of epinephrine or isoproterenol 
can be prevented by propranolol.*! In contrast to 
these impressions, another study comparing systemic 
and intrarenal infusion of isoproterenol has conclud- 
ed that the renin stimulation of this agonist is me- 
diated extrarenally** rather then by intrarenal re- 
ceptors. Moreover, propranolol was shown to inhibit 
renin release associated with stimulation of the cen- 
tral nervous system in the area of the brain stem.*® 
In this context, injection of the drug into the carotid 
or vertebral artery produced a reduction in blood 
pressure in dogs apparently without involving the 
carotid baroreceptors,*® and direct instillation of 
propranolol into the cerebral ventricles exerted hy- 
potensive effects.47 Since propranolol traverses the 
blood brain barrier,48 a central effect could be opera- 
tive in its pharmacologic action in clinical situations. 
Whatever the mechanisms, our results indicate that 
the final common pathway for renin release is not 
completely blocked by propranolol since renin secre- 
tion is maintained albeit at a lower level and can 
still respond to physiologic stimuli. 

On the basis of information presently available, 
propranolol most likely suppresses renin release by 
interference with specific beta adrenergic receptors. 
Such a concept would be in harmony with the sub- 
classification of beta receptors into vascular beta-2 
and “cardioselective” beta-1 receptors proposed ear- 
lier.49 Conceivably, specific vascular “renin selec- 
tive" beta receptors might be identified, and their 
blockade by more specific pharmacologic agents may 
provide an even more sophisticated basis for control 
of renin-activated forms of hypertension. 

Other mechanisms of antihypertensive action of 
propranolol: Notwithstanding the close correlation 
between renin inhibition and blood pressure re- 
sponses to propranolol, factors other than renin sup- 
pression conceivably may play a role in its antihy- 
pertensive action. Indeed, most investigators have 
generally considered the antihypertensive effect of 
the drug to be related to its well known cardiac de- 
pressant effect.9-1? However, more recently, in a 
hemodynamic reevaluation!* it was found that the 
antihypertensive responses could not be predicted 
from control measurements and no correlation was 
observed between drug-induced pressure responses 
and reduction in cardiac output or pulse rates. How- 
ever, the effect on blood pressure was significantly re- 
lated to the reduction in total peripheral resistance. 


September 20, 1973 The American Journal of CARDIOLOGY Volume 32 519 


ANTIHYPERTENSIVE ACTION OF PROPRANOLOL— BUHLER ET AL. 


The findings of this study strongly support an 
antivasoconstrictor basis for antihypertensive action. 

Propranolol has also been advocated as specific 
treatment for hyperdynamic circulatory states, a 
condition sometimes associated with hypertension 
and thought to be a hyperbeta adrenergic state evi- 
denced by tachycardia and high cardiac output.90.51 
The existence of this physiologic derangement has 
been questioned.5?.53 In the present study cardiac 
output was not measured. However, for reasons 
given, the blood pressure-lowering response to pro- 
pranolol seems closely related to a reduction in 
renin-determined peripheral resistance. Moreover, in 
our study,!6 as in others,!4 hypotensive effects did 
not correlate with either control or induced changes 
in pulse rates. Indeed the presumably volume-ex- 
panded low renin patient group, who thus would be 
expected to have a higher cardiac output, exhibited 
little or no antihypertensive response to propranolol. 
In this unresponsive low renin group propranolol- 
induced reduction in cardiac performance can oper- 
ate to precipitate congestive heart failure. This has 
been encountered in three patients. However, it 
seems that whenever blood pressure is reduced by 
the drug the cardiac work is relieved to a much 
greater extent than contractility is depressed, lead- 
ing to an improved cardiac performance with in- 
creased coronary blood flow relative to cardiac 
work.94 

Another action of propranolol which might be in- 
volved in reducing arterial pressure could be its ef- 
fect to reduce venous return.55.56 Clinically this ef- 
fect, if it occurs, is not sufficient to produce postural 
hypotension, an effect frequently observed with other 
antiadrenergic agents such as guanethidine. Finally, 
although hemodynamic changes per se seem unlikely 
explanations for the antihypertensive mechanisms of 
propranolol, the possibility remains that hemody- 
namic changes might act indirectly by way of the 
central nervous system or posterior pituitary to mod- 


ify the neural or humoral governance of renin secre- 
tion. 45.57,58 


Clinical implications: Whatever the mechanism 
of renin inhibition, this hypotensive and renin sup- 
pressive action shown in the present study to persist 
over the longer term makes propranolol especially 
attractive for both recognizing and treating patients 
in whom renin may be involved. In low renin pa- 
tients, in whom the drug is ineffective, spironolac- 
tone has been shown to be beneficial.57.99 However, 
since superimposable responses were observed with 
chlorthalidone,9! it seems likely that spironolactone 
is not unique and that sodium-volume depletion is 
the common denominator for effective antihyperten- 
sive action in these low renin forms of hypertension. 
Accordingly, low renin patients appear to exhibit a 
volume-dependent component to their hypertension 
in contrast to the renin-dependent and less volume- 
dependent pattern observed in the propanolol re- 
sponsive patients with high and normal renin hyper- 
tension.9? 

On this basis, an alternative empiric sequential 
treatment approach might be considered which 
could be applied when prior renin “profiling” is un- 
available. With regular monitoring, daily propranolol 
doses of 40 mg at the outset could be increased to as 
much as 480 mg in three or four divided doses ad- 
justed at weekly intervals. Complete responders, 
that is, those with renin-dependent forms of hyper- 
tension, would be afforded the advantage of long- 
term treatment with a single agent.19.63 For the pa- 
tient who exhibits a partial or no antihypertensive 
response, diuretic agents alone could be tried and 
then, only if necessary, propranolol in combination 
with a diuretic? or a vasodilator drug9*.95 could be 
used. 

Beyond this, the possibility also exists that long- 
term propranolol antirenin treatment might operate 
not only to control blood pressure, but also to im- 
prove prognosis by converting normal and high renin 
patients into low renin states since a recent study? 
suggests that this low renin state is associated with 
relative protection from the development of heart at- 
tacks and strokes. 
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The blood pressure response to spironolactone or chlorthalidone was 
studied in 71 patients with essential hypertension exhibiting ei- 
ther low or normal plasma renin activity. The patients with low renin 
activity were more responsive to both of these diuretic agents, but 
neither drug was uniquely or uniformly effective in this group. Blood 
pressure became normal in only 57 percent of patients with reduced 
renin activity receiving spironolactone therapy, whereas 24 percent 
maintained a diastolic pressure greater than 105 mm Hg; 44 percent 
of them responded to chlorthalidone, but 31 percent did not. In pa- 
tients with normal renin values the blood pressure was normalized in 
36 percent by spironolactone and in 37.5 percent by chlorthalidone. 
Responses to spironolactone were usually manifested with a dose of 
100 mg/day; an increased dose rarely had an additional antihyper- 
tensive effect. The similar effectiveness of both drugs in 27 patients 
treated sequentially with each agent suggests that volume depletion 
is a common mechanism of action. 

The sustained induced elevations of plasma renin activity and al- 
dosterone excretion, and the chronic elevations of blood urea nitro- 
gen induced by both agents, indicate that a persistent shift or loss of 
body sodium or water occurs during therapy. Thus, the antihyperten- 
sive action of either diuretic agent appears to result from a reduction 
of a possibly excessive sodium or volume content relative to capaci- 
ty of the vascular bed. Patients failing to respond may have had inade- 
quate volume depletion or a hypertensive state that was maintained 
by a relatively greater vasoconstrictor (renin) response for the de- 
gree of volume depletion induced by the drug. 

Altogether the data suggest that diuretic therapy with either spiro- 
nolactone or a sulfonamide is primarily indicated in low renin essen- 
tial hypertension. In patients with normal renin activity diuretic ther- 
apy could be reserved for those in whom beta adrenergic blockade 
proves inadequate. Such sequential single-drug antihypertensive 
therapy offers the potential for further characterization and under- 
standing of hypertensive disorders while affording a simpler and 
more specific long-term drug regimen for some patients. 


The ability of effective antihypertensive drug therapy to prevent the 
devastating cardiovascular damage that results from sustained ele- 
vation of blood pressure!-? is a compelling reason for further elucida- 
tion of the underlying mechanisms of hypertension that would lesd 
to more specific treatment. The recent classification of patients with 
essential hypertension into three major subgroups according to ele- 
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vated, normal or subnormal plasma renin activity as 
related to daily sodium excretion has allowed the 
definition of different epidemiologic? and pathophys- 
iologic®:§ characteristics. Moreover, in another recent 
study,’ the antihypertensive effectiveness of the 
therapeutic agent propranolol has been shown to be 
directly related both to the control renin level and to 
the degree of renin reduction, thus defining a subpop- 
ulation whose hypertensive state may be caused by 
renin-induced vasoconstriction. 

In contrast, patients with low renin hypertension 
who are unresponsive to propranolol’ have been 
found in other studies to respond well to spironolac- 
tone.811 In fact, it has been claimed that these pa- 
tients are specifically and uniquely responsive to this 
mineralocorticoid antagonist, given in large doses.?: 
11 [t has been suggested that this agent acts by com- 
bating volume expansion due to the sodium-retain- 
ing action of an identified!? or unidentified? 11.13.14 
mineralocorticoid. The presence of volume expansion 
in patients with low renin hypertension has been 
shown in some!3.15 but not all16 studies. 

Our study was undertaken to determine if patients 
with low plasma renin activity are, as a group, 
uniquely and uniformly responsive to spironolactone 
or if, alternatively, a subset of patients with both low 
and normal renin levels can be identified who re- 
spond similarly to this drug. In addition, we studied 
whether patients who respond to spironolactone also 
respond to another type of diuretic agent, chlorthali- 
done. The data show that both types of diuretic 
drugs are about equally useful for identifying and 
treating a volume factor!? as it prevails in patients 
with either low or normal renin hypertension. 


Methods 


Patient material: The subjects were 71 hypertensive 
patients referred to the Hypertension Center at Colum- 
bia-Presbyterian Medical Center. In all patients antihy- 
pertensive and diuretic therapy had been withheld for at 
least 1 month before the study. A complete evaluation 
was performed to exclude any known causes of hyperten- 
sion. In addition, patients with accelerated hypertension 
or with any evidence of primary parenchymal renal dis- 
ease were also excluded. Thus, all patients included in 
this study were diagnosed as having benign essential hy- 
pertension. 

Evaluation of the renin-aldosterone system: Ambula- 
tory measurements of plasma renin activity and urinary 
aldosterone excretion were determined on an outpatient 
basis in the following manner. On the day before the clin- 
ic visit the patients were instructed not to restrict salt in- 
take and to collect a 24 hour urine sample for the deter- 
mination of the daily rate of sodium excretion and the 
urinary aldosterone excretion. Corresponding plasma renin 
samples were collected between 10 AM and noon during 
the clinic visit. The patients were then asked to follow 
written dietary instructions for a moderately reduced so- 
dium content and the collections were repeated. We have 
found that this diet results in urinary sodium excretion of 
less than 100 mEq/24 hours, a condition that allows accu- 
rate patient classification into renin subcategories.? An 
earlier report has shown that plasma renin activity and 


the rates of aldosterone excretion collected in this way in 
outpatients generally parallel values obtained under rigid 
balance conditions.15 


Study Procedures 


Single drug studies: During the pretreatment period 
blood pressures were measured both manually and with 
an automatic blood pressure recorder (Physiometrics) 
after 10 minutes of rest with the patients in the sitting 
position. Each blood pressure value in Tables II and III 
represents an average of the pressures obtained during 
three office visits. A consistent elevation of diastolic blood 
pressure to at least 100 mm Hg was required for inclusion 
of the patient in the study. Control determinations of 
plasma renin activity, urinary aldosterone excretion and 
plasma electrolytes were made during these visits. 

After control determinations patients were randomly 
assigned to two treatment groups. One group (49 patients) 
was given spironolactone, initially 50 to 100 mg/day in 
two divided doses, and the other group (24 patients) given 
chlorthalidone, 50 to 100 mg/day as a single dose. After a 
treatment period of at least 6 weeks, repeat determina- 
tions of plasma renin activity, urinary aldosterone excre- 
tion, plasma electrolytes and blood pressure were made 
while the patients were receiving therapy. Eleven patients 
continued to receive diuretic therapy for more than 12 
weeks after the maximal antihypertensive effect was 
achieved to evaluate the effect of long-term drug adminis- 
tration on the renin and aldosterone responses. In those 
patients found to exhibit low plasma renin activity in 
relation to the concurrent state of sodium excretion (low 
renin essential hypertension) the dose of spironolactone 
was increased to 400 mg/day, if tolerated and if the blood 
pressure had not normalized with the initial dosage. In se- 
lected patients renin, aldosterone and electrolyte determi- 
nations were performed again with the patients receiving 
the increased dosage. 

Crossover studies: The blood pressure response to ei- 
ther spironolactone or chlorthalidone, given in random se- 
quential crossover fashion, was studied in 27 patients. 
After an initial control period, as used in the single drug 
study, these patients were treated with either diuretic 
agent. The blood pressure response was then determined 
at intervals for at least 6 weeks. Administration of the ini- 
tial medication was then stopped and the blood pressure 
allowed to return to pretreatment levels over 1 month. 
The alternate diuretic agent was then given and the blood 
pressure response determined in a similar fashion. In four 
patients known to have low renin activity, the dose of spi- 
ronolactone was again increased to the maximal level toler- 
ated to determine if the effect on blood pressure would be 
enhanced. 

Analytical methods: Plasma renin activity was deter- 
mined by a method recently described!? using a radioim- 
munoassay to quantitate generated angiotensin I. The re- 
producibility of the method is +12 percent. The 24 hour 
excretion of aldosterone was also measured by radioimmu- 
noassay.?09 


Results 


Classification of patients according to plasma 
renin activity: The left panels of Figure 1 show the 
relation of plasma renin activity to the concurrent 
rate of daily sodium excretion during the pretreat- 
ment period with a sodium-restricted diet in patients 
subsequently treated with each diuretic agent. Of 
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PLASMA 
RENIN 
ACTIVITY 
ng/ml/hr 

FIGURE 1. The left panels present peripheral 

plasma renin activity as related to the 24 

hour urinary sodium excretion used for clas- 

sification of patients into low and normal 

renin subgroups before therapy. The right 

panels show the dramatic rises in plasma 

renin activity that occur with treatment with o 


either diuretic agent ( a = low renin; @ = 
normal renin). 


the 49 patients treated with spironolactone 21 exhib- 
ited low and 28 normal plasma renin activity, and of 
the 24 patients treated with chlorthalidone 16 exhib- 
ited low and 8 normal plasma renin activity. There 
were no significant differences among these groups in 
base-line values for blood pressures, age, duration of 
hypertension, plasma creatinine or duration of drug 
therapy (Table I). The mean dosage of spironolactone 
was greater in the low renin group because of the in- 
creased dosage given in some of these patients to re- 
veal maximal blood pressure responsiveness. 

Blood pressure response to diuretic agents: The 
individual blood pressure responses to therapy in 
relation to the patient characteristics and the re- 
sponses of renin and aldosterone are shown for the 
different groups in Tables II and III. There was a 
heterogenous response in blood pressure to both 
agents in both renin subgroups (Fig. 2). Thus, al- 
though blood pressure became normal during 
spironolactone therapy in 12 of 21 patients with low 
renin activity (57 percent), it ranged between 100 and 
105 mm Hg in 4 of 21 (19 percent) and was greater than 





CHLORTHALIDONE 


100 200 300-0 100 200 
URINARY SODIUM EXCRETION mEq/ 24hrs 


300 


105 mm Hg in 5 of 21 (24 percent) despite increased 
drug dosage. In the patients with normal renin activ- 
ity, blood pressure became normal in 10 of 28 (36 
percent), whereas it ranged between 100 and 105 
mm Hg in 5 of 28 (18 percent) and was greater than 
105 mm Hg in 13 of 28 (46 percent). Likewise, in the 
patients treated with chlorthalidone, blood pressure 
was normalized in 7 of 16 patients with low renin ac- 
tivity, whereas 4 patients showed an intermediate 
response and 5 maintained a pressure greater than 
105 mm Hg. Among the patients with normal renin 
activity treated with chlorthalidone the response was 
again heterogenous. 

The similarity in the fall in diastolic blood pres- 
sure within the renin subgroups treated with either 
diuretic agent and the differences between the 
subgroup responses are shown for the four groups as 
a whole in Figure 3. Thus the percent changes in di- 
astolic pressure in the patients with low renin activi- 
ty, 15.6 percent during treatment with spironolactone 
and 14.3 percent during treatment with chlorthali- 
done, were not significantly different. Similarly the 
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TABLE | 
Clinical Information in the Different Treatment Groups 


Plasma 
Creati- Diastolic 
Mean nine Blood Duration Drug 


Studies Age — (mg/ 
(no) (yr 100 ml) 


Pressure of Study Dose 
(mmHg) (wk) (mg 


Spironolactone 49 
Normal renin 28 49 0 
Low renin 21 55 0.97 

Chlorthalidone 24 
Normal renin 8 43 1.04 
Low renin 16 54 0. 


90 112+ 10 9 133 
117 + 12 10 190 


TH 9 88 
118 + 13 9 71 
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FIGURE 2. Heterogeneity of diastolic blood pressure responses 
in patients in both low and normal renin groups with either di- 
uretic agent. More patients with low renin activity responded to 
either agent; however a sizable fraction sustained a pressure 
greater than 105 mm Hg. A sizable percent of normal renin pa- 
tients also responded to either agent. 
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FIGURE 3. Changes in diastolic blood pressure in patients with 
low and normal renin activity induced by spironolactone (dotted 
bars) and chlorthalidone (hatched bars). The results are ex- 
pressed as the mean percent fal in pressure + standard error. 
Although the responses within sach subgroup to either agent 
were similar, the patients with low renin activity demonstrated a 
greater responsiveness to both diuretic agents. 


fall in blood pressure in patients with normal renin 
activity treated with either drug (8.5 percent with 
spironolactone and 8.8 percent with chlorthalidone) 
did not differ. However, responsiveness was greater 
in the patients with low renin activity treated with 
either agent than in the normal renin subgroup. 
Hence, the patients with low renin activity appear to 
be more responsive to the volume depletion induced 
by these diuretic drugs irrespective of the agent cho- 
sen when the groups are analyzed as a whole. 


Blood pressure response in the crossover study: 
Because these observations were made in two differ- 
ent patient populations, to evaluate further the rela- 
tive effectiveness of both drugs 27 patients were 
studied during sequential administration of each 
drug regardless of the patient's renin subgroup. 
Table IV shows the mean control blood pressure and 
the pressure responses to each agent. In four patients 
following an initial trial with 100 mg/day of spiro- 
nolactone the dosage was increased to the maximal 
dose tolerated. In these patients with low renin activ- 
ity there was no additional pressure response. The 
parallel response in diastolic blood pressure to these 
two agents is clearly seen in Figure 4 in which the ab- 
solute changes in diastolic blood pressure during 
chlorthalidone therapy are plotted against these 
changes during treatment with spironolactone. There 
was a direct relation between the changes in blood 
pressure over the entire range of response, character- 
ized by a correlation coefficient of 0.89. 


Biochemical and hormonal responses: The dra- 
matic rise in plasma renin activity that occurred 
with the administration of these agents is shown in 
Figure 1 (right panels). The rise was found during all 
periods of drug administration without evidence for a 
delayed return to normal with prolonged therapy. In 
addition, the rise of renin in the patients with low 
renin activity, despite the frequent occurrence of an 
increase in urinary sodium excretion, is evidence 
against juxtaglomerular cell unresponsiveness as a 
factor in low renin hypertension. Moreover, the rise 
in renin seen in both renin subgroups emphasizes 
that discontinuation of diuretic therapy is necessary 
for accurate renin and aldosterone hormonal profil- 
ing. 

'The percent changes in plasma renin activity and 
urinary aldosterone excretion, utilizing the pretreat- 
ment renin and aldosterone values obtained during 
normal sodium intake as the control values, and the 
concurrent changes in serum potassium and blood 
urea nitrogen are shown for the four groups in Figure 
5. 'The rise in renin in the patients with normal renin 
activity receiving chlorthalidone (308 percent) was 
slightly greater than that observed in the patients 
with normal renin activity receiving spironolactone 
(287 percent). This difference may be due to the fact 
that the patients treated with chlorthalidone sus- 
tained both volume and potassium depletion, two 
factors known to stimulate renin release, whereas the 
patients given spironolactone retained potassium. The 
greatest rise in renin was observed in the patients 
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TABLE Il 
Characteristics of Patients with Low and Normal Plasma Renin Activity Before and After Spironolactone Therapy 




















Control Treatment 
Dura- 
Case Age (yr) Dose tion TG n TL 
no. &Sex Race (mg) (wk) S D PRA UNaV Aldo S D PRA UNaV Aldo 
A. Low Plasma Renin Activity 
1 49F B 100 9 200 105 0.88 68 17 160 90 2.70 122 62 
2 65M Ww 100 6 165 110 0.48 103 3.4 150 90 6.20 96 15 
3 50F Ww 50 18 175 105 0.90 79 12 150 88 1.30 200 25 
4 52M Ww 100 8 175 115 0.40 96 10 125 80 3.50 167 25 
5 55M Ww 100 6 180 110 0.96 40 25 150 85 6.20 76 25 
6 48M Ww 50 22 150 108 1.10 70 9 140 92 4.50 116 39 
7 70F Ww 100 25 140 100 1.60 189 7 120 75 4.95 207 51 
8 41M Ww 200 6 185 130 0.63 106 20 140 90 2.10 106 34 
9 55F B 100 11 155 105 0.80 88 15 150 90 3.30 127 36 
10 33M B 125 19 170 120 0.49 82 12 135 95 1.90 119 19 
11 52F Ww 100 8 170 110 1.10 88 12 140 95 5.00 81 43 
12 67M Ww 100 6 180 125 0.78 194 16 140 93 6.10 129 17 
13 36M B 400 6 180 135 0.55 173 26 140 100 1.00 168 52 
14 69M Ww 250 12 160 100 0.70 62 9 140 100 10.40 63 49 
15 62F B 400 6 180 115 0.95 70 3.7 160 105 2.80 60 16 
16 64F Ww 200 12 210 115 0.57 96 9.2 160 98 8.40 142 57 
17 43M B 200 6 180 130 0.40 196 20 180 120 4.90 238 46 
18 66M WwW 200 6 180 120 0.55 166 11 150 110 14.00 123 45 
19 50F B 400 6 240 140 0.34 103 16.6 250 155 0.26 280 22 
20 54M W 400 6 220 120 0.52 72 47 180 107 6.60 174 138 
21 63M Ww 300 10 210 135 0.80 205 20 150 115 7.70 147 26 
B. Normal Plasma Renin Activity 
22 38M Ww 100 15 165 100 4.6 75 19 150 90 4.50 130 88 
23 35M Ww 100 12 160 110 2.4 160 13 130 80 5.10 19 26 
24 56M Ww 100 6 185 105 1.5 153 9.8 168 88 4.50 159 22 
25 53M Ww 75 10 160 100 I 116 15 120 85 3.90 86 35 
26 45F WwW 200 6 200 130 4.7 130 5:2. 125 92 2.70 94 21 
27 58F Ww 100 12 165 100 1.0 67 14 140 90 21.00 62 72 
28 70M Ww 100 6 220 105 1.0 116 11 180 80 1.30 149 19 
29 50M WwW 100 6 180 115 1.2 108 32 140 90 3.20 153 60 
30 62F Ww 100 12 150 100 1.3 121 5.9 160 90 6.90 131 38 
31 47F Ww 100 7 140 110 1.2 120 5.8 125 90 3.20 136 24 
32 20F Ww 400 6 180 110 1.3 105 39 180 100 14.00 84 55 
33 66F W 200 6 180 110 0.21 199 11 180 100 1.10 147 17 
34 41M Ww 100 12 140 100 4.00 38 19 140 100 8.80 213 100 
35 38M Ww 200 6 130 100 4.00 86 6.4 130 100 6.80 204 27 
36 46M Ww 100 8 180 120 1.50 146 20 150 105 4.40 131 23 
37 38M Ww 100 20 170 120 3.60 120 19 170 115 8.00 156 53 
38 44F Ww 100 10 155 116 3.40 118 10 155 115 7.80 165 37 
39 35M B 100 6 140 100 2.00 151 13 140 115 2.70 176 34 
40 39F Ww 100 18 185 118 1.40 101 13 185 120 3.00 179 23 
41 55M Ww 100 8 170 125 2.70 115 23 170 115 8.20 152 58 
42 54M Ww 200 12 150 110 1.7 116 9.8 150 115 6.70 218 50 
43 42F Ww 50 6 195 125 bal. 60 20 180 108 — — — 
44 52M Ww 100 10 180 110 1.4 87 18 180 110 3.50 102 41 
45 SIF Ww 200 6 170 118 4.7 87 7.9 170 110 3.30 59 46 
46 52F Ww 200 6 200 120 2.4 204 26 200 120 4.20 278 47 
47 56F W 100 6 170 115 1.8 159 11 170 116 3.60 310 31 
48 51M Ww 200 6 200 132 0.76 278 16 200 120 12.00 235 104 
49 57M Ww 100 12 165 110 1.8 73 8 165 105 2.90 149 24 





Aldo = urinary aldosterone excretion (ug/24 hours); BP = blood pressure (mm Hg); D = diastolic; PRA = plasma renin activity (ng/ml 
per hour); S = systolic; UNaV = urinary sodium excretion (mEq/24 hours). 
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TABLE Ill 


Characteristics of Patients with Low and Normal Plasma Renin Activity Before and After Chlorthalidone Therapy 























Control Treatment 
Dura- 

Case Age (yr) Dose tion MA VIT e 

no. &Sex Race (mg) (wk) S D PRA UnaV Aldo S D PRA UnaV Aldo 

A. Low Plasma Renin Activity 

1 52F WwW 50 10 180 115 0.57 132 14 140 90 2.8 86 25 

2 49F B 100 6 180 115 0.7 92 22 140 90 2.8 136 15 

3 67M WwW 50 14 180 125 0.78 194 16 140 93 3:7 137 B.8 

4 62F WwW 50 10 180 100 0.5 119 12 160 80 3.2 193 15 

5 70F W 100 6 160 100 1.6 189 7 130 80 9.3 ' 179 28 

6 50F Ww 50 12 175 105 0.9 79 12 130 85 

, 52F Ww 50 6 170 110 Ta 88 12 145 95 Ut Es. sie 

8 69F Ww 100 6 200 110 0.39 52 8.1 200 100 2.5 122 12 

9 44F B 100 15 180 120 0.79 86 16 180 100 1.4 106 20 
10 36M B 100 6 180 135 0.55 173 26 180 105 202 141 20 
11 52M W 50 6 175 115 0.40 96 10 128 98 4.3 96 23 
12 42F B 100 6 180 110 0.73 122 5.2 180 110 6.7 180 5.8 
13 55M Ww 50 4 210 128 2.2 40 18 210 122 2.0 106 15 
14 50F B 50 18 240 140 0.34 103 16.6 240 150 0.97 311 1 
15 63M Ww 50 6 210 135 0.80 205 20 210 113 8.6 107 13 
16 54M Ww 100 6 220 120 0.52 72 47 220 110 

B. Normal Plasma Renin Activity 

17 35M Ww 100 12 160 110 2.4 160 13 150 92 5.9 349 8.2 
18 54M w 50 9 160 100 3.9 187 13 140 90 9.5 145 19 
19 45M Ww 100 6 200 130 4.7 130 5:2 115 85 10.6 74 4.4 
20 32M Ww 100 10 180 105 2.9 127 13 155 105 11.0 247 17 
21 52M Ww 100 6 180 110 1.4 87 18 150 100 10.0 76 33 
22 42F Ww 50 20 195 125 5.7 60 20 150 112 10.1 102 26 
23 31F Ww 100 6 150 115 4.4 55 7-2. 180 115 21 62 25 
24 53F Ww 100 6 180 100 1.8 112 10 145 110 14.4 134 13 


Abbreviations asinTable Il. 


with low renin activity receiving spironolactone (655 
percent), a greater rise than that observed in similar 
patients receiving chlorthalidone (458 percent). This 
observation may be explained by the fact that the 
patients with low renin activity who received the in- 
creased dose of spironolactone had a greater rise in 
renin, whereas the patients receiving a conventional 
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FIGURE 4. Similar chlorthalidone-induced (abscissa) and spiro- 
nolactone-induced (ordinate) changes in diastolic blood pres- 
sure in 27 patients treated with both diuretic agents. 


dose demonstrated a rise (429 percent) that was ac- 
tually smaller than that found in the patients treated 
with chlorthalidone. 

The suggestion that the sustained rise in renin is a 
consequence of volume reduction is also supported 
by the observation of a rise in the level of blood urea 
nitrogen in all groups during therapy. Moreover, the 
patients with low renin activity who received the 
larger dose of spironolactone and demonstrated the 
greatest rise in renin also manifested the greatest rise 
in blood urea nitrogen levels. 

'The control levels of urinary aldosterone excretion 
were not different for the four treatment groups. The 
patients with low renin activity subsequently given 
spironolactone had a mean excretion rate of 15.3 ug/ 
24 hours and the patients with normal renin activity 
given this drug 15.0 4g/24 hours; the patients with 
low renin activity given chlorthalidone excreted 16.4 
ug/24 hours and those with normal renin 12.4 ug/24 
hours. 

There was a consistent rise in aldosterone in pa- 
tients with both low (212 percent) and normal (191 
percent) renin activity receiving spironolactone; how- 
ever, the rise was smaller and less consistent in the pa- 
tients receiving chlorthalidone. The control plasma 
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potassium levels were the same in all groups, with no 
trend toward lower potassium levels in the patients 
with low renin activity. However, the hypokalemic 
effect of the chlorthalidone, a mechanism known to 
reduce aldosterone secretion,?!:22 is shown by the 
final mean plasma potassium value of 3.1 mEq for 
the low and normal renin groups. 


Discussion 


Our study extends the use of renin subgroups to 
define mechanisms of high blood pressure and pro- 
vides pharmacologic validation of a role for the 
renin-angiotensin-aldosterone system in revealing 
the nature of underlying mechanisms in chronic hy- 
pertension.17 Thus, when patients with essential hy- 
pertension were classified according to low and nor- 
mal renin levels, 12 of 21 patients with low renin ac- 
tivity (57 percent) and 10 of 28 with normal renin 
activity (36 percent) had normal blood pressure 
while taking spironolactone. In addition, in the pa- 
tients treated with chlorthalidone diastolic pressure 
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FIGURE 5. Changes in absolute diastolic blood pressure, plas- 
ma renin activity, aldosterone excretion, plasma potassium and 
blood urea nitrogen in patients with low and normal renin activi- 
ty treated with spironolactone (dotted bars) and chlorthalidone 
(hatched bars). Results expressed as mean + standard error. 
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was reduced to 95 mm Hg or less in 7 of 16 patients 
with low renin activity (44 percent) and 3 of 8 pa- 
tients with normal renin activity (37.5 percent). 
These responses, together with the similar responses 
in blood pressure to either diuretic agent in crossover 
studies of 27 patients, indicate that spironolactone 
and chlorthalidone act through a common mecha- 
nism. The sustained elevation of the plasma renin 
activity and blood urea nitrogen would suggest that 
this common mechanism is volume depletion. 
Mechanisms of antihypertensive response in 
low renin hypertension: As reported by others,5-11. 
23 the patients with low renin activity demonstrated 
a greater mean decrease in blood pressure, and a 
greater percentage of these patients responded to ei- 
ther diuretic agent. The better response in these pa- 
tients suggests that, as a group, they show more vol- 
ume dependence or that more of them have a volume 
factor maintaining their hypertension.!7 However, in 
contrast to a number of earlier reports,?:!! the re- 
sponse in our patients was not totally uniform, since 


TABLE IV 


Responses in Diastolic Blood Pressure (BP) to Each Diuretic 
Agent 


Spironolactone 








Dura- : 
hlorthalid 
Control tion abe St 
Diastolic of Duration of 
BP Treat- Diastolic Dose Treat- Diastolic 


Case (mm Dose ment BP (mg/ ment BP 
no. Hg) (mg/day) (wk) (mm Hg) day) (wk) (mm Hg) 


1 105 50 18 88 100 14 85 
2 115 100 8 85 50 6 98 
3 125 100 6 90 50 12 93 
4 110 100 8 95 100 6 95 
5 110 50 6 88 50 8 92 
6 105 100 6 92 50 14 80 
7 110 100 12 80 100 6 92 
8 110 100 8 95 50 6 95 
9 110 100 6 90 50 6 90 
10 130 200 6 92 100 6 85 
11 100 100 8 90 100 8 90 
12 100 100 26 75 100 6 80 
13 115 100 6 90 50 6 90 
14 100 50 20 85 100 6 85 
15 100 75 10 85 50 6 85 
16 128 100 10 120 50 4 122 
17 140 400 6 155: 50 18 150 
18 122 100 6 102 100 40 110 
19 120 400 6 107 100 6 110 
20 126 100 6 100 100 à 100 
21 135 300 10 115 50 6 113 
22 135 400 6 100 100 6 105 
23 125 50 6 108 50 20 112 
24 100 100 6 110 100 6 110 
25 120 100 6 106 50 6 110 
26 110 100 6 110 100 10 100 
27 107 100 8 105 100 6 103 
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24 percent of them did not become normotensive 
even with an increased dosage of spironolactone, a 
finding also reported by Crane et al.1° In addition, 
the conventional spironolactone dose of 100 mg/day 
was usually effective and 400 mg/day was not re- 
quired. Similar observations have been made by 
Crane et al.19 and are also suggested by the report of 
Carey et al.!! that 11 of 14 of their patients main- 
tained normotension with the low dosage. 

Moreover, in our patients with low renin activity, 
the antihypertensive response was not specific for 
spironolactone since they responded equally well to 
chlorthalidone. In addition, in the crossover study, 
regardless of the renin subgroup, spironolactone and 
chlorthalidone were equally effective. Crossover 
studies of a thiazide diuretic and spironolactone by 
some investigators have shown similar results,?3-25 
whereas others have found spironolactone less effec- 
tive.26.27 A sizable segment of the population with 
normal renin activity also responded to both of these 
agents (36 to 37.5 percent). The percent of good re- 
sponses in this group was similar to that found by 
Crane and associates.5.!1? [n marked contrast, how- 
ever, neither Spark and Melby? nor Carey et al. 
have identified any patients with normal renin activ- 
ity whose blood pressure was reduced in response to 
spironolactone therapy. 

Taken together, these data suggest that there ex- 
ists a subpopulation of patients, mostly with low but 
some with normal plasma renin levels, whose hyper- 
tension might be related to a maintained excess of 
sodium or water disproportionately large for the ca- 
pacity of the vascular bed.!* Thus, specific volume 
depletion induced by nonspecific diuretic therapy 
with resultant decrease in effective volume and pos- 
sibly an additional lowering of a previously high car- 
diac output renders them normotensive. 

Plasma volume expansion and depletion in low 
renin hypertension: It has been suggested that in 
patients with low renin activity, volume expansion, 
as shown by increased extracellular fluid volume?® or 
by increased exchangeable sodium,!? is due to the 
secretion of an unidentified mineralocorti- 
coid.9.11.13.14 Since both spironolactone and chlor- 
thalidone act to reduce sodium or volume, an uniden- 
tified mineralocorticoid cannot be ruled out as a causal 
factor in some of these patients. In fact, it has re- 
cently been shown that a thiazide diuretic agent has 
antihypertensive action in primary hyperaldosteron- 
ism.28 However, the fact that some patients with low 
renin activity do not respend and a significant por- 
tion of patients with normal renin activity do re- 
spond to these two different agents is strong evidence 
against the idea that unique antagonism of a miner- 
alocorticoid excess is involved in the antihyperten- 
sive action of either drug. Indeed, since spironolactone 
is a weak antagonist of aldosterone, it might actu- 
ally be more effective in blocking aldosterone when 
the endogenous hormone levels are not inordinately 


high. 


The hypotensive action of diuretic agents has been 
ascribed to plasma volume and extracellular fluid 
contraetion,29-31 alterations of sodium balance?? or 
decreased receptor sensitivity to vasopressor sub- 
stances.33.3* The diuretic action of the drugs per se 
would appear to be the most reasonable mechanism 
of action. However, numerous studies have not been 
able to demonstrate a persistent reduction in plasma 
volume, extracellular water or exchangeable sodi- 
um?9-37 or a sustained elevation in plasma renin activ- 
ity.38 In our study the persistent and often dramatic 
rise in plasma renin activity suggests that protracted 
volume or sodium depletion, or redistribution, is in- 
duced which is chronically sensed by the kidney, re- 
sulting in a compensatory rise in renin and aldoste- 
rone. The chronically elevated level of blood urea ni- 
trogen suggests a similar mechanism. Accordingly, 
Tarazi et al.3! have demonstrated a fall in plasma 
renin activity and increase in plasma volume and 
extracellular water when diuretic drugs were with- 
drawn after long-term use, and Leth39 has shown a 
chronic reduction in plasma volume and extracellu- 
lar fluid volume in patients treated with hydrochlo- 
rothiazide. 

The decrease in blood pressure induced by diuretic 
drugs in the face of increased renin activity is in 
agreement with previous findings in man3? and ani- 
mals?*.19 that sodium depletion decreases pressor 
sensitivity to exogenous angiotensin, whereas sodium 
administration enhances pressor sensitivity. 

Reasons for failure to respond to volume deple- 
tion and clinical implication: At the same time, the 
significant incidence of patients in both the low and 
normal renin groups who do not respond to volume 
depletion may suggest either a better capacity to 
compensate for the diuretic agent or nonhomogeneity 
from a mechanistic standpoint. Thus, in patients 
failing to respond, a more reactive vasoconstriction 
component possibly accentuated by the rise in renin 
with diuretic agents may perfectly counterbalance 
the induced volume depletion and maintain the 
blood pressure at control levels.!* In fact, the use of 
a renin-lowering agent alone as an initial mode of 
therapy in normal renin hypertension is supported 
by our recent observation that 66 percent of patients 
so treated show a normalization of blood pressure.*! 
This observation, taken in conjunction with our data 
showing that only 36 percent of patients with normal 
renin activity responded to volume depletion with 
diuretic agents, suggests that, of the volume and va- 
soconstrictor components that interact in normal 
renin hypertension, the vasoconstrictor element me- 
diated by renin can often predominate. Hence, the 
evidence at hand indicates that the proper use of di- 
uretic agents in patients with normal renin activity 
may be as adjunctive therapy in those who fail to re- 
spond adequately to a renin-lowering agent such as 
propranolol. 

Moreover, from this experience demonstrating the 
greater responsiveness of the patierts with low renin 
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activity to the diuretic agents and their consistent 
lack of response to propranolol,?:*! it can be recom- 
mended that the primary use of diuretic agents, ei- 
ther spironolactone or chlorthalidone (or another thia- 
zide diuretic) alone, is in the initial treatment of low 
renin hypertension. However, there are patients with 
low renin activity whose blood pressure is not re- 
duced with diuretic agents alone although their renin 
is often elevated to abnormally high levels with the 
diuretic stimulus. Thus, in these patients the addi- 
tion of a renin-lowering agent might be beneficial in 
order to blunt the compensatory rise of renin so in- 
duced. 

Despite the theoretical attraction of this approach, 
it has not proved totally successful in three patients 
with low renin resistant to diuretic agents. In these 
patients control of blood pressure has only been 
achieved with the addition of a third drug, a vasodi- 
lator (hydralazine). This observation suggests that 
these patients may be affected by either a nonrenin 
vasoconstrictor factor or by subtle intrinsic vascular 


damage of unknown origin that responds to the addi- 
tion of a direct vasodilator. 

The pharmacologic characterization of both vol- 
ume and vasoconstrictor influences on blood pres- 
sure, as suggested by hormonal abnormalities found 
in essential hypertension, allows the construction of 
a unifying concept in which increased blood pressure 
is explained by an abnormality in the capacity of the 
arterial vascular bed relative to the volume therein. 
This concept then gives a rational basis for the use of 
single and combination drug therapy directed specif- 
ically toward correction of underlying hormonal im- 
balances.17 

More work is needed on the net effects of combi- 
nation therapy on the renal-adrenal hormone related 
vasoconstrictor-volume equation. Meanwhile, the 
potential for better characterization and under- 
standing of hypertensive disorders by evaluating in- 
dividual pharmacologic responses seems particularly 
bright, since this approach promises to enable sim- 
pler and more specific long-term therapy. 
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This report contains the recommendations of the Committee on Hy- 
pertension of the Experimental Medical Care Review Organization of 
the Albemarle County Medical Society, Charlottesville, Va. on the 
care of patients with hypertension. The Society uses an epidemiolog- 
ic approach to set standards for medical care. The Committee has 
made recommendations for primary prevention, case finding, diag- 
nostic workup, therapy and follow-up procedures. After a study of 
office and hospital practices, standards of care were distributed and 
discussed in workshops. These criteria were then adopted by the 
County Medical Society as the standards for care of patients with 
high blood pressure. A new survey will be made to determine the 
effect of physician education on the care of these patients. 

The Committee recommends that efforts be made to have obese 
patients lose weight. Physicians of every specialty are to record the 
blood pressure on the initial visit of each new adult patient. Blood 
pressure is to be recorded in children once before age 6 and every 2 
years thereafter, until age 15. All adult patients should have blood 
pressure checked and recorded annually. Physicians who do not 
have primary care of the hypertensive patient are responsible for in- 
forming and referring him. Those with primary responsibility are to 
render care according to these standards. Quality care of the hyper- 
tensive patient includes case finding, documentation of sustained hy- 
pertension, obtaining pertinent medical history and physical exami- 
nation. Laboratory procedures include determinations of serum uric 
acid, blood urea nitrogen or creatinine, glucose, potassium, urinaly- 
sis, chest roentgenogram, urinary vanillylmandelic acid (VMA), free 
catechols or metanephrines, hematocrit, and white blood cell count. 
Other laboratory procedures are considered special studies. Suc- 
cessful therapy is defined as reducing blood pressure to normal with 
either surgery or drugs. Patients should be followed up at 3 month 
intervals after blood pressure is controlled. When quality care cannot 
be rendered the priorities of care in descending order are: case find- 
ing, drug therapy and follow-up, and diagnostic evaluation. 


Introduction 


In September 1971, the Experimental Medical Care Review Organi- 
zation (EMCRO) appointed a Committee on Hypertension to devel- 
op criteria for standards of quality care of hypertensive patients in 
office and hospital practice. The committee consists of a full-time 
faculty member, two practicing internists, a Fellow in endocrinology 
and a fourth year medical student. An epidemiologic approach was 
used to develop these criteria, with as complete documentation as 
possible from the existing medical literature. When this information 
was not complete, local surveys were made to supplement the infor- 
mation. In areas in which knowledge was lacking or incomplete, the 
Committee made its best considered recommendation rather than 
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none at all. The purpose of this Committee report is 
to (1) outline standards so that abstract formats can 
be designed for peer review, (2) inform the physician 
as completely as possible about the reasoning behind 
and the problems of these standards, (3) serve as an 
educational device for physicians and students, and 
(4) provide a basis for further revision of criteria. 
Prior to dissemination of these criteria, hospital and 
office surveys were made, and educational workshops 
were held. These criteria were accepted as standards 
for care of the hypertensive patient by the Albemarle 
County Medical Society on February 1, 1973. Subse- 
quently, another survey will be undertaken to deter- 
mine if physician education results in changes in the 
care of the hypertensive patient in hospital and of- 
fice practice. The ultimate success of these criteria 
will be based on the outcome of patients treated by 
these standards.1:? 


Definition of Hypertension 


A major problem in developing criteria for care is 
defining hypertension. Any definition is necessarily 
arbitrary due to (1) the unimodal distribution of 
blood pressure among the population,?® (2) the 
steady increase of morbidity and mortality with ris- 
ing systolic and diastolic pressure,?-9.9.19 (3) the lack 
of a defined blood pressure below which treatment 
unquestionably does not change the complication 
rate of high blood pressure,!! and (4) the variation of 
systolic and diastolic pressure with age.*® Some in- 
vestigators believe that a separate hypertensive pop- 
ulation exists.12:13 Londe!*.15 has studied the age- 
related distribution of blood pressure in children and 
has recommended that pressures above the 95th per- 
centile be considered abnormal. The World Health 
Organization recommends that blood pressure above 
160 mm Hg systolic or 95 mm Hg diastolic be con- 
sidered elevated.!$ 

This Committee recommends an age-related defi- 
nition as a working approach. Before age 15, Londe's 
guidelines are to be used for determining abnormali- 
ty of blood pressure in children. Sustained diastolic 
pressure of 90 mm Hg or greater in patients aged 15 
to 55 are considered abnormal. In patients over age 
55, the abnormal reading is set at greater than 100 
mm Hg. Sustained elevation of blood pressure is de- 
fined as three consecutive elevated pressure readings 
as an outpatient at no less than weekly intervals. In 
hospitalized patients blood pressure is reduced with 
bed rest; thus, any patient with an elevated blood 
pressure is to be followed as an outpatient to deter- 
mine the course of blood pressure. Hospitalized pa- 
tients with three of four diastolic pressure readings 
greater than 100 mm Hg on 2 successive days are to 
be considered hypertensive. Women with elevated 
blood pressure during pregnancy are to be evaluated 
6 weeks postpartum. Women with high blood pres- 
sure taking oral contraceptives are to discontinue 
taking them and to employ other forms of contracep- 
tion for 4 to 6 months before a diagnosis of any other 
form of hypertension is considered. 


Magnitude of the Problem — 


Hypertension is a major public health problem 
occurring in at least 10 percent of the population.17-20 


This rate varies somewhat from region to region. 
In Charlottesville, Virginia, screening of 750 adults 
revealed a 15 percent incidence. In the Orthopedics 
Clinic, 19 percent of new patients surveyed had dia- 
stolic blood pressure greater than 90 mm Hg. These 
studies revealed, as others have shown,?!:22 that 
more than half of these subjects were unaware of 
their blood pressure elevation. There is considerable 
evidence that elevated systolic or diastolic pressure 
is associated with increased morbidity and mortal- 
ity.3.4.9.10,17,22-34 Only one study has failed to show 
this relation for borderline elevations.?? Increased 
morbidity and mortality from stroke,27.28.30.31 con- 
gestive heart failure and ischemic heart dis- 
ease,9.17.26,29,30 and from renal failure have been 
clearly demonstrated.39 The risk of developing high 
blood pressure increases as the initial blood pressure 
increases.11.17.31,37,38 The Framingham study shows 
that other morbid events, such as sudden death and 
arrhythmias, are more common in the hypertensive 
than in the normotensive population. It has been 
shown, however, that hypertensive subjects with sup- 
pressed plasma renin (20 to 25 percent of the hyper- 
tensive population) have fewer cardiovascular com- 
plications than subjects with normal and high plasma 
renin concentration.?9 


Effects of Treatment on Hypertensive Morbidity and 
Mortality 


Present data indicate that less than 5 percent of 
the hypertensive population can be specifically treat- 
ed for hypertension.*°:41 At the present time, with 
the exception of patients with pheochromocytoma 
and aldosteronoma, this means surgical treatment. 
The remainder of hypertensive patients are treated 
in a nonspecific way with medications, although it is 
likely that classifying patients according to their 
renin type will lead to more specific medical treat- 
ment.39 The question now is not whether hyperten- 
sion should be treated but at what level. In patients 
with a diastolic pressure greater than 104 mm Hg it 
has been shown that decreasing the blood pressure 
decreases morbidity and mortality.11.22.24.37.42 The 
effect of treating patients with a diastolic pressure 
below 105 mm Hg has not been defined, but patients 
with a diastolic pressure of 85 to 104 mm Hg are 
definitely at a higher risk than the normotensive 
population. As explained in the Veterans Adminis- 
tration Cooperative Study, the lower the initial dia- 
stolic pressure the longer it takes for morbid events 
to occur.11.3? This is most likely the reason for the 
failure of that 5 year study to show a definite benefi- 
cial effect in treated patients with a diastolic pres- 
sure less than 105 mm Hg. For further limitations of 
the Veterans Administration study, see Proger.*? 
Studies are now underway to better define the lower 
level of blood pressure that will benefit from treat- 
ment. In the meantime a choice must be made be- 
tween (1) the risks of antihypertensive therapy, and 
(2) the risks of hypertension. These risks have been 
documented separately but not together. The Hyper- 
tension Committee recommends the lowering of 
blood pressure to normal levels in any patient less 
than 56 years old with a sustained diastolic pressure 
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of 90 mm Hg or greater, and any patient 56 years or 
older with a diastolic blood pressure of 100 mm Hg 
or more. However, in the older age group the deci- 
sion to treat or not to treat must be made in light of 
whatever end organ disease might be present, partic- 
ularly in patients with transient ischemic attacks. 
The reasons for not treating patients with hyperten- 
sion should be stated so that they may be tested in 
an effort to develop better guidelines. 


Recommendations for Quality Care 
Primary Prevention 


There is little opportunity to prevent the occur- 
rence of hypertension.** Many studies strongly relate 
obesity to hypertension, and this condition appears 
to offer the greatest opportunity for preven- 
tion.39.45.46 Chiang et al.45 extensively reviewed obes- 
ity in hypertension; intraarterial pressures document- 
ed that the higher prevalence of elevated pressures in 
obesity is not explained by increased arm circumfer- 
ence. The important factor may be the degree of 
obesity acquired from childhood to adulthood.3!.46 
The evidence relating salt intake to an increased oc- 
currence of hypertension has been reviewed®:4648 
and circumstantially suggests a difference in the 
prevalence of high blood pressure at the high and 
low extremes of salt intake.49 However, at this time 
there is no proof of a direct relation between salt in- 
take and hypertension. Exercise has been shown to 
reduce blood pressure in some people, but there is no 
evidence that it prevents hypertension.°° 

A familial aggregation of blood pressure in child- 
hood has been reported.5! Miall5? reviewed the he- 
reditary factors in hypertension and concluded that 
familial factors account for one third of the variance 
of systolic and one fifth of the variance of diastolic 
blood pressure. Population studies associate hyper- 
tension with blood type O, hemoglobin C and type A 
glucose-6-phosphate dehydrogenase deficiency 
suggesting polygenic inheritance.®* The role of genet- 
ic counselling remains unclear.1?.92-956 No evidence 
was found definitely relating life styles to hyperten- 
sioni?.57 but blood pressure was lower in nuns than 
in other women.98 

For primary prevention the Committee on Hyper- 
tension therefore recommends that patients be en- 
couraged to avoid obesity and to lose weight if obese. 


Case Finding and Referral 


A major problem in the care of the hypertensive 
patient is identifying him. Several studies have 
shown that more than one half of the subjects with 
hypertension are unaware that their blood pressure 
is elevated.18.21.22 The American Heart Association 
Inter-Society Commission for Heart Disease Re- 
sources has recommended community case finding 
efforts,9? and a variety of screening efforts for high 
blood pressure have been reported.14.15.20-22,60 The 
prevalence of hypertension in adults is approximate- 
ly 15 percent; the incidence in children may be as 
high as 2.3 percent.9! The necessity of blood pressure 
screening in children has been debated.92?-6* Appro- 
priate cuff size is necessary for children because too 
small a cuff generates false-positive results.95.96 


For screening purposes the Committee recom- 
mends that a single, casual blood pressure be taken 
with the subject in the sitting position, using a mer- 
cury monometer, a calibrated aneroid manometer or 
a blood pressure recorder; little advantage is gained 
when more than one pressure reading is taken.?! Ca- 
sual outpatient blood pressure is lower than pressure 
taken at home or work.9? The cardiac effects of high 
blood pressure appear to be more closely related to 
casual and existing blood pressure than to basal 
blood pressure.98 The cuff should cover about three 
quarters of the arm and fit snugly.95.96.69.70 The first 
and fifth Korotkoff sounds should be used unless the 
fifth sound is slow to disappear, then the fourth 
sound should be used for the diastolic pressure.71-73 
Causes of pseudohypertension other than small cuff 
size include aortic valve prosthesis,/* auscultatory 
gap, wide pulse pressure and the noncompressible 
brachial artery syndrome.7? 

'The Hypertension Committee recommends that at 
least one blood pressure reading be recorded during 
every hospital admission of patients of all ages and 
that every patient over 14 years of age have his blood 
pressure recorded on his initial visit to the office of 
any physician. A physician, regardless of his special- 
ty, is to record the patient's blood pressure at least 
once a year if he is the only physician following up 
the patient. All children under the age of 6 years are 
to have their blood pressure recorded at least once 
and between 6 and 14 years of age once every 
two years. If sustained hypertension is found, the 
physician is obligated either to refer the patient else- 
where or to evaluate and treat him. 

Other indications for referral if one is not qualified 
or equipped to care for the patient include (1) hyper- 
tensive emergencies, (2) special studies, and (3) fail- 
ure of drugs to normalize the blood pressure. The 
Inter-Society Commission for Heart Disease Re- 
sources lists hypertensive emergencies to be hyper- 
tensive encephalopathy, pulmonary edema, conges- 
tive heart failure, grade III to IV retinopathy, 
pheochromocytoma, dissecting or leaking aneurysm, 
cerebral or subarachnoid hemorrhage, eclampsia and 
preeclampsia or a diastolic pressure greater than 
150 mm Hg.7 Others have also classified eclampsia 
and preeclampsia as emergencies.79.77 


Diagnostic Evaluation 


Sustained elevation of blood pressure must be es- 
tablished before beginning a hypertensive workup. 
For an adult, this has been defined by this Commit- 
tee as three consecutive diastolic pressure readings of 
90 mm Hg or more if the subject is less than 55 years 
of age and 100 mm Hg or more if he is more than 56 
years of age, taken at least 1 week apart. It is recom- 
mended that evaluation of hypertension be made on 
an outpatient basis except for special procedures and 
hypertensive emergencies. Efforts should be made to 
obtain third party coverage for the initial evaluation. 

Medical history: A complete medical history 
should be taken for every hypertensive subject to 
help evaluate his overall health status. Specific ques- 
tions should be directed in search of a specific cause 
of hypertension and to assess end organ damage by 
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the high pressure. No specific symptoms are attrib- 
utable to high blood pressure itself. 

Adrenal causes: The symptoms that occur most 
frequently with pheochromocytomas are episodic 
headache, sweating and palpitations.78-79 Patients 
with aldosteronomas most frequently present with 
weakness, polyuria or polydipsia89.81; headaches, 
paresthesia and intermittent paralysis may also 
occur. In about 6 percent symptoms are absent.®1 

Patients with Cushing's syndrome usually present 
with truncal obesity, striae and plethora, and the di- 
agnosis can usually be made clinically.8? Patients 
with ectopic ACTH syndrome may present in an 
atypical fashion. Of patients with Cushing’s syn- 
drome, 85 percent are hypertensive. Mineralocorti- 
coid-producing adrenogenital syndrome should also 
be considered in children with hypertension. Such 
children may present with hypokalemia and related 
symptoms. 

Renal causes: There are many renal causes of hy- 
pertension. Parenchymal renal disease should be 
considered in all hypertensive patients, particularly 
acute glomerulonephritis in younger patients®! and 
chronic glomerulonephritis or pyelonephritis in 
adults. Occasionally these diseases may be present 
even when the urine is normal, but a history of he- 
maturia, polyuria, proteinuria, cystitis and edema 
should be sought.83 A history of renal stones or renal 
colie should be investigated because lower urinary 
tract obstructions may cause hypertension. Hyper- 
calcemia may also cause hypertension. There are no 
reliable historic points to help make a diagnosis of 
renal artery obstruction; some indications are a doc- 
umented acute onset of hypertension, a young pa- 
tient with hypertension or an older one with late 
onset of hypertension. A history of trauma to the 
flank area, particularly followed by hematuria, 
should suggest an arteriovenous fistula.9.96.84 Flank 
pain may also occur with a renal infarct either from 
an embolus or possibly from a thrombosis associated 
with renal artery stenosis.*i A history of familial 
renal disease and hypertension may lead to a diagno- 
sis of polycystic renal disease or hereditary nephritis. 
The role of the kidney in essential hypertension is 
still unclear,$? but through renin it may be involved 
in the cause of essential hypertension.3? Collagen 
vascular disorders may involve the kidneys and 
cause hypertension. A general question about arthri- 
tis and other symptoms of collagen vascular disor- 
ders is indicated. 

Coarctation: A history of heart murmur is impor- 
tant because 80 percent of the patients with coarcta- 
tion will have a heart murmur, usually a grade 2/6 
systolic ejection murmur along the left sternal border 
radiating into the back. This murmur seldom ap- 
pears before 1 year of age. Intermittent claudication, 
headaches or symptoms of circulatory congestion 
may also appear.56 

High cardiac output: High cardiac output associ- 
ated with thyrotoxicosis, Paget's disease, arteriove- 
nous fistula, anemia, beriberi and other disorders 
may elevate the systolic pressure. Increased blood 
viscosity found in polycythemia may also increase 
blood pressure. 87 +88 


Estrogens: What role the estrogens found in preg- 
nant women, and in women taking oral contracep- 
tives have in the development of hypertension is not 
clear. Women hypertensive before pregnancy may 
have a decrease or increase in blood pressure during 
pregnancy; commonly their blood pressure falls in 
the second trimester and increases in the third tri- 
mester. If proteinuria is also present, risk to the fetus 
is increased.8? Finnerty?? studied women with preec- 
lampsia or eclampsia and made a diagnosis of preex- 
isting hypertension in 71 percent, eclampsia or preec- 
lampsia in 15 percent, combination in 9 percent and 
postpartum hypertension in 5 percent. Of patients 
hypertensive before pregnancy, 69 percent remained 
hypertensive and 31 percent became normotensive. 
Hypertensive patients who became normotensive 
during pregnancy returned to the hypertensive state 
within 6 weeks postpartum; true eclamptic patients 
returned to the normotensive state within 6 weeks.9° 
Therefore, patients found to be hypertensive for the 
first time during pregnancy should be checked 6 
weeks postpartum for hypertension. The role of toxe- 
mia in the development of established hypertension 
is not clear.77.90-9* Pickering® has presented evidence 
that a higher than usual rate of rise of blood pressure 
follows toxemia of pregnancy for many years’ dura- 
tion. Many reports have related oral contraceptives 
to the development of hypertension.995-113 From ex- 
isting evidence it appears that "the pill" causes spo- 
radic cases rather than a uniform increase in blood 
pressure!!0—some studies indicate an incidence of 7 
to 15 percent. The cause has been attributed to an 
increase in renin substrate without appropriate feed- 
back suppression of renin.192.194 Wood18 has pre- 
sented evidence that essential hypertension develops 
in some of these patients after they discontinue tak- 
ing "the pill," thereby suggesting that this medica- 
tion has unmasked a tendency toward the develop- 
ment of hypertension. If hypertension develops, this 
medication should be stopped, and the patient 
should not be labeled hypertensive for 4 to 6 months. 
Unless the patient is severely hypertensive, she 
should merely be followed up during this period; di- 
agnostic workup and treatment are not indicated. 

End organ effects: The history should also be di- 
rected toward evaluating the end organ damage of 
the hypertensive process in the cardiovascular and 
renal systems. Symptoms and signs of congestive 
heart failure should be ascertained because hyper- 
tension is the cause of heart failure in 75 percent of 
such patients.114 In hypertensive patients, symptoms 
of congestive heart failure are associated with higher 
morbidity rates than those in normotensive pa- 
tients.1° Historic evidence for coronary artery disease 
should be sought. The incidence of angina pectoris, 
myocardial infraction, arrhythmia and sudden death 
is increased in hypertension.19.25.28 Severe chest, 
abdominal or back pain in a hypertensive patient 
should suggest dissecting aortic aneurysm.!1? Inter- 
mittent claudication in a hypertensive patient may 
indicate the development of severe atherosclerosis; 
this symptom can occur in patients with pheochro- 
mocytoma without peripheral vascular disease.116 
Neurologic symptoms should be looked for and may 
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or may not be due to hypertensive cerebrovascular 
disease. Visual changes due to retinal hemorrhages, 
exudates and papilledema may be due to hyperten- 
sion or to an intracranial tumor; sudden visual loss is 
most likely due to retinal artery thrombosis or embo- 
lism.117 The presence of permanent or intermittent 
deficiency of sensory or motor function, vision or 
coordination may indicate stroke or transient isch- 
emic attacks. Headaches are said to be more com- 
mon in hypertensive patients,!!15 but Waters found 
no significant difference in the occurrence of head- 
aches between the hypertensive and normotensive 
populations.119 

A family history of hypertension is more common 
in patients with essential hypertension than in those 
with most other forms of hypertension.® but it may 
also occur in other diseases that cause hypertension, 
such as hereditary nephritis and polycystic renal dis- 
ease. A strong family history of stroke, heart attack, 
claudication, aneurysm and renal failure are sugges- 
tive of familial hypertension. 

Physical examination: The physical examination, 
like the history, should be performed with the pur- 
pose of finding the cause of the hypertension and as- 
sessing end organ damage. The blood pressure 
should be taken on three different occasions at least 
1 week apart to document sustained hypertension, 
unless it is obvious from findings such as hemor- 
rhages and exudates in the fundi. Gross differences 
in pressure between the right and the left arm are 
unusual, but the difference is magnified with high 
blood pressure.7° Blood pressure and pulse rates 
should be compared in the arm and leg to rule out 
coarctation of the aorta.12°-121 In one series of 390 
patients pulses were absent in the leg, and a pressure 
gradient was found.!?! Aortoiliac disease may also 
give a pressure gradient.!?? The blood pressure 
should be taken with the patient in the upright posi- 
tion. An orthostatic drop in blood pressure may be 
marked in the presence of pheochromocytoma’? and 
other adrenal lesions!?3 as well as cerebrovascular 
disease, diabetic neuropathy and idiopathic ortho- 
static hypotension, or in patients receiving 
sympatholytic drugs. In late pregnancy postural 
changes may affect blood pressure.!?* The general 
appearance of the patient may reveal clues of Cush- 
ing's syndrome,32.125 obesity or thryotoxicosis. Fun- 
duscopic examination is invaluable in determining 
the severity of hypertension and its prognosis!26-128 
as well as in evaluating intracranial pressure.!?9 
Both fundi should be examined for arteriovenous 
compression, hemorrhages, exudates and papillede- 
ma. A “retinal sheen” in toxemia of pregnancy has 
been described.99 

The carotid and subclavian pulses should be pal- 
pated and neck bruits listened for. Clues of cerebro- 
vascular disease may be found.!39 The thyroid 
should also be examined. The heart should be care- 
fully examined; the location, diffuseness and dura- 
tion of the outward deflection may be a better guide 
to left ventricular size than either the electrocardio- 
gram or chest roentgenogram.1?! Ejection sounds are 
commonly heard in hypertension. An ejection mur- 
mur along the left sternal border also heard in the 


back suggests coarctation of the aorta. The patient 
should be examined for signs of circulatory conges- 
tion. Third heart sounds are commonly heard in hy- 
pertension and do not indicate a failing left ventricle, 
but a fourth heart sound does. The chest should be 
examined for rales. The following should also be 
evaluated: the jugular venous pulse, the liver for en- 
largement and pulsations, and the limbs for edema. 
The abdominal examination may also reveal a pul- 
sating mass due to aortic aneurysm, enlarged kid- 
neys due to polycystic disease or a displaced kidney 
due to an adrenal tumor. Checking the femoral, pop- 
liteal and pedal pulses will help in evaluating the ex- 
tent of peripheral vascular disease and the coarcta- 
tion of the aorta. Listening for bruits over the abdo- 
men is not specific enough to aid in the diagnosis of 
renal artery occlusive disease, but it is useful in de- 
tecting aortoiliac occlusive disease. The neurologic 
examination may help to determine either cerebro- 
vascular disease or an intracranial cause of hyperten- 
sion.28.129.132 Almost any disease that causes in- 
creased intracranial pressure may cause hyperten- 
sion. Posterior fossa lesions and particularly lesions 
of the floor of the fourth ventricle are apt to cause 
hypertension.133 The status of mentation, cranial 
nerves, motor and sensory systems, coordination, 
gait and station should be evaluated. 

Routine laboratory studies: Laboratory tests 
should also be carried out with the purpose of find- 
ing the cause of hypertension and assessing the end 
organ effects. Normokalemic primary aldosteronism 
has been described!35 and debated.!?* Existing evi- 
dence, however, indicates that primary aldostero- 
nism is most unusual in the presence of normal 
serum potassium, properly determined.5!.134 To rule 
out primary aldosteronism, administration of all drugs 
should be discontinued and dietary sodium intake 
should exceed 100 mEq/day for 14 days.50.136-138 
In the patient with primary aldosteronism, sodi- 
um loading results in a striking loss of potassium.!3? 
Hypokalemia in hypertension may be caused by syn- 
dromes other than primary aldosteronism, such as 
gastrointestinal losses, renal losses due to accelerated 
hypertension, renal artery stenosis, Cushing's syn- 
drome and diuretic drugs. Diuretic agents are a com- 
mon cause of hypokalemia; a simple way to rule out 
the presence of primary aldosteronism is to stop the 
administration of diuretics and to institute a diet 
high in sodium (more than 100 mEq/day of sodium 
in urine). If serum potassium levels return to normal, 
hyperaldosteronism is most unlikely. Patients with 
accelerated hypertension, renal failure or congestive 
heart failure should not be subjected to sodium load- 
ing. 

Measurement of blood urea nitrogen is a good ini- 
tial screen for kidney function, and a creatinine or 
creatinine clearance test may be substituted or per- 
formed if the blood urea nitrogen level is elevated. 

Serum glucose should be determined. Glucose tol- 
erance is abnormal in Cushing’s syndrome!*? and 
pheochromocytoma, 7? and may be caused by diuretic 
agents. Diabetes is also a common disease. The 
sequential multiple analyzer (SMA-6) test, when 
available, may be more economical to perform than 
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separate potassium, blood urea nitrogen and glucose 
tests. 

The hematocrit level and white cell count should 
be determined not only for general evaluation but 
alse to monitor future drug reactions. The hemato- 
crit decreases with renal failure,141 and polycythe- 
mia57.88 js associated with hypertension. The hema- 
tocrit value is significantly higher in the hyperten- 
sive than in the normotensive population.142 

Serum uric acid should be determined because of 
the increased incidence of hyperuricemia in hyper- 
tension!4? and the increase that occurs with oral di- 
uretic therapy.144 

Urinalysis should be performed with emphasis on 
the search for proteinuria, red and white cells, and 
casts. Proteinuria is more common in renal disease 
and may be important in the long-term prognosis of 
the hypertensive subject. Hematuria and proteinuria 
are common in malignant nephrosclerosis.10.145-147 
The role of urinary tract infection is still unsettled; 
in one study systolic pressure did not differ between 
women with and without bacteruria.98 

Urinary catecholamines should be determined to 
exclude the presence of pheochromocytoma in all hy- 
pertensive patients. Paroxysmal®? or sustained blood 
pressure may occur,® the latter more frequently. 
Symptoms may be absent or atypical.148 The diag- 
nosis is frequently made at autopsy.:*? Because of 
the occurrence of pheochromocytoma in young pa- 
tients and its difficulty in diagnosis, it seems justifi- 
able to determine the urinary catecholamine levels 
in all patients. Pheochromocytomas were found in 7 
of 1,177 consecutive hypertensive patients screened 
at the University of Virginia Hospital. The estimated 
cost of curing a patient with pheochromocytoma is 
$5,000 to $7,000, which seems justifiable for this po- 
tentially lethal disease. 

In about 90 percent of the patients with pheochro- 
mocytoma, the diagnosis may be made with one de- 
termination; more than one determination decreases 
the false-negative rate.15°-153 Causes of false-positive 
free catecholamines or metanephrines include ad- 
ministration of methyldopa, bronchodilators, nose 
drops or sprays.153 Surgical or psychiatric stress may 
increase free catecholamines. Monomine oxidase in- 
hibiters may decrease VMA and metanephrines, and 
foods containing p-hydroxymandilic acid may in- 
crease VMA. 

An electrocardiogram is indicated in all hyperten- 
sive patients; it is a valuable prognosticator!9.154 
and may change with treatment.!55 Left ventricular 
hypertrophy by electrocardiographic criteria corre- 
lates positively with heart size and systolic pres- 
sures.154 

The chest roentgenogram (posteroanterior and lat- 
eral views) is valuable for evaluating heart size and 
pulmonary vascular engorgement, and should be ob- 
tained in all patients. In coarctation, abnormal aorta 
and rib notching will be seen.114.156.157 


Special diagnostic procedures: There are many 
conceivable special studies that can be made fol- 
lowing the initial evaluation of the patient. The most 
common studies are discussed in this section. Since 
Goldblatt described renal vascular hypertension, 


many techniques have been devised to select pa- 
tients with renal artery stenosis from the hyperten- 
sive population. ; 

The hypertensive or rapid sequence intravenous 
pyelogram is the most common screening procedure 
in use today.*1.158-161 The available reports indicate 
that the incidence of a false-negative or false-positive 
result varies from 14 to 35 percent.91.162-164 Due to 
inconclusive evidence about the merits of the rapid 
sequence intravenous pyelogram as a screening pro- 
cedure, this Committee reviewed all the rapid se- 
quence intravenous pyelograms obtained in hyper- 
tensive patients between June 30, 1967 and July 1, 
1971, at the University of Virginia Hospital. Of 357, 
10 were judged positive. Renal arteriograms were 
positive in 3 of the 10. The renal vein renin was posi- 
tive in these three patients, of whom only one even- 
tually came to surgery. Because of the high rate of 
false-positive tests and the low yield rate, it is rec- 
ommended that the intravenous pyelogram be uti- 
lized in hypertensive populations only for the same 
indicators as in normotensive populations and not as 
a screening procedure. Other screening procedures 
(renogram) for renal artery stenosis also yield a sig- 
nificant number of false-positive and negative re- 
sults.193.164 These tests are expensive and not specif- 
ic enough to warrant their routine use. 

Renal arteriography: At the present time this 
Committee does not believe that any screening pro- 
cedure is specific and reliable; therefore we recom- 
mend that renal arteriography be used to search for 
renal artery stenosis in a defined subgroup of the hy- 
pertensive population. Morbidity and mortality due 
to renal arteriography are relatively low.195 At pres- 
ent, the indications for renal arteriography are de- 
batable.157,159-172 Liberal indications require only 
that hypertension be present17° or that a hyperten- 
sive patient be able to withstand surgery if a lesion is 
found.16* Support is given for obtaining an aorto- 
gram if the intravenous pyelogram suggests the pres- 
ence of renal artery stenosis,19.163.166 malignant hy- 
pertension,!7? sudden onset of hypertension, 19.41.171 
or sudden worsening of hypertension.!72.17* Other 
indications are patient age91.52.132 and abdominal 
bruits.1793177 Abdominal bruits were found in 64 per- 
cent of patients with proven renal artery stenosis! 
but they have also been found in 28 percent of unse- 
lected hypertensive patients and in 16 percent of 
normotensive patients.!76 Since a review of the liter- 
ature did not permit firm definition of the criteria for 
renal arteriography, this procedure was reviewed in 
the University of Virginia Hospital. Of 185 renal ar- 
teriograms obtained between July 1, 1967, and June 
30, 1972, 18 were considered to show significant ste- 
nosis. In these 18 cases, renal vein renin tests were 
negative in 5 patients and positive in 13. All these 
patients underwent surgery, but only four were com- 
pletely cured. After review of these data it was de- 
cided that no firmly based criteria could be made, so 
arbitrary ones were set. It is recommended that a 
renal arteriogram be obtained in all hypertensive 
patients less than 25 years old (especially female pa- 
tients in whom fibromuscular dysplasia is more com- 
mon)*1.113.162.178 or all patients with malignant hy- 
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pertension, with documented sudden onset of hyper- 
tension (less than 1 year), or sudden worsening of 
hypertension. These criteria will be revised as new 
data become available. 

The incidence of urinary tract infection has not 
been found to be higher in the hypertensive than in 
the normotensive population; therefore, it is recom- 
mended that urinary cultures be reserved for pa- 
tients suspected of having a urinary tract infection. 

Aldosterone determinations: Primary aldostero- 
nism is an uncommon syndrome. The hallmark is an 
increase in aldosterone secretion in the presence of 
suppressed plasma renin during high dietary sodium 
intake. The occurrence of primary aldosteronism in 
the presence of a normal plasma potassium has been 
debated. Salt-loading in patients with primary aldo- 
steronism accelerates potassium loss and produces 
hypokalemia. Patients with normokalemic primary 
aldosteronism have been seen who have selected a 
very low dietary sodium intake, but when they were 
challenged with a high dietary salt intake they be- 
came hypokalemic.134.135.139.179.180 This Committee 
recommends that aldosterone determinations be 
made only in patients not receiving drug therapy 
who have hypokalemia on a high dietary sodium in- 
take and a low plasma renin concentration on a low 
dietary sodium intake for 4 days (10 mEq/day). 

Plasma and urinary corticosteroid studies should 
be made only if Cushing's syndrome is suspected 
from the appearance of the patient. 


Plasma renin: The measurement of plasma renin 
activity is becoming increasingly important in the 
care of the hypertensive patient because it is very 
helpful in evaluating patients with primary aldoste- 
ronism; renal vein renin activity is very useful in 
evaluating patients with renal artery stenosis. These 
samples should be obtained at the time renal arteri- 
ography is performed. A ratio of 1.0 to 1.5 or greater 
is associated with a good surgical result. Salt restric- 
tion may increase the reliability of this procedure by 
increasing the ratio.192.181.182 Plasma renin activity 
is also used to evaluate the role of renin in hyperten- 
sion in patients with renal failure. It has also been 
shown that patients with essential hypertension have 
different plasma renin concentrations. About 25 per- 
centi83 of hypertensive patients have low plasma 
renin activity and minimal increases with the stimu- 
lus of a low sodium diet and diuretics. The remain- 
der of the patients with essential hypertension have 
either normal or high renin levels. These patients re- 
spond differently to the administration of drugs. It 
may be advantageous in the future to type these pa- 
tients according to their renin levels in order to treat 


more specifically patients with essential hyperten- 
sion.39.184 


Treatment of Hypertension 


This Committee recommends that treatment, 
whether surgical or medical, be classified as success- 
ful only if the blood pressure is decreased to normal 
levels (defined previously). If blood pressure cannot 
be lowered to “normal” or if the physician elects not 
to treat the patient, the reason should be stated in 


the record. Any significant decrease in blood pres- 
sure, however, appears to be beneficial to the pa- 
tients 

Surgery: It is recommended that patients with 
surgically correctable causes of hypertension 
undergo surgery unless contraindications are 
present, such as prior medical condition of patient or 
age. Patients with hypertension due to renal artery 
stenosis who respond to drug therapy may be man- 
aged medically.185 If a patient is not operated on, 
the reason for this should be recorded. Sympathec- 
tomy, which has been used extensively in the past in 
patients with severe essential hypertension, is rarely 
used in present therapy. It is recommended that it 
be considered only when effective medical therapy 
cannot be carried out for reasons such as multiple 
drug sensitivities, economic or geographic consider- 
ations or poor cooperation from the patient.156 


Drug therapy: All patients with elevated blood 
pressure, except those treated with surgery, should 
be given drug therapy unless it is contraindicated. 
The mode of treatment at the present time is non- 
specific, but the use of renin typing holds promise for 
more specific treatment in the future. It has been 
shown that patients with low renin essential hyper- 
tension have expanded extracellular fluid volume!5* 
and respond to the administration of spironolactone 
and other diuretic agents with a decrease in fluid 
volume and blood pressure, whereas patients with 
normal or increased plasma renin essential hyperten- 
sion show no significant change in volume or blood 
pressure but do respond to the administration of 
propranolol with a reduction in plasma renin and 
blood pressure.184 At present it is not practical to 
approach treatment in this manner because no reli- 
able methods for measuring plasma renin activity 
are readily available as yet, and propranolol has not 
been approved by the Food and Drug Administration 
for the treatment of hypertension. It is therefore rec- 
ommended that therapy be initiated with an oral di- 
uretic agent, usually a thiazide or chlorothalidone. 
When complications occur, spironolactone may be 
added or substituted.187 Oral diuretic drugs other 
than spironolactone increase the incidence of clinical 
gout in the hypertensive population.!55 Considerable 
debate exists over which of the antihypertensive 
drugs should be added to diuretic therapy.!59 The 
Committee recommends that each physician use the 
ones he is most familiar and successful with. The ap- 
proved drugs are reserpine, methyldopa, hydralazine 
and guanethidine. Side effects of the drugs being 
used and the diastolic pressure are the titrators dur- 
ing therapy. If success is not obtained with one drug, 
then all available drugs and dosages should be tried, 
separately and together, in an attempt to achieve a 
normal blood pressure. 

The relation of psychological stimuli and high 
blood pressure has been debated.!*.159 There is no 
support for giving central nervous system depres- 
sants to all hypertensive patients. This Committee 
recommends that such agents be used as indicated 
for the remainder of the population. Substantial 
numbers of patients, usually those with labile hyper- 
tension,17.192,190-192 have mild to moderate eleva- 
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tions of blood pressure due to increased cardiac out- 
put. Most patients with established hypertension 
have normal cardiac output.®8 Propranolol therapy 
has been suggested for the hypertensive patients 
with high cardiac output, but since this drug has not 
as yet been approved for this purpose, it is recom- 
mended that sympatholytic drugs such as methyldo- 
pa be used instead. 

Compliance with drug treatment by the patient is 
a major problem in blood pressure control.?! Practic- 
ing physicians should be aware of this and should 
keep a record of the amount of medications being 
taken by the patient. Patient education and avail- 
ability of care is important to obtain compliance. 
Special attempts should be made to educate the pa- 
tient in this regard, such as disseminating pamphlets 
prepared by the American Heart Association. Un- 
doubtedly larger scale educational efforts through 
news media will also be necessary in order to im- 
prove patient cooperation significantly. 

Many parenteral drugs are available for use in hy- 
pertensive emergencies. These include diazoxide, sodi- 
um nitroprusside, hydralazine, methyldopa, reser- 
pine and ganglionic blocking agents such as pento- 
linium or tremethaphan. It is also usually helpful to 
give the patient a diuretic at the onset of therapy, of 
which the loop diuretics furosemide and ethacrynic 
acid are the most effective. When approved for use, 
propranolol is also very effective through its ability 
to reduce plasma renin. The combination that would 
appear to be most effective when available is furo- 
semide, particularly if volume is expanded due to 
renal or heart failure, propranolol to suppress renin 
and to block reflex sympathetic stimulation of the 
heart, and diazoxide to vasodilate the arterioles. 


Follow-Up and Rehabilitation 


Patients undergoing antihypertensive therapy 
should be followed up frequently (every 2 to 3 weeks) 
until their blood pressure is stabilized, then every 3 
months. Attention should be focused on their overall 
health and general cardiovascular and renal status, 
blood pressure and possible side effects from antihy- 
pertensive therapy, and the possible need for adjust- 
ment of medications. 

Side effects of drug therapy: Side effects of di- 
uretic agents are mainly hyperuricemia and hypo- 
kalemia.193 Significant reduction of serum potassium 
has been estimated to occur in 25 percent of patients 
taking thiazide diuretic drugs.1?* This was not found 
to be indicative of primary aldosteronism in one se- 
ries of 75 patients.19 If hypokalemia develops in a 
patient receiving thiazide diuretics who has not been 
previously evaluated for primary aldosteronism, 
his serum potassium should be determined 
after discontinuing the diuretic therapy and giv- 
ing him a high dietary sodium intake. Potassium 
supplementation or spironolactone may have to be 
given if symptoms of hypokalemia occur, particularly 
if the patient is taking digitalis. Enteric-coated po- 
tassium preparations should not be given because of 
the possible occurrence of circumferential bowel ul- 
cers.196 Hyperuricemia occurs in 22 percent of hyper- 
tensive patients taking oral diuretic agents, and clin- 


ical gout occurs in 15 percent of these hyperuricemic 
patients.188 In another series of patients taking chlo- 
rothalidone, 0.8 percent had gouty arthritis.197 Gout 
ean occur even when uric acid levels are normal; 83 
percent of patients had gout when the uric acid was 
above 9 mg/100 ml.198 The risk of asymptomatic hy- 
peruricemia is still uncertain, thus making it unclear 
whether or not asymptomatic hyperuricemia should 
be treated.199 Spironolactone may be substituted for 
other oral diuretic agents if gout becomes a problem, 
or treatment of gout with probenecid or allopurinol 
may become necessary. 

The most common limiting side effect of guaneth- 
idine is postural hypotension, particularly when the 
drug is initiated in large doses.87:186 In male patients 
ejaculation into the urinary bladder may occur, and 
this may cause psychogenic impotence.8? Fluid re- 
tention?8® and diarrhea may occur.?9? Worsening of 
congestive heart failure has been reported. This drug 
is contraindicated in patients with pheochromocyto- 
ma. 

Reserpine has a high incidence of complications 
that include lethargy (16 percent), nasal congestion 
(21 percent), drowsiness (9 percent), dreams, night- 
mares, weight gain, peptic ulcerations, colitis, diar- 
rhea and mental depression, which may be very se- 
vere, 186.201 

Methyldopa may cause drowsiness, fever and, 
rarely, drug hepatitis.?9? The incidence of positive 
Coombs' tests, approximately 15 percent, is drug-re- 
lated and may increase to 25 to 36 percent in pa- 
tients taking 750 to 2,000 mg/day. Hemolytic ane- 
mia may occur in up to 2 percent of patients. A posi- 
tive Coombs' test may remain positive up to 6 
months after administration of the drug is discontin- 
ued 202-208 

Hydralazine may cause pounding of the heart, an- 
gina pectoris and hot flashes. It may invoke conges- 
tive heart failure in susceptible persons. It is also the 
largest known cause of drug-induced lupus syn- 
drome. It is dose-related but may occur with as little 
as 75 mg/day.??9 In one series of patients, clinical 
lupus developed in 31 percent of those receiving 200 
mg/day or less.?!9 All symptoms of lupus erythema- 
tosus may occur. Antinuclear antibodies have been 
observed.?11,212 

The potential harmful effects of monoamine oxi- 
dase inhibitors are great enough to limit their useful- 
ness. Special attention should be paid to tyramine- 
containing foods and hypertensive crisis, Darvon® 
and hypotension, and imipramine and hyperthermia. 

It is recommended that the following six items be 
checked in the 3 month follow-up visit: (1) a record 
of blood pressure in both the supine and upright po- 
sitions, (2) a review of the cardiovascular and renal 
status, (3) a record of side effects appropriate to the 
particular antihypertensive therapy, (4) a brief check 
of the patient's overall health, (5) test for SMA-6 
(blood urea nitrogen, potassium and glucose), and 
urie acid and (6) a decision concerning medication 
adjustment. After 2 years of follow-up study, an 
SMA-6 and uric acid determination may be obtained 
every 6 months or when symptoms appear. In addi- 
tion, the following studies should be obtained every 2 
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years: hematocrit, white blood cell count, urinalysis, 
electrocardiogram, and chest roentgenogram. These 
will help to monitor end organ effects of hyperten- 
sion and drug idiosyncrasies. 


Priorities of Care 


The goal of this Committee is to identify quality 
standards of care for the hypertensive patient. For 
many reasons, maximal standards of care may not be 
realized. The following is a rank order of priorities 
when maximal care cannot be rendered: (1) Record 
blood pressure and refer patient elsewhere if neces- 
sary. (2) Prescribe antihypertensive drugs and follow 
up patient in the manner described. (3) Refer hyper- 
tensive patients refractory to drug therapy for de- 


tailed evaluation. (4) Complete routine diagnostic 
evaluation. (5) Encourage all obese patients to lose 
weight. 

Numbers 1, 2, and 3 are considered the minimal 
acceptable standards of care for the hypertensive pa- 
tient. Reasons for not rendering maximal care for a 
patient should be given in the record so that prob- 
lems of care for the hypertensive patient can be 
identified. 
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Standardization of blood pressure measurements is critical for the 
implementation of screening programs, and especially so for a multi- 
center, collaborative investigation of community blood pressure con- 
trol. This need arises from numerous well known sources of variabil- 
ity in blood pressure measurements, some of which are attributable 
to performance characteristics of instruments and observers. A 
number of instruments have been developed in recent years with the 
aim of overcoming certain aspects of this measurement variation. 
Consequently, the Coordinating Center of the National Heart and 
Lung Institute Hypertension Detection and Follow-up Program 
(HDFP) undertook to evaluate several of these devices in order to 
permit selection for this Program of optimal methods of blood pres- 
sure measurement. The mercury sphygmomanometer, which is the 
basis of most available epidemiologic data on blood pressure, was 
taken as the standard. 

In the first experiment, based upon a Graeco-Latin square design, 
none of the five automated devices tested compared favorably with 
the standard mercury sphygmomanometer, as judged by the mean 
values of multiple readings for each of the two specimens of each 
device. In a series of paired readings, all but one of the automated 
devices showed marked deviation from readings by the standard 
mercury sphygmomanometer. Qualitative observations on machine 
performance were also recorded and indicated serious operating dif- 
ficulties with several devices—including, unfortunately, the device 
that had performed well in the second experiment. 

For the purposes of the Program, none of the automated devices 
tested performed adequately to recommend their substitution for the 
standard mercury sphygmomanometer. A modified type of mercury 
sphygmomanometer, designed to reduce observer bias, was includ- 
ed in this evaluation, did compare well, and will be used by the Pro- 
gram in conjunction with the standard device. 


Indirect measurement of blood pressure is subject to many sources of 
error which, in addition to intraindividual variability, limit the accu- 
racy of classification by blood pressure readings.!.? For the purpose 
of classification of persons in epidemiologic studies and community 
programs, as well as for clinical applications, control over certain 
sources of error has been an objective in the development of new 
measurement devices. Such efforts have led, for example, to the ap- 
plication of ultrasound reflectance for the detection of arterial blood 
flow, transduction of acoustic signals to various devices for perma- 
nent visual recording of blood pressure readings, and automatic con- 
trol over inflation and deflation of the cuff.3.4 

For the National Heart and Lung Institute’s Hypertension Detec- 
tion and Follow-up Program (HDFP), a national collaborative com- 
munity intervention program to control blood pressure, it was par- 
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TABLE | 


Characteristics of Selected Devices for Measuring Blood Pressure 


nea 


Arteriosonde Arteriosonde Boston Automatic Physiometrics Sears Random-Zero Baumanometer 


a ES ———— 


Characteristics 1010 1216 Recorder (USM-105) (1080) (Hawksley) (0300, V-lock) 

Diastolic reading capability, phase IV IV IV,V IV V IV,V IV,V 
Based on Korotkoff sounds No No Yes Yes Yes Yes Yes 
Permanent record No No* Yes Yes Yes No No 
Portable+ Yes No Yes Yes Yes Yes Yes 
Electric power required Yes Yes Yes Yes Yes No No 
Battery capability Yes No No No Yes ah x 
Inflation rate preset No Yes No Yes No No No 
Inflation peak preset No Yes No No No No No 
Deflation rate preset No Yes Yes Not Yes Yes No 
Auditory dependence Yes No No No No Yes Yes 
Manometer reading required Yes Yes No No No Yes Yes 
Manometer type Aneroid Mercurial Mercurial Aneroid Aneroid Mercurial Mercurial 
Unit cost ($)$ 1850 2975 1500 1035 200 325 44 


rM es a ie a ee ot eee 


* Permanent recording obtainable with the Arteriosonde 1216 by addition of a strip chart recorder (model 1508, at a unit price of $1,980); 
not tested in this evaluation. 

+ Portability judged by weight and casing design only; standard weight of the Arteriosonde 1216 is 40 Ib. 

t Deflation rate for the Physiometrics device controlled by a manual knob found to require frequent adjustment, and theretore not 
considered fixed. 

§ Amounts shown do not necessarily reflect costs at volume purchase; costs for additional supplies or equipment (for example, 


recording charts, conducting gel, stethoscopes) not included. 


ticularly important to select optimal, standardized 
methods of measuring blood pressure. Therefore, 
early in 1972 the HDFP Coordinating Center in the 
University of Texas School of Public Health, Hous- 
ton, was asked to evaluate some of the newer auto- 
mated devices for measuring blood pressure. The 
major criteria evaluation were: suitability for use in 
a clinic screening examination among ambulatory 
adults; reliable operation during periods of continual 
use over several hours; similarity between measure- 
ments by multiple specimens of the same type of de- 
vice; and degree of agreement with readings deter- 
mined by the standard mercury sphygmomanometer. 
All of the devices selected by the HDFP Steering 
Committee and the National Heart and Lung Insti- 
tute were believed to meet the first of these require- 
ments; the remaining ones were the subject of the 
evaluation reported here. 


Methods 


Devices Tested 


Five automated devices were evaluated: the Arterio- 
sonde Model 1010, Arteriosonde Model 1216, Boston Au- 
tomatic Recorder, Physiometrics Model USM-105 and 
Sears Model 1080. In addition to the standard mercury 
sphygmomanometer (Baumanometer 300), another device 
was tested (Random-Zero [Hawksley]). It was similar in 
principle to the standard sphygmomanometer but had the 
special feature of obscuring the true zero level for a given 
reading until the systolic and diastolic values were read. 
Two specimens of each device were obtained for this eval- 
uation. Certain of their characteristics are described here, 
and others in Table I. 

Arteriosonde 1010: This device operates on the princi- 
ple of variation in reflection of an ultrasonic beam as lat- 


eral arterial wall movement changes with the blood flow. 
Application of a conductive gel is required. The ultra- 
sound impulses are converted to resemble Korotkoff 
sounds, which may be heard through the headset, as used 
in this evaluation, or over a loudspeaker. Pressures are 
read from an aneroid manometer. The machine operates 
from either a battery or a wall circuit. The Arteriosonde 
1010 has been used primarily in children.> 

Arteriosonde 1216: Similar in principle to model 1010, 
this device registers systolic and fourth-phase diastolic 
pressures directly on parallel mercury columns by stop- 
ping the falling mercury at levels determined automati- 
cally.5.6 

Boston Automatic Recorder: This device detects Ko- 
rotkoff sounds with a special microphone, amplifies and 
then converts them to mechanical impulse spikes recorded 
on electrocardiographic paper. The pressure levels are 
then read by reference to standard calibration square 
waves designed to appear at specified levels determined 
by the falling mercury in an internal manometer column. 
An external aneroid manometer is also provided. (At the 
time of testing, this device was not in commercial produc- 
tion.)? 

Physiometrics (USM-105): This device detects Korot- 
koff sounds by microphone and converts them to mechan- 
ical signals recorded by an ink stylus on a circular gradu- 
ated disk. The machine may be used with a special rigid 
cuff designed for application to the right arm only; be- 
cause readings on both arms were required in this evalua- 
tion, the alternative standard soft cuff was used on both 
arms. At the time of evaluation, the manufacturer recom- 
mended reading only systolic and fourth-phase diastolic 
pressure; however, a procedure for obtaining fifth-phase 
readings has since been described. 

Sears (1080): The Sears device was designed primarily 
for self-administered blood pressure readings by persons 
with hypertension. After manual inflation of the cuff, the 
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FIGURE 1. 7 by 7 Graeco-Latin square design (1st square). 
Rows across. = participants; columns down = order of observa- 
tion; Latin letters — observers; subscripts — devices. 


wearer switches a control lever to the recording phase, 
'during which deflation is automatically controlled, and 
the recording is made by a stylus on pressure-sensitive 
paper. Only systolic and fifth-phase diastolic pressures are 
recorded.9:10 

Random-Zero (Hawksley): This device is in principle 
similar to the Baumanometer, except that a mechanical 
device interposed between the mercury reservoir and ma- 
nometer column draws various amounts of mercury into 
an expandable chamber. This modification has the effect 
of obscuring the true zero level of mercury until the end of 
the reading as well as “blinding” successive readings to 
the observer.11.12 

Baumanometer 300: This is a portable model of a stan- 
Gard mercury sphygmomanometer.13 


Design 


Two experimental designs were devised, the first of 
which was a multiple 7 by 7 Graeco-Latin square design 
(Fig. 1). Rows correspond to participants, columns to 
order of observation, Latin letters to observers and sub- 
Scripts to devices. Thus, for example, the first partici- 
pant's first reading, as shown in this figure, was by Ob- 
server C, using device number 6 (the Random-Zero). 
Many such squares can be constructed, each with the 
property that each Latin letter and each subscript occurs 
ence and only once in each row and each column, and 
that each of the 49 pairs consisting of a specific Latin let- 
ter and a specific subscript occurs once and only once. 
Three such squares were randomly selected, two for the 
basic experiment and a third for subjects selected for 
higher than usual blood pressure levels. 

For each of the 49 cells in each square, four blood pres- 
sure readings were recorded, one on each arm with each of 
the two specimens of each device. A typical cell is shown 
in Figure 2. The possible sequences—beginning with the 
right or left arm, using the first or second specimen of a 
given device—were assigned randomly to each cell in each 
of the three 7 by 7 squares. Thus, in this experiment, a 
participant, observer and machine type would come to- 
gether in a predetermined order, and the observer would 
carry out the prescribed sequence of readings for that 
subject with the two specimens of that machine. Poten- 


Reading Order 





1st 2nd 
Right Arm Specimen 1 Specimen 2 
Left Arm Specimen 2 Specimen 1 





FIGURE 2. Typical cell of 7 by 7 Graeco-Latin Square. 


tially, each replication would thus yield 28 readings for 
each participant, for each order, for each observer, and 14 
readings for each specimen of each device, for systolic 
pressure and whatever numbers of diastolic readings the 
devices allowed. Even though incomplete for diastolic 
readings, the geometry of the design guarantees that the 
means for machines providing a given end point are bal- 
anced across observers, participants and orders. 

In a second experiment, a series of eight readings were 
made with each operating specimen of each of the five au- 
tomated devices for comparison with paired readings on 
the Baumanometer. Means and variances of available 
readings on all five automated devices were compared 
with those on the standard mercury sphygmomanometer. 
The paired t test was used in evaluating the comparisons 
between means. 


Implementation 


Eight observers were selected from the Coordinating 
Center staff and students of the School of Public Health in 
Houston. One physician and one nurse were included and 
were the only observers with experience in blood pressure 
determination. Training materials included the American 
Heart Association pamphlet, ‘Recommendations for 
Human Blood Pressure Determination by Sphygmoma- 
nometers,"1* the U. S. Public Health Service film, “Prac- 
tice Blood Pressure Readings" (U. S. National Audiovisu- 
al Center Catalog no. M-1582) and specific instructions 
for use of each device. Through use of these aids, the ob- 
servers were trained to record blood pressures with each 
instrument, in both the right and left arms, with the 
subjects in the sitting position. The training period lasted 
16 days before the initial definitive test was made. At 
least 25 determinations were performed by each observer 
on each device during this period. Training for familiari- 
zation with the experimental procedures was also carried 
out, with one full replication of the experimental design 
conducted in advance of the definitive test. 

Training did not go beyond those aspects required for 
blood pressure reading per se; the observers were not pre- 
pared to maintain, calibrate or otherwise support the op- 
eration of the devices beyond requirements for blood pres- 
sure measurement. Further, all manufacturers! or devel- 
opers' representatives were deliberately excluded from the 
training program, as well as from the conduct of the eval- 
uation, to prevent any potential biasing effect. Specific 
requests for such involvement were denied. 

Twenty-one participants were recruited from the School 
of Public Health community, providing seven persons for 
each of the three replications of the first experiment. For 
the third replication, persons whose fourth-phase diastolic 
pressure reading was 90 mm Hg or higher at preliminary 
screening were selected. 

The experiment was carried out in two research trailers 
situated between the School of Public Health building 
and the offices of the Coordinating Center. The parti- 
tioned trailers offered seven separate rooms in which to 
locate the two specimens of each device. Characteristics 
leading to potential interference were taken into account 
in locating the stations so that, for example, sounds pro- 
duced by one device would not impair readings depending 
on the observer’s perception of sounds from another de- 
vice. In both of these experiments, the series of readings 
for each sequence per subject was completed in a single 
sitting. The readings were separated only by the time re- 
quired for the recording and for rearranging the device, 
subject, or both, to permit the next reading. 
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TABLE II 


Comparison of Other Devices with Baumanometer According to Dunnett's Procedure, for Systolic Means (mm Hg) 











Arteriosonde Arteriosonde Boston Automatic Physiometrics Sears Random-Zero ^ Baumanometer 
Data 1010 1216 Recorder (USM-105) (1080) (Hawksley) (0300) 

Squares 1 & 2 

x 111.9 100.3 110.7 110.1 98.0 110.3 112.0 

d —0.1 —11.7* —1.3 —1.9 —14.0* —1.7 ES 
Critical values d'o.05,141 = 2.66 5/2(33.58)/6 = 8.89 doors = 3.21 0 2(33.58)/6 = 10.74 
Square 3 

x 122.7 113.21 118.3 118.0 108.8 120.9 121.6 

d 13 —8.4t —3.3 —3.6 —12.8* —0.7 ae 
Critical values d'o.95.72 = 2.70 / 2(37.45)/6 = 9.54 d!o.o1,72 = 3.28 0 2(37.45)/6 = 11.59 

* P « 0.01 


+ Observations for specimen 2 only. 


TABLE Ill 


Comparison of Devices for Measuring Blood Pressure by Graeco-Latin Square Design, for Systolic Means (mm Hg) 








Arteriosonde ^ Arteriosonde Boston Automatic Physiometrics Sears Random-Zero Baumanometer 
Square Specimen 1010 1216 Recorder (USM-105) (1080) (Hawksley) (0300) 
1 1 104.0 101.4 107.7* 104.7 93.3 103.1 103.8 
2 106.4 92.8 104.0 106.7 89.7 102.0 105.6 
2 1 117.7 102.4 k 116.3 104.9 116.7 119.9 
2 119.6 104.6 118.3 112.4 104.1 119.1 118.9 
3 1 120.7 t 1 120.0 110.1 119.9 123.4 
2 124.7 112.4 119.4 116.0 106.1 122.0 121.0 
Overall 1 114.1 101.91 107.7* 113.6 102.8 113.2 115.7 
2 116.9 103.3 113.9 111.7 100.0 114.4 115.2 
Combined 115.5 102.7 113.5 112.6 101.4 113.8 115.4 





* Mean of three observations. 
+ No observations due to failure of specimen 1. 
1 Mean of 28 observations. 


TABLE IV 


Comparison of Devices for Measuring Blood Pressure by Graeco-Latin Square Design, for Diastolic Means, Phase IV (mm Hg) 


Lung Cows. [o e M Ur re e MM 


Arteriosonde Arteriosonde ^ Boston Automatic Physiometrics Random-Zero Baumanometer 


Square Specimen 1010 1216 Recorder (USM-105) (Hawksley) (0300) 
CEN STR OU Ed Hc eres 2E SINON OT EP a M X Set C S ENEMIES CO EL EU E 
1 1 60.9 70.7 76:3* 73: 77.1 77.9 
2 60.9 64.9 71.9 69.7 74.9 80.7 
2 1 66.9 65.7 T 71.3 79.9 85.6 
2 69.1 68.3 71.9 72.3 81.6 85.7 
3 1 69.1 T t 79.1 88.8 85.7 
2 63.7 73.7 71:9 73.0 89.0 91.0 
Overall 1 65.6 68.21 76.3* 76.5 81.9 83.1 
e 64.6 69.0 75.9 71.7 81.8 85.8 
Combined 65.1 68.7 75.9 74.1 81.8 84.4 





* Mean of three observations. 
+ No observations, due to specimen 1 failure. 
i Mean of 28 observations. 
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Results 
Measurement 


The analysis of variance for systolic readings on 
the seven machine types showed that there was a 
statistically significant difference due to the machine 
main effect at a = 0.01. In light of this result, mean 
systolic readings for the other devices were compared 
with those for the Baumanometer by Dunnett’s pro- 
cedure (Table II). (This procedure enables the experi- 
menter to compare properly the means for several 
distinct groups with that for a single “control” 
group, here represented by the readings by the 
Baumanometer.) With the exception of the Arterio- 
sonde 1010 in square 3, all devices gave lower sys- 
tolic readings, on the average, than the Baumanome- 
ter. For the Arteriosonde 1216 in the combined 
squares 1 and 2, and for the Sears device in both 
comparisons, the differences from the Baumanome- 
ter readings were significant at the 0.01 level. 

The next question was whether the two specimens 
of each device gave comparable readings. Tables III, 
IV and V present the mean values for systolic, 
fourth- and fifth-phase diastolic readings, when 
available, for each specimen of each device, sepa- 
rately for each of the three replications of the 
Graeco-Latin square design, and for the three repli- 
cations combined. Unless otherwise noted, the mean 
for each specimen is based on 42 observations. Com- 
parison of the overall results for systolic readings 
(Table III) showed the Baumanometer to have the 
closest agreement between means for the two speci- 
mens; for the other devices suitable for comparison, 
the differences were not large. The mean value for 
both specimens combined, taking account of all sys- 
tolic readings for this experiment, showed that read- 
ings obtained with the Arteriosonde 1216 and the 


TABLE V 


Comparison of Devices for Measuring Blood Pressure, 
by Graeco-Latin Square Design, for Diastolic Means, 
Phase V (mm Hg) 





Boston Random- Bauma- 
Automatic Sears Zero nometer 





Square Specimen Recorder (1080) (Hawksley) (0300) 
1 1 67.0* 58.1 73.7 75.6 

2 63.3 52.6 70.4 78.6 

2 1 t 66.9 77.4 81.4 

2 69.3 55.7 78.7 82.0 

3 1 t 69.9 85.3 82.7 

2 67.0 65.3 85.7 87.6 

Overall 1 67.0* 65.0 78.8 80.0 
2 66.5 57.9 78.3 82.7 


Combined 66.5 61.4 78.6 81.3 





* Mean of three observations. 
t No observations due to failure of specimen 1. 


Sears device differed markedly from the readings ob- 
tained with all other devices, consistent with the sta- 
tistical test described. Comparison of the overall re- 
sults for fourth-phase diastolic readings (Table IV) 
showed the Random-Zero device to have the closest 
agreement between specimens; only the Physiome- 
trics device showed large disagreement between 
specimens. Comparison of combined overall average 
readings among machines showed that the Random- 
Zero device yielded readings closest to the Bauma- 
nometer readings, whereas all other devices gave 
substantially lower overall mean readings. Compari- 
son of the overall results for fifth-phase diastolic 
readings (Table V) showed the Random-Zero device 
again to have the closest agreement between speci- 
mens, whereas the Sears machine showed a large 
disagreement between specimens. Again, agreement 
between the Baumanometer and Random-Zero de- 
vices for combined overall mean values was good, 
with the automated devices giving substartially 
lower readings. 

Further comparisons among the several automated 
devices are based upon the paired readings from the 
second experiment. Tables VI, VII and VIII present 
the mean values, variances and differences between 
mean values for each specimen of each applicable 
device as compared with the Baumanometer, for sys- 


TABLE VI 


Comparison of Automated Blood Pressure Devices with 
Baumanometer by Paired Readings Design, for Systolic 
Means (mm Hg) and Variances* 








Machine & Difference 
(specimen no.) Mean Variance in Means 
Baumanometer 113.8 24.5 —19.2t 
Arteriosonde 1010 (1) 133.0 26.3 
Baumanometer 131.0 59.4 —4.5 
Arteriosonde 1010 (2) 135.5 23.7 
Baumanometer 115.2 20.5 —1.3 
Arteriosonde 1216 (1) 116.5 8.8 
Baumanometer 106.2 35.9 0.0 
Arteriosonde 1216 (2) 106.2 3215 
Baumanometer 86.0 32.0 —3.3 
Boston Recorder (2) 89.3 7.9 
Baumanometer 114.0 8.0 9.57 
Physiometrics (1) 104.5 55.7 
Baumanometer 98.0 12.6 —16.07 
Physiometrics (2) 114.0 D 
Baumanometer 105.6 14.2 —3.4 
Sears (1) 109.0 Shak 
Baumanometer 115.0 61.6 17 0+ 
Sears (2) 98.0 97.6 





* Eight observations per participant for each machine. 
t Significant at 0.01 level by paired t test. 
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tolic and fourth- and fifth-phase diastolic pressures 
as available. For systolic pressures (Table VI), read- 
ings obtained with specimen 1 of the Arteriosonde 
1010, both specimens of the Physiometrics device 
and specimen 2 of the Sears device differed from the 
average of readings obtained with the Baumanome- 
ter by magnitudes significant at the 0.01 level. For 
the Physiometrics instrument, the two specimens 
differed in opposite directions, readings with one 
being higher and one lower than these obtained with 
the Baumanometer. 

For fourth-phase diastolic pressures (Table VII), 
both specimens of the Arteriosonde 1010, specimen 2 
of the Arteriosonde 1216 and specimen 1 of the Phys- 
iometrics device gave an average of readings signifi- 
cantly lower than those of the Baumanometer, at the 
0.01 level. In addition, specimen 2 of the Physiome- 
trics device produced a mean difference which was 
significant at the 0.05 level. 

For fifth-phase diastolic pressures (Table VIII), 
specimen 1 of the Sears device gave an average of 
readings significantly lower than those obtained with 
the Baumanometer at the 0.01 level. 

In these comparisons, the only device not found to 
differ significantly from the Baumanometer for one 
or more blood pressure measurements was the one 
specimen of the Boston Automatic Recorder still 
operating for this test. (The Random-Zero device 
was not tested in this comparison since the purpose 
of this experiment was to compare the automated 


TABLE VII 


Comparison of Automated Blood Pressure Devices 
with Baumanometer by Paired Readings Design, 
for Diastolic Means, Phase IV (mm Hg) and Variances* 








Machine & Difference 

(specimen no.) Mean Variance in Means 
Baumanometer 77.2 13.6 14.41 
Arteriosonde 1010 (1) 62.8 19.4 
Baumanometer 103.8 62.2 19.31 
Arteriosonde 1010 (2) 84.5 123.1 
Baumanometer 78.8 54.8 —1.2 
Arteriosonde 1216 (1) 80.0 133.7 
Baumanometer 75.0 8.0 7.51 
Arteriosonde 1216 (2) 67.5 8.9 
Baumanometer 57.1 34.8 —1.2 
Boston Recorder (2) 58.3 11.2 
Baumanometer 73.5 6.6 6.21 
Physiometrics (1) 67.3 I7: 
Baumanometer 74.3 10.8 4.5t 
Physiometrics (2) 69.8 30.2 


* Eight observations per subject for each machine. Boston 
Recorder specimen 1 not tested because ot failure. 

t Significant at 0.05 level by paired t test. 

1 Significant at 0.01 level by paired t test. 
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devices with the standard mercury sphygamanome- 
ter.) 

An additional major objective of the paired read- 
ings experiment was to provide a numerical compari- 
son of differences in variability between instruments 
under standardized conditions. Tables VI, VII and 
VIII provide such comparisons, although these vari- 
ances are based on small series of readings. For sys- 
tolic readings, both specimens of the Sears device 
showed greater variance than the paired Bauma- 
nometers. For the other instruments, differences in 
variance were inconsistent. The one Boston Recorder 
which remained in usable condition had a smaller 
variance than the Baumanometer. (Note that vari- 
ances between Baumanometers cannot be compared 
since such variances refer to different participants.) 

In respect to fourth-phase diastolic readings the 
Arteriosonde 1010, Arteriosonde 1216 and Physiome- 
trics machines consistently gave higher variances 
than the paired Baumanometers, but the surviving 
Boston Recorder again performed well (Table VIII). 
The Sears machine and Boston Recorder both, by 
this criterion, outperformed the Baumanometer for 
variances on fifth-phase diastolic readings (Table 
VIID. 


Machine Reliability 


Difficulties with specific devices occurred at vari- 
ous times during the test periods and included the 
following: 

Arteriosonde 1010: The thumbscrew valve on the infla- 
tion unit failed so that a single inflation unit had to be 
used through most of the evaluation. Several observers 
commented on difficulty in distinguishing Korotkoff 
sounds due to a high level of background noise. This prob- 
lem had been noted before the definitive tests and was re- 
duced somewhat by using the headsets, as in all experi- 
mental runs, but could not be reduced further. 

Arteriosonde 1216: In the first run, the patient monitor 
alarm sounded, and on one occasion no reading could be 
obtained; the cuff failed to inflate once because of kinking 


TABLE VIII 


Comparison of Automated Devices for Measuring Blood 
Pressure with Baumanometer by Paired Readings Design, 
for Diastolic Means, Phase V (mm Hg) and Variances* 








Machine & Difference 
(specimen no.) Mean Variance in Means 

Baumanometer 55.4 57.1 2.3 
Boston Recorder (2) 53.1 13.1 
Baumanometer 62.8 39.9 7.5t 
Sears (1) 55.3 15.9 
Baumanometer 74.0 17.6 3.0 
Sears (2) 71.0 2.2 





* Eight observations per subject for each machine. Boston 
Recorder specimen 1 not tested due to failure. 
T Significant at 0.01 level by paired t test. 
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of the air hose; and one specimen in the second run inter- 
mittently failed to give readings because of rapid fall of 
the mercury, failure to stop at the systolic and diastolic 
pressure levels and lack of response to adjustments of the 
deflation rate control. During the third run, the mercury 
consistently fell to 0 in both columns, making reading im- 
possible. In addition, the connection between cuff and 
machine failed on one specimen, so that only a single cuff 
unit could be used. (In view of the high unit cost of this 
system, this lack of reliability was particularly disap- 
pointing.) Until mechanical difficulties arose, this device 
was judged by some observers to be the easiest to use, al- 
though some inconvenience in applying the conducting gel 
was noted. Markings on the inflation peak control knob 
were inaccurate so that repeated adjustment was required 
to achieve a standard level of inflation at 180 mm pres- 
sure. 

Boston Automatic Recorder: During the first run, one 
specimen ceased giving the automatic calibration mark- 
ings required to interpret the record so that only a single 
specimen could be used. In the second run, that same de- 
vice stopped recording altogether. The remaining device 
was found at one point to give only very low amplitude 
tracings; because of displacement of the microphone, 
which had slipped out of its loose pocket in the cuff lin- 
ing. Several observers commented upon the sensitivity of 
the device which, compounded by looseness and easy 
movement of the microphone, led to frequent artifacts. 
Time required for reading of the tracing was excessive. 
The preset deflation rate, in order to approximate 2 mm/ 
sec in the vicinity of 100 mm of pressure, was very rapid 
at levels about 150 mm. The aneroid manometer on the 
panel of the device read 2 to 4 mm above the calibration 
levels. Since the last calibration mark occurred by design 
at 50 mm of pressure, the cuff could not be completely de- 
flated until the aneroid showed a reading well below this 
level, to assure that all three necessary calibration steps 
would appear on the record. During the training period, 
the ground wire for the microphone cable became de- 
tached at the microphone jack, requiring soldering for re- 
pair. 

Physiometrics (USM-105): One reading was missed on 
this device when someone walked past this station and 
caused vibrations of the floor which were transmitted 
through the sensitive stylus to the tracing. It appears that 
this instrument should be used only on a rigid, stable sur- 
face or perhaps with the special right arm cuff provided. 
Several observers reported the device difficult to use be- 
cause of the frequent need to adjust sensitivity and ex- 
haust rate from subject to subject. The calibration equip- 
ment supplied with the device required minor modifica- 
tion before calibration could be carried out but showed 
both specimens to range 2 to 4 mm below the readings of 
the mercury manometer at pressures below 80 mm Hg. 

Sears (1080): One reading was missed on this device, 
again because of floor vibration. This device was judged 
by some observers to be the easiest to use. The only oper- 
ational difficulty was sensitivity to small movements of 
the subject’s arm which produced apparent beats well 
below the true diastolic level. 

Random-Zero (Hawksley): Contrary to design specifi- 
cations, the range of true zero settings was not 0 to 60 mm 
Hg with either specimen. For the first specimen the range 
was from 12 to 68 mm Hg and for the second specimen 
from 18 to 80 mm Hg. Time required for full excursion of 
the adjustable chamber was approximately 5 seconds, the 
observer holding the mercury column at an indication of 
240 mm Hg for this period before controlled deflation 


could begin. Full deflation, given a low zero setting, re- 
quired approximately 90 seconds for each specimen. One 
subject acquired marked ecchymosis around the full cir- 
cumference of the arm beneath the cuff. 

Baumanometer (300): One observer, taller than aver- 
age, noted some awkwardness in accommodating to the 
position of the mercury columns for accurate reading. Ex- 
ternal sound interference was an occasional problem. 


Discussion 


In assessing these results, we reemphasize the four 
points stated at the outset as guidelines for this par- 
ticular evaluation. The first was that each device 
tested should be suitable for use in a clinic screening 
examination among ambulatory adults. It is recog- 
nized that some of the devices may possess addition- 
al performance characteristics, such as effectiveness 
in continuous blood pressure monitoring, or mea- 
surement capability in extreme clinical states such 
as shock. However, these characteristics were consid- 
ered extraneous to the specific applications under 
consideration for the Program, and similar purposes 
of population screening, and therefore inappropriate 
for attention in the course of this evaluation. Never- 
theless, some of the findings reported here may be 
relevant to such interests; since for any application an 
estimate of measurement reliability is presumably an 
important criterion for selection of an instrument. 

The second requirement was reliable operation 
during periods of continual use over several hours. 
Such conditions were tested as far as possible in the 
course of this evaluation. However, a number of 
closely related factors could not be tested, such as 
observer fatigue and other effects of using a single 
device repeatedly over several hours, or long-term 
trends in performance characteristics of a given de- 
vice over months or years. 

The third requirement was close agreement be- 
tween measurements by several specimens of the 
same type of device, rather than mere performance 
by a single specimen of a given type. The importance 
of this point should require no further elaboration 
here. 

The fourth requirement was close approximation 
to readings with the standard mercury sphygmoma- 
nometer. Again, the nature of this evaluation was 
determined by its epidemiologic and community 
health focus: At least for the present, knowledge of 
blood pressure distributions in populations and esti- 
mates of disease risks in relation to blood pressure 
levels are generally based upon measurements made 
with simple mercury sphygmomanometers. This type 
of device, represented in the present evaluation by 
the Baumanometer model 300, must therefore con- 
stitute the standard against which alternative in- 
struments are compared for epidemiologic applica- 
tions. Use of an instrument that gave values widely 
different from those obtained with this standard de- 
vice would require redefinition of the property being 
measured, and assessment de novo of its epidemiolo- 
gic meaning in terms of screening yields and esti- 
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mate of prevalence and incidence of hypertension. 
Clinically also, decisions to treat or not to treat 
subjects based even partially upon level of blood 
pressure would appear to be similarly affected. 

Given this perspective, how do we compare the de- 
vices tested, and what are we in a position to con- 
clude? First, none of the automated instruments 
tested was judged an adequate replacement for the 
mercury sphygmomanometer. Second, the design 
characteristics of the Random-Zero device, eliminat- 
ing digit preference in recorded values and reducing 
dependence of successive values recorded by the 
same observer in the same participant, appeared to 
make it a high priority candidate for further testing, 
possibly in a modified form to reduce local effects of 
prolonged high cuff pressure. Some data of this kind 
will be available for publication in the near future. 
The relative comparability between readings with 
the Random-Zero device and those with the conven- 
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tional sphygmomanometer is not surprising, in view 
of the similar physical principles on which the de- 
vices are based. 

Finally, we must register disappointment in the 
state of the art of automated blood pressure record- 
ing as it is reflected in these data: engineering and 
quality control appear to be low for some of these 
devices, especially in relation to the generally high 
unit cost, and comparability with standard measure- 
ments is notably poor. Although in certain instances, 
one or another of the devices tested here, or individ- 
ual specimens, demonstrated satisfactory perfor- 
mance by a specific criterion, acceptability should 
require a high standard of performance on all four 
major criteria emphasized here, as well as on others 
not tested in this evaluation. 

It is to be hoped that efforts to improve these de- 
vices will continue and that the results of these ef- 
forts will continue to be evaluated. 
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Plasma aldosterone measurements using a new radioimmunoassay 
technique were included in a component analysis of the renin-aldo- 
sterone-sodium system. The studies involved 27 normal subjects and 
51 patients with essential hypertension characterized by low, normal 
or high plasma renin activity. 

Noon plasma aldosterone concentrations closely reflected the 
state of aldosterone secretion. Thus, in normal subjects, plasma al- 
dosterone values exhibited a relationship to the daily urinary sodium 
excretion similar to that for urinary aldosterone excretion. Moreover, 
plasma aldosterone levels and the simultaneously measured plasma 
renin activity were linearly correlated over a wide range of sodium 
balance, again pointing to a key role for renin in the control of plasma 
aldosterone levels. 

In 21 patients with normal renin essential hypertension, the abso- 
lute levels of plasma aldosterone and their relation to plasma renin 
levels were similar to those observed in normal subjects. In 14 pa- 
tients with high renin hypertension concurrent plasma aldosterone 
levels were commensurately elevated. A deflection of this renin-al- 
dosterone interaction observed in some high renin patients appeared 
consequent to potassium depletion. In contrast, in 14 of 16 patients 
with low renin essential hypertension, noon plasma aldosterone con- 
centrations, under conditions of normal or moderately high dietary 
sodium, were higher relative to simultaneous plasma renin activity, 
resulting in an abnormal plasma aldosterone to renin ratio above 10. 
This abnormal renin-aldosterone interrelation could prove useful for 
identifying and further characterizing patients within the low renin 
hypertension category. 

In hypertensive patients, plasma aldosterone measurements can 
be used interchangeably with urinary aldosterone excretion rates but 
for full meaning they must still be related to an index of sodium bal- 
ance such as the daily rate of sodium excretion. Moreover, they 
have special value for short-term studies and for evaluating aldoste- 
rone secretion in states of hepatic or renal insufficiency and perhaps 
in edematous states in which impaired aldosterone metabolism or 
renal excretion occurs. 


Derangements in the renin-aldosterone-sodium system can be used 
to define different subgroups of patients with essential hypertension. 
On the basis of measurements of plasma renin activity as related to 
the concurrent daily sodium excretion used as an index of the state 
of sodium balance, hypertensive patients can be classified into sub- 
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types exhibiting low, normal or high plasma renin ac- 
tivity. This subtyping appears to have different im- 
plications with respect to causal mechanisms and 
clinical course, and for deciding when and how to 
treat.1-5 

In most hypertensive patients with either normal or 
high renin-sodium index aldosterone excretion rates 
parallel changes in plasma renin activity. Thus the 
renin-aldosterone interrelationship is not different 
from that observed in normal subjects. In some pa- 
tients with high renin essential hypertension, how- 
ever, this interplay is offset by potassium depletion 
which operates to retard aldosterone secretion. In 
contrast, in most patients with low renin essential 
hypertension, different abnormal renin-aldosterone 
patterns were found suggesting heterogeneity of this 
low renin subgroup.® 

In the present study in which we employed a new 
method to measure plasma aldosterone, the renin- 
aldosterone interrelationships in the three renin 
subgroups of essential hypertension were reanalyzed 
using simultaneous measurements of plasma renin 
and plasma aldosterone levels considered in conjunc- 
tion with the concurrent urinary aldosterone excre- 
tion and the daily rate of urinary sodium excretion. 

The analyses reveal that noon plasma aldosterone 
measurements closely parallel the daily urinary ex- 
cretion rates of aldosterone in normal subjects as 
well as in patients in all three subgroups of essential 
hypertension. Thus, the renin-aldosterone interac- 
tions, as expressed by the noon plasma aldosterone 
to noon plasma renin ratio, was found to be normal 
in most patients with high renin activity and in all 
those with normal plasma renin activity, indicating 
that in these two forms of hypertension plasma aldo- 
sterone closely follows changes in plasma renin activ- 
ity. In contrast, in most patients with low renin ac- 
tivity, plasma aldosterone levels were abnormally 
high in relation to renin. These data, in characteriz- 
ing plasma aldosterone levels in essential hyperten- 
sion, demonstrate that this index can be used inter- 
changeably with urinary aldosterone measurements 
to identify endocrine patterns in patients with essen- 
tial hypertension. 


Methods 


Subjects and study plans: Twenty-seven normal vol- 
unteers aged 20 to 54 years were included in this study. 
Sixteen were maintained on constant low (10 mEq/day), 
normal (100 mEq/day), or high (200 mEq/day) dietary 
sodium intakes for 4 or 5 day periods; in five of them low 
and high sodium intakes were prolonged to 12 days. The 
renin-aldosterone-sodium system was evaluated on the 4th 
or 5th day of the balance regimen and on each subsequent 
day whenever the fixed dietary regimen was prolonged. 
Eleven normal subjects were studied initially on random 
diets and were then asked to follow special written diet 
instructions for a moderately reduced sodium content. 
Daily urinary sodium excretions on this diet ranged be- 
tween 20 and 100 mEq/day. 

Fifty-one patients with essential hypertension aged 8 to 
59 years were admitted to the Metabolism Unit at Colum- 
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FIGURE 1. Classification of 51 patients with essential hyperten- 
sion based on plasma renin measurements related to the con- 
current sodium excretion rates on different sodium balances. 
Each of the 16 low renin (triangles), 21 normal (circles) or 14 
high renin (squares) patients is represented with one to three 
renin-sodium determinations. Two of the low renin patients 
(open triangles) also exhibited a normal renin-sodium index at 
slightly higher sodium intake and therefore represent an inter- 
mediate category, which differs from that in most low renin pa- 
tients (see Fig. 5A and 6A). 


bia-Presbyterian Medical Center. In all patients, a com- 
plete routine workup including intravenous pyelography 
and renal arteriography established the diagnosis. Antihy- 
pertensive therapy had been withdrawn for at least 1 
month before the study. Renin and aldosterone measure- 
ments were performed on the 4th or 5th day of a fixed diet 
of known electrolyte content. These patients were subse- 
quently classified into three subcategories with the use of 
a nomogram derived from 52 normal subjects. 

In both normal subjects and hypertensive patients plas- 
ma aldosterone concentration, plasma renin activity and 
plasma electrolytes were measured from the same blood 
sample collected at noon, before lunch and with the pa- 
tient in an upright position. Concurrent 24 hour urine 
samples were collected for determination of aldosterone 
and sodium excretion rates. 

Plasma aldosterone assay: Plasma aldosterone con- 
centrations were measured using a new and rapid method 
published in detail elsewhere.*.5 Basically the method in- 
volves an initial extraction into methylene chloride, parti- 
tion between cyclohexane and water to remove lipids and 
the separation of aldosterone from other corticosteroids 
using disposable celite pipette columns. In this chromato- 
graphic system celite, as a support, is impregnated with 
ethylene glycol in water as the stationary phase, and ethyl- 
acetate in isooctane is used as the mobile phase. After 
separation, aldosterone is measured in a radioimmunoas- 
say employing a readily available antibody to aldosterone.? 
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'The radioimmunoassay step is similar to the one used for 
measuring urinary aldosterone.!? With this method a com- 
plete series of 20 plasma samples, including calculations, 
can be processed in 2 1/2 working days by one person. The 
method is virtually blank-free and is highly sensitive and 
specific. The interassay variability is +14 percent standard 
deviation. 

Other analytical methods: Plasma renin activity was 
measured by a radioimmunoassay that quantitates the 
angiotensin I formed during a 3 hour incubation in the 
presence of angiotensinase and converting enzyme inhibi- 
tors.11 The 24-hour urinary excretion rates of aldosterone 
were measured by a method involving preextraction of in- 
terfering corticosteroids into methylene chloride, the re- 
constitution of aldosterone from its conjugate by acid hy- 
drolysis, reextraction into methylene chloride and a ra- 
dioimmunoassay similar to that used for determining 
plasma aldosterone.!? The Technicon®-SMA 6/60 was 
used to measure plasma electrolytes and flame photome- 
try for measuring urinary electrolytes. 


Results 


Classification of patients with essential hyper- 
tension: Fifty-one patients studied on different sodi- 
um balances were classified according to plasma 
renin activity as related to the concurrent 24 hour 
urinary sodium excretion rates; this index was com- 
pared to the nomogram derived from similar analy- 
ses in normal subjects (Fig. 1). Sixteen patients ex- 
hibited a low renin-sodium index; in two of them, 
renin measurements, when repeated, were in the nor- 
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mal range relative to urinary sodium and, therefore, 
they were not clearly classifiable as low renin pa- 
tients. Twenty-one patients had a normal, and 14 a 
high, renin-sodium index. 

Noon plasma aldosterone and dietary sodium: 
In Figure 2A, noon plasma aldosterone concentra- 
tions obtained from 27 normal subjects are related to 
the concurrent urinary sodium excretion rates. The 
plot illustrates that plasma aldosterone levels dy- 
namically change with the rate of urinary sodium ex- 
cretion. Thus, they rise as sodium decreases and fall 
as dietary (and urinary) sodium increases. Plasma 
aldosterone values obtained during controlled di- 
etary sodium regimens (no. = 113) and values from 
subjects eating random diets (no. = 20) both fell 
within the same band. Plasma aldosterone values 
ranged from 25 to 170 ng/100 ml at sodium excretion 
rates less than 25 mEq/day, from 6 to 24 ng/100 ml 
at sodium excretion rates between 75 and 125 mEq/ 
day and from 1 to 13 ng/100 ml at a daily sodium 
excretion above 200 mEq/day. 

In 16 patients with low renin essential hyperten- 
sion (Fig. 3A), all of whom exhibited normal urinary 
aldosterone excretion rates and normal plasma po- 
tassium concentrations, most noon plasma aldoste- 
rone concentrations were within the normal range. 
At lower sodium excretion rates, however, plasma al- 
dosterone levels were below normal in half o? these 
patients. Conversely, as indicated by the slopes of 
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FIGURE 3. Noon plasma aldosterone concentrations related to the concurrent sodium excretion rates in (A) 16 patients with low renin (tri- 


angles), (B) 21 with normal renin (circles) and (C) 14 with high renin (squares) essential hypertension. The normal range was derived 
from similar studies in 27 normal subjects (see Fig. 2A) and is depicted within the dotted lines. 


the connecting lines, at higher sodium excretion 
rates, plasma aldosterone levels were relatively high 
although usually still within the normal range. In 
only one patient were plasma aldosterone levels ele- 
vated on two occasions. 

The 21 hypertensive patients with normal renin 
generally exhibited normal noon plasma aldosterone 
concentrations that fluctuated in a normal fashion 
with changes in sodium balance (Fig. 3B). In con- 
trast, in 10 of 14 high renin hypertensive patients, 
plasma aldosterone levels were abnormally elevated; 
especially at normal or high sodium excretion rates 
(Fig. 3C). Thus, in these two forms of essential hy- 
pertension, plasma aldosterone concentrations gener- 
ally paralleled the state of renin secretion. 


Comparison of noon plasma aldosterone and 
concurrent aldosterone excretion rates: Noon 
plasma aldosterone concentrations were closely cor- 
related with the concurrently measured urinary aldo- 
sterone excretion rates in normal subjects (Fig. 2B, r 
= 0.86, no. = 130) as well as in hypertensive patients 
(Fig. 4) with low renin activity (r = 0.68, no. = 37), 
normal renin activity (r = 0.74, no. = 46) and high 
renin activity (r = 0.85, no. = 27). The slopes were 
not significantly different from each other. 

Renin-aldosterone interaction in relation to so- 
dium balance: To characterize the renin-aldosterone 
interrelationships, the noon plasma aldosterone con- 
centration was related to the simultaneously mea- 
sured plasma renin activity. Further, the influence of 
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URINE ALDOSTERONE EXCRETION — ug/day 


FIGURE 4. Relationship of noon plasma aldosterone levels to the concurrent aldosterone excretion rates in patients with (A) low, (B), 


normal and (C) high renin essential hypertension. In the three subgroups the relation of plasma aldosterone to urinary aldosterone 
falls within the normal range derived from studies in normal subjects (see Fig. 2B). 
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FIGURE 5. Relationship of noon plasma aldosterone to simultaneous plasma renin activity in (A) 16 patients with low, (B) 21 with normal 
and (C) 14 with high renin essential hypertension. In 14 of 16 patients with low renin activity the plasma aldosterone is disproportionately 
higher than renin; two patients (open triangles) exhibit a normal relation. In some high renin patients the renin is relatively higħer than 
aldosterone consequent to the hypokalemic effect of elevated aldosterone levels. 


changes in sodium balance on this interaction was 
analyzed by plotting the ratio of aldosterone to renin 
against the concurrent sodium excretion rates. 

In normal subjects, the noon plasma aldosterone 
concentration closely correlated with the plasma 
renin activity (Fig. 2C). In this relationship, an aldo- 
sterone to renin ratio of below 10 was maintained 
over a wide range of sodium excretion rates (Fig. 
2D). However, when sodium depletion was pro- 
longed, plasma aldosterone levels tended to rise 
slightly more in relation to renin. A similar dissocia- 
tion, with aldosterone becoming relatively higher, 
was observed at very low levels of hormone activity 
when sodium excretion rates exceeded 300 mEq/day. 

In patients classified as having low renin essential 
hypertension, 14 of 16 exhibited an abnormal renin 
to aldosterone interaction (Fig. 5A). This abnormal 
interplay resulted in an aldosterone to renin ratio 
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above 10 whenever the urinary sodium reflected a 
normal or high dietary sodium intake (Fig. 6A), that 
is, above 50 mEq/day. Such an abnormal ratio was 
present even though the aldosterone level was not 
abnormally high because the renin activity was pro- 
portionately low. In these low renin patients, at least 
two subgroups with different response patterns to so- 
dium loading can be described. In one group, nine 
patients increased the plasma aldosterone to renin 
ratios during increased sodium intake; and in an- 
other two the ratio was normal when sodium excre- 
tion rates were low but became abnormally high 
with sodium loading. In the other subgroup, consist- 
ing of five patients, the aldosterone to renin ratio 
was lowered with higher sodium intakes, but this 
index still remained above 10. In contrast to these 
patterns, there were two low renin patients in whom 
the normal aldosterone to renin relationship was 
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Figure 6. Relationship of the aldosterone:renin ratio to urinary sodium excretion rates (A) in 16 patients with low renin levels, (B) in 21 
normal renin patients and (C) in 14 high renin hypertensive patients. Am aldosterone to renin ratio of 10 is the upper limit of this relationship 
found in normal subjects (see Fig. 2D) when daily sodium excretion rates fall between 50 and 250 mEq. With moderate sodium loading only 


low renin patients exhibited an aldosterone-renin ratio above 10. 


558 


September 20, 1973 The American Journal of CARDIOLOGY Volume 32 


"wm 


PLASMA ALDOSTERONE AND RENIN IN HYPERTENSION—BUHLER ET AL. 


maintained by increasing sodium intake. These two 
exceptions (Fig. 1, open triangles) were not readily 
classifiable into either the low or normal renin 
subcategory. With more study, an abnormal plasma 
aldosterone to renin relationship could prove useful 
for characterizing patients with low renin hyperten- 
sion. 

Patients with normal renin essential hypertension 
maintained a normal relationship between plasma 
aldosterone and plasma renin activity when tested 
during normal or moderately high sodium intakes 
(Fig. 5B and 6B). In most patients with high renin 
essential hypertension, too, plasma renin activity in- 
teracted in a normal fashion with plasma aldosterone 
(Fig. 5C and 6C). However, in a smaller fraction of 
these patients, the plasma aldosterone levels were 
disproportionately lower in relation to renin; this de- 
flection was explained by the hypokalemic effect of 
high aldosterone secretion. Thus, patients with aldo- 
sterone to renin ratios below 2 exhibited on the aver- 
age a plasma potassium concentration of 3.3 + 0.4 
(no. = 10) as opposed to 3.8 + 0.4 standard devia- 
tion (no. = 14) in those who had normal ratios (P 
«0.01). 

Discussion 

In the present report, a simple and reliable assay 
that measures plasma aldosterone concentrations 
was applied to a component analysis of the renin- 
aldosterone-sodium system in normal subjects and in 
patients with different forms of essential hyperten- 
sion. Physiologically, plasma aldosterone concentra- 
tions, measured at noon during controlled sodium 
intake, with the patients in the upright position, 
were quantitatively related to the state of aldo- 
sterone secretion. In normal subjects, noon plasma 
aldosterone levels rose with sodium deprivation and 
fell with increasing sodium loading showing an inter- 
relationship similar to that known for urinary aldo- 
sterone and plasma renin activity.! This dynamic 
fluctuation in normal subjects emphasizes the re- 
quirement that individual plasma aldosterone values 
be related to an index of sodium balance such as the 
daily rate of urinary sodium excretion. 

In patients with low, normal or high renin essen- 
tial hypertension, noon plasma aldosterone levels 
paralleled the concurrent daily aldosterone excretion 
rates in a manner similar to that in normal subjects. 
Because of the close relationship between plasma al- 
dosterone and aldosterone excretion rates it is highly 
unlikely that patients in the three renin subgroups of 
essential hypertension exhibit basic differences in 
their aldosterone metabolic clearance rate. 

'This lack of positive evidence for impaired clear- 
ance of aldosterone is at variance with another study 
of patients with normal renin essential hypertension 
in which the relatively elevated plasma aldosterone 
levels observed with a normal sodium intake were 
attributed to a reduced clearance rate.12 

Hormonal patterns in three renin subgroups of 
essential hypertension: Compared with studies in 
normal subjects, noon plasma aldosterone related to 


the concomitant urinary sodium excretion displayed 
different hormonal patterns in patients in the three 
renin subgroups of essential hypertension (Fig. 3). In 
patients with normal plasma renin activity, plasma 
aldosterone values fell within the normal range, 
whereas most high renin patients exhibited cor- 
respondingly elevated plasma aldosterone levels. 
Patients with low renin essential hypertension also 
exhibited “normal” but perhaps inappropriately 
high plasma aldosterone concentrations although a 
small fraction of them also had low plasma aldoste- 
rone levels at a lower sodium intake. Moreover, as a 
group, in low renin patients with moderate sodium 
loading suppression of plasma aldosterone was less 
than expected. These observations of generally nor- 
mal plasma aldosterone levels in low and normal 
renin essential hypertensive patients contrast with 
those of other studies!3:14 in which elevated aldoste- 
rone secretion rates and plasma concentrations were 
found in a majority of patients with essential hyper- 
tension. This discrepancy may be explained by the 
much higher sodium intake employed in these other 
studies, which appears to expose inappropriately 
high aldosterone levels in low but also in some nor- 
mal renin hypertensive patients. 

The relationship of plasma aldosterone to plasma 
renin activity was normal in all patients with normal 
renin and in most with high renin activity (Fig. 5). 
The deflection of this interplay observed in some 
high renin patients was explained by the hypokale- 
mic effect of the abnormally high aldosterone secre- 
tion. This effect is to be contrasted with the observa- 
tions in normal subjects in whom increased aldoste- 
rone excretion, induced by sodium depletion, results 
in potassium retention,® which further stimulates 
aldosterone but relatively retards renin secretion.19.16 
In the patients with high renin activity the high 
aldosterone secretion initiates potassium loss result- 
ing, in turn, in less aldosterone production in relation 
to the high renin secretion rate.!? Altogether, these 
observations in normal and high renin patients 
indicate an appropriate renal adrenal hormonal 
interaction which appears to be primarily governed 
by the state of renal renin secretion but is at times 
deflected by changes in potassium balance. 

In contrast, in almost all low renin patients stud- 
ied, the plasma aldosterone concentrations were in- 
appropriately high when considered in relation to the 
low plasma renin activity. This derangement was 
more apparent with normal or moderately high sodi- 
um intake (Fig. 6). Thus, the failure of normal feed- 
back control of aldosterone production in low renin 
patients observed by others with heavy salt load- 
ing!3.14 appears to occur even with a normal sodium 
intake. Exceptions to this pattern were found in only 
two patients who were not clearly classifiable be- 
cause the renin-sodium index appeared normal on one 
occasion. 

Low renin essential hypertension: An analysis of 
the observed elevated plasma aldosterone to renin 
relationship in some low renin essential hypertension 
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again suggests nonhomogeneity among these patients. 
However, larger numbers are needed to fully docu- 
ment the nature and the frequency of abnormal pat- 
terns. At present it would appear that the abnormal- 
ity is largely determined by the absolute level at 
which aldosterone secretion is set and by the abnor- 
mal responsiveness to changes in sodium intake. Es- 
sentially, two response patterns emerge in low renin 
patients with an abnormal aldosterone to renin ratio. 
In one group, the aldosterone to renin ratio decreases 
with sodium administration but plasma aldosterone 
levels still remain inappropriately high relative to 
renin. This phenomenon may be similar to that oc- 
casionally found in normal subjects after sodium 
loading (Fig. 2D). In the other group of low renin pa- 
tients, the aldosterone to renin ratio actually in- 
creased with sodium loading due to the fixed aldo- 
sterone secretion relative to the further suppressed 
renin activity. This pattern resembles the autonomy 
of aldosterone secretion observed in patients with 
adrenal adenoma, i.e., primary aldosteronism, and 
that found in patients with bilateral adrenal hyper- 
plasia or so-called pseudoprimary aldosteronism.!7-1? 
However, all our patients with low renin essential 
hypertension exhibited normal plasma potassium 
concentrations and usually normal aldosterone ex- 
cretion rates and, therefore, have no evidence for overt 
mineralocorticoid excess. 

Renin-suppressive effect of propranolol: These 
findings in patients with low renin essential hyper- 
tension further characterize a subtle abnormality in 
aldosterone secretion under circumstances of moder- 
ate sodium loading in which aldosterone remains rel- 
atively high for the low renin activity. Such a disso- 
ciation has been observed in hypertensive patients 
treated with the beta blocking agent propranolol.?.29 
In these studies, the renin-suppressive effect of pro- 
pranolol was followed by a lesser reduction in plasma 
aldosterone levels or aldosterone excretion rates 
which was attributed to the observed hyperkalemic 


effect of the drug. Thus, the naturally occurring aldo- 
sterone-renin dissociation observed in low renin pa- 
tients together with their blood pressure unre- 
sponsiveness to the beta blocking agent?:2? may point 
to the existence of a neurogenic abnormality in low 
renin essential hypertension characterized by endog- 
enous deficiency in beta adrenergic tone. 

In this context, in animal experiments, systemic 
administration of propranolol was shown to increase 
renal vascular resistance and filtration fraction re- 
sulting in decreased urinary sodium excretion.?! This 
propranolol-induced increased filtration fraction in- 
dicates a postglomerular site of vasoconstriction. 
This effect would result in decreased hydrostatic and 
increased oncotic pressures in the peritubular capil- 
lary and thereby enhance proximal tubular sodium 
reabsorption.22 Thus, reduced beta adrenergic tone 
may produce sodium retention by renal hemodynam- 
ic mechanisms as well as by the possibly potassium- 
mediated relative aldosterone excess. Such mecha- 
nisms may explain the relative sodium- and volume- 
expanded state of low renin hypertensive pa- 
tients®.23.24 and their responsiveness to therapy with 
volume depletion. Whether chronic hypertension in 
patients with low plasma renin activity may be con- 
sequent to increased unopposed alpha adrenergic tone 
remains for further study. 

Clinical implications: The present study indi- 
cates that plasma aldosterone determinations made 
at noon in ambulatory subjects and considered in 
relation to an index of sodium balance may be used 
interchangeably with the aldosterone excretion rates 
for biochemical profiling of patients with essential 
hypertension. Moreover, if the observations in low 
renin patients can be substantiated in a larger popu- 
lation, the demonstration of an abnormal plasma al- 
dosterone to plasma renin relationship using a single 
blood sample may someday provide the basis for a 
simpler means for screening and analyzing patients 
with low renin forms of hypertension. 
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Hypertension with atheromatous or fibromuscular renal artery stenosis 
was studied prospectively in 214 cases for 7 to 14 years. After 3 
months or less of medical management proved unsuccessful, 100 pa- 
tients, were submitted to surgical management. At latest follow-up ex- 
amination, 84 of these survived and 51 were normotensive without 
medication. The survivors included 26 of 37 with artheromatous steno- 
sis and 58 of 63 with fibromuscular stenosis. 

Medical management was continued in the other 114 patients (ex- 
cept for 16 transferred after 6 months to 5 years to surgical care but 
are not reported on here). Of these 114 patients, 44 had atheromatous 
disease, of whom 10 were surviving with medication at latest follow-up 
examination (7 others having been transferred to surgical manage- 
ment); and 70 had fibromuscular stenosis, of whom 49 survived with 
continuing medication (9 others having been transferred to surgery). 

At the latest follow-up study (December 1972), 55 of the 214 pa- 
tients had died. Myocardial infarction, stroke and renal failure were 
the most common causes of death. 

Renal artery stenosis may be demonstrated by current angiographic 
techniques. Functional significance of proved lesions can be deter- 
mined by renal vein renin activity, differential renal function study or 
demonstration of a systolic-diastolic or continuous abdominal bruit; 
and it can be suggested by intravenous urography and isotope renog- 
raphy. In carefully selected patients, definite amelioration or long- 
term relief of existing hypertension may be accomplished by ap- 
propriate surgical management; in the severe cases thus managed, 
the mortality rate appears to be decidedly reduced. 


Hypertension resulting from renal and renovascular lesions has long 
been recognized in man and in experimental animals. Among the 
first to report apparently lasting relief of previously sustained dia- 
stolic hypertension by nephrectomy were Leadbetter and Burkland,! 
who in 1938 described that effect in an unusual case of renal artery 
stenosis—probably fibromuscular dysplasia—in a 5 1/2 year old boy. 
Butler? reported relief of hypertension by nephrectomy in a patient 
with renal atrophy thought to have resulted from chronic pyelone- 
phritis. Over the next several years additonal reports called attention 
to relief by unilateral nephrectomy of hypertension associated with 
renal vascular or parenchymal disease.?-5 

Medical antihypertensive therapy during this era left much to be 
desired, and patients with severe hypertension commonly died in a 
few years from congestive heart failure, renal failure or hemorrhagic 
stroke. The demonstration of sustained relief of hypertension by sur- 
gery in some cases was accepted eagerly, and nephrectomy was per- 
formed in large numbers of hypertensive patients, some of whom 
showed only minor or minimal abnormalities on intravenous uro- 
grams. However, in 1956 Smith? noted that probably fewer than 20 
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percent of patients maintained normotension for as 
long as 1 year after nephrectomy. It became clear 
that more reasoned consideration was needed, as 
well as proof that a demonstrated renal or renovas- 
cular lesion was causing the hypertension rather 
than just associated with it. Also, it gradually be- 
came apparent that stenosing lesions of the renal ar- 
teries were a far more common cause of renal atro- 
phy and secondary hypertension than was so-called 
predominantly unilateral atrophic pyelonephritis. 

Angiography was found to be the best means for 
preoperative visualization of the renal circulation 
and for the demonstration of arterial lesions. At 
first the necessary opacification was accomplished by 
translumbar aortography, which had been intro- 
duced by dos Santos et al.19 in 1929. In some in- 
stances this method afforded reasonable visualiza- 
tion of the main renal arteries; but the primary and 
secondary branches were seldom shown well enough 
for definitive diagnosis with respect to type, location 
and severity of the stenosing lesions. Accordingly, to 
decide between medical and surgical treatment was 
exceedingly difficult. In 1951 Peirce! introduced a 
method for percutaneous transfemoral retrograde 
aortography which, as modified by Seldinger,!? is 
preferred today by most radiologists for studying the 
abdominal aorta, the renal arteries and their extrare- 
nal and intrarenal components, and arteries of other 
abdominal viscera. Indeed, more recent adaptations 
of the Seldinger technique and more sophisticated 
equipment now can produce selective angiograms 
and oblique and magnified views. Excellent visual- 
ization of the renal circulation can be accomplished 
in virtually all cases that warrant the effort. Rarely 
can a stenosing lesion of the renal artery be found at 
surgery or necropsy that could not be delineated by 
adequate angiographic study. 


Incidence of Hypertension 


As yet, there is no general agreement concerning 
the incidence of hypertension in the general popula- 
tion. Indeed, Pickering!? has again raised the ques- 
tion “What is hypertension?" and has emphasized 
the difficulty of determining when the hypertensive 
process begins. In earlier reports, Hodges!* estimated 
that one of four persons between the ages of 30 and 
70 years is hypertensive. Edwards!? judged that 
some 5 million persons in the United States have hy- 
pertension (if the upper limit for normal pressure is 
accepted as 140 mm Hg systolic and 90 diastolic) 
and reported that 93 percent of 800,000 deaths from 
cardiovascular disease in 1955 were caused by ath- 
erosclerosis and hypertension, 11 percent being 
caused by hypertension alone. Puppel and Alyea,!$ 
reviewing a 5 year hospital experience, found that 
11.5 percent of admitted patients had hypertension. 
Winter!" estimated that approximately 3 percent of 
the population of the United States had hyperten- 
sion. Wilber and Barrow! recently estimated that 10 
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to 15 percent of the adult American population have 
significantly elevated blood pressure and judged that 
this remains the most common chronic condition the 
physician sees in his office practice. Clearly, we must 
obtain acceptance of some criteria before any 
epidemiologic study can determine more accurately 
the incidence of significant elevation of the blood 
pressure in the population at large. 

Incidence of renal hypertension: The incidence 
of renal and renovascular hypertension is especially 
difficult to determine because— particularly in its 
early phases—the hypertension is often labile. In 
1956, Smith? suggested that approximately 2 percent 
of all cases of hypertension had a renal cause that 
might be removed surgically. In their report on a 1 
year experience at the University of Michigan Medi- 
cal Center Hypertension Clinic, Correa et al.!? noted 
that approximately 6 percent of hypertensive pa- 
tients studied by renal angiography were demon- 
strated to have renovascular lesions. A much higher 
incidence has been observed in several more narrow- 
ly selected series: Dustan and Page?? reported an in- 
cidence of 28 percent among 617 patients, and our 
group?! observed renovascular lesions in 37 of 100 
patients strongly suspected clinically of having sec- 
ondary hypertension. But most efforts to determine 
the incidence of hypertension in the population at 
large and the incidence of renal and renovascular 
disease associated with it have been made at large 
medical centers that have a particular interest in hy- 
pertension and therefore have a selected patient pop- 
ulation. Many investigators doubt that more than 5 
percent of all cases of hypertension can be relieved 
by operation on renal or renovascular lesions. 

Whatever the truth of these matters may be, the 
clinician must maintain his awareness of the feasibil- 
ity of ameliorating or even permanently relieving hy- 
pertension in some patients. Therefore, an intensive 
search has begun for more definitive means of de- 
tecting renal and renovascular lesions that cause hy- 
pertension. Yet in some instances available proce- 
dures do not clarify the significance of demonstrated 
stenosing lesions of the renal arteries. Many of the 
currently used techniques are time-consuming and 
expensive, and some are not without hazard to the 
patient. Even disregarding the factor of risk, it 
would not be possible or advisable to undertake 
renal angiography, determinations of renal vein renin 
activity or differential renal function studies in all 
patients who might prove to be surgical candidates. 
Patients whose hypertension is suspected clinically 
of being renovascular must be screened, and our pro- 
cedure for resolving this suspicion is outlined herein. 
So that the reader may share our experience, refer- 
ence is made to a large series of highly selected pa- 
tients with angiographically proved renal artery ste- 
nosis thought to be causing the associated hyperten- 
sion. These patients, treated medically or surgically, 
have been followed up for a minimum of 7 
years.?? 
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Prospective Study of Renal Artery Stenosis and 
Hypertension 


Patients and Methods 


The 1956 report by Smith? was followed by much 
debate concerning the appropriateness of surgical 
treatment for renal disease and hypertension. His 
observations on the limits of benefit obtained by sur- 
gical management caused our group to design a pro- 
spective study that was initiated in 1958. Between 
January 1958 and December 1965 we enrolled 214 
selected patients in this study, and we now have fol- 
lowed them up for a minimum of 7 years. The pa- 
tients accepted had renal artery stenosis and severe 
hypertension which in most cases had not responded 
satisfactorily to medical treatment. Impairment of 
renal function was not advanced in any (the glomer- 
ular filtration rate was not less than 50 ml/min as 
demonstrated by clearances of inulin or creatinine). 
Patients with more than one morbid event (myocar- 
dial infarct or stroke) were excluded. Male patients 
with a serum creatinine value of 2.5 mg/dl or more, 
and female patients with a creatinine value of 2.0 
mg/dl or more were excluded. Since long-term fol- 
low-up was desired, an effort was made to select 
young patients, and not many beyond 60 years of age 
were included. A necessary qualification was com- 
pleteness of the medical record with respect to histo- 
ry, examination findings, laboratory investigations, 
detailed surgical findings, and availability of renal 
artery or parenchymal tissues for morphologic study. 
Follow-up observations included determination of 
the result of medical or surgical treatment as indi- 
cated by blood pressure and renal function, and pa- 
tients often underwent subsequent repeat renal angi- 
ography to determine whether there was progression 
of existing stenosis or recurrence of stenosis after sur- 
gical correction. 

Techniques employed in our institution for excre- 
tory urography, isotope renography, renal angiogra- 
phy, differential renal function studies and renal 
vein plasma renin activity have been described pre- 
viously.21.23-26 Short-term observations of 100 pa- 
tients treated surgically were reported earlier.?7 


Clinical Features 

Family history of hypertension: Clinical observa- 
tions of the 214 patients studied are recorded in 
Table I. A family history of hypertension has long 
been considered suggestive of primary hypertension; 
yet patients with renovascular hypertension often 
have siblings or parents who are also hypertensive 
but have no evidence of renovascular lesions. Among 
our series, 72 patients (34 percent) knew that one or 
more relatives had blood pressure high enough to 
warrant medical or surgical treatment. By contrast, 
in another study our group found that 81 percent of 
patients hypertensive without discoverable cause 
had relatives who were hypertensive.?5 These data 


suggest that known absence of persistent hyperten-. 


sion among relatives of a patient may deserve some 
weight as an indication that his hypertension—espe- 


TABLE 1 


Clinical Features in 214 Cases of Renal Artery Stenosis with 
Hypertension 


Type of Stenosis 





Atheromatous Fibromuscular 


Patients (total no.) (81) (133) 
Sex 

Male 53 36 

Female 28 97 
Age (yr) 

Mean 53 39 

Range 35-73 6-64 
Hypertension duration (yr) 

Mean 4.1 3.5 

Range 0-23 0-22 
Family history of hypertension 31 41 
Unsatisfactory response to 

medical therapy 58 86 
Blood pressure, mean 

systolic/diastolic (mm Hg) 212/124 194/122 
Fundus grouping 

Angiospastic 15 60 

Groups 1 and 2* 46 65 

Groups 3 and 4* 20 8 
Abdominal bruit 

Patients (no. examined) (69) (104) 

Systolic-diastolic 14 5 

Continuous 11 71 

None 44 28 
Cardiac disease 

Angina pectoris 11 2 

Myocardial infarction 12 1 

Congestive heart failure 8 1 
Cerebrovascular disease 

Transient ischemic episodes 4 1 

Cerebrovascular accident 1 1 


* Keith-Wagener-Barker classification. 


cially if it is of long duration—is secondary to some 
cause that may be identifiable. 

Duration of hypertension: Among the 214 pa- 
tients in our study, the known duration of hyperten- 
sion ranged from 0 to 23 years. The average known 
duration was approximately 3.8 years for the entire 
group, and was slightly longer among patients with 
atheromatous renal artery disease. This finding is 
distinctly in contrast to earlier impressions that 
renovascular hypertension is of short duration. 
Nonetheless, when hypertension is of acute onset— 
and particularly if it is symptomatic—the physician 
should strongly suspect that it is secondary. Target 
organ damage is more frequently associated with hy- 
pertension of long duration, whether primary or sec- 
ondary; and indeed patients with renovascular hy- 
pertension may no longer be satisfactory surgical 
candidates when the diagnosis is established. 

Even when the onset of hypertension is not acute 
and there is no evidence of renal disease, the physi- 
cian should strongly suspect the presence of some 
cause if the patient is known to have been normoten- 
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sive in the recent past. This is particularly true of 
younger patients, especially young women. Fibro- 
muscular dysplasia of the renal arteries with hyper- 
tension occurs most often in young women in our ex- 
perience. Of the 214 patients, 89 were male and 125 
female; but 97 of 133 with fibromuscular dysplasia 
were female, whereas 53 of 81 with atheromatous le- 
sions were male. With fibromuscular disease the 
mean age was 39 years, and with atheromatous dis- 
ease approximately 53 years. 

Symptoms: Symptoms did not occur often and 
consisted mainly of headache, visual disturbances 
and vague giddy sensations. Uncommonly there was 
flank pain strongly suggestive of renal colic or a 
renovascular accident. In general, the more severe 
the elevation of blood pressure, the more frequent 
and more severe the symptoms. In our experience, 
symptoms associated with primary or secondary hy- 
pertension commonly are relieved with medical or 
surgical control of blood pressure.2? Symptoms asso- 
ciated with the target organ damage—mostly cardio- 
vascular, cerebrovascular, or renal—were described 
by 30 patients, including 12 with a renal vascular acci- 
dent and renal infarction, 13 with myocardial infarc- 
tion and 2 with a cerebrovascular accident. Symp- 
toms of cardiovascular or cerebrovascular disease 
were encountered far more frequently in patients 
with atheromatous renal artery stenosis than in 
those with fibromuscular disease. 

Physical findings: Hypertension was severe in 
this selected group of patients; blood pressure aver- 
aged 212/124 mm Hg in patients with atheromatous 
disease and 194/122 mm Hg in those with fibromus- 
cular disease. Even when hypertension is severe, ab- 
normal physical findings other than evidence of ele- 
vated blood pressure may be few; but we have gener- 
ally found it rewarding to devote particular attention 
to the optic fundi and to search diligently for 
abdominal bruits. 

Retinal examination in all patients in the study 
group was performed by an ophthalmologist. In 75 


patients the abnormalities of retinal arterioles were: 


limited to focal constrictions and narrowing and 
-were classified as ‘‘angiospastic.”’ Retinal arteriolar 
sclerosis without exudates or papilledema was found 
in 111 cases, which were assigned to groups 1 and 2 
of the Keith-Wagener-Barker classification of hyper- 
tension. Evidence of more severe funduscopic 
changes, including exudates or papilledema, or both, 
were noted in 28 cases, and these were assigned to 
.groups 3 and 4. There was a general correlation be- 
tween the severity of funduscopic changes, the sever- 
ity of blood pressure elevation, and the age of the 
patient; however, the duration of hypertension did 
not correlate with the severity of funduscopic find- 
ings. 

Abdominal vascular bruits were sought in 173 of 
the 214 cases, and high-pitched bruits of continuous 
or systolic-diastolic duration were heard in 101. The 
incidence was greater among the patients with fibro- 
muscular disease. Because a high incidence of systol- 
ic bruits had been found before among patients 
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whose angiograms disclosed no evidence of renal ar- 
tery stenosis, the notation of a systolic bruit of short 
or medium duration was not considered of diagnostic 
significance; 72 patients were found to have only sys- 
tolic bruits or none.?8 

Evidence for congestive heart failure was observed 
at the initial physical examination in six patients 
(five with atheromatous and one with fibromus- 
cular disease). Three additional patients had evi- 
dence of cardiac enlargement and were receiving dig- 
italis and diuretic therapy because of congestive. 
heart failure demonstrated previously by the refer- 
ring physician. Increased intensity of the aortic com- 
ponent of the second heart sound was noted in virtu- 
ally all patients and was considered a reflection of 
the severity of hypertension. In rare cases, systolic- 
diastolic or continuous bruits were heard over the 
extracranial carotid arterial system, and in some of 
these subsequent angiograms showed atheromatous 
or fibromuscular stenosis of the carotid vessels. 


Laboratory Investigations 


Hypokalemia (serum potassium less than 3.8 
mEqg/liter) was demonstrated in 44 patients (Table 
II). Most patients, however, had undergone diuretic 
therapy within 1 week before the study. Hypercal- 
cemia of slight degree was demonstrated in 4 pa- 
tients and hyperuricemia of mild or moderate degree 
in 17, all of whom had recently had diuretic antihy- 


TABLE II 


Laboratory Findings in 214 Cases of Renal Artery Stenosis 
with Hypertension 


Type of Stenosis 
Athero- Fibro- 
Feature matous muscular 
Patients (total no.) (81) (133) 
Hypokalemia 
(serum potassium «3.8 mEq/liter) 24 20 
Hypercalcemia 
(serum calcium 210.1 mg/dl) 3 1 


Hyperuricemia 
(serum urate 76.0 mg/dl in female, 
28.0 mg/dl in male patients) 11 ^6 
Excessive serum creatinine 
21.0 mg/dl in female patients, 


21.2 mg/dl in male patients 16 11 
Electrocardiographic abnormality 44 27 
Myocardial infarction 12 1 
Excretory urography 
Patients (no. examined} (81) (132) 
Length difference >1.5 cm, concentration 
difference, ureteral scalloping 47 99 
Isotope renography 
Patients (no. examined) (67) (113) 
Abnormal function 61 98 
Lateralization indicated 43 86 
Differential function test 
Patients (no. examined) (72) (93) 
Lateralization indicated 59 82 
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pertensive treatment. Serum creatinine values were 
abnormal in 27 patients, 16 of whom had atheroma- 
tous and 11 fibromuscular stenosis. Electrocardio- 
graphic abnormalities were observed in 71 cases. Left 
ventricular hypertrophy was indicated in most, but 
there was evidence of previous myocardial infarction 
in 12 patients with atheromatous disease and in 1 
with fibromuscular disease. In three patients with 
diabetes mellitus of late onset, the condition had been 
known previously, and they did not require insulin 
therapy. (Patients requiring insulin therapy for dia- 
betes and those with other long-standing endocrine 
problems had been excluded from the study.) 


Excretory urography was accomplished in 213 
cases (being omitted in the other one because of a 
history of sensitivity to contrast medium) (Table II). 
Abnormality was recorded when the pole-to-pole di- 
ameter of the two kidneys differed by 1.5 cm or 
more, the contrast medium was late to appear and 
diminished in concentration in the early films of the 
rapid sequence study, or so-called ureteral scalloping 
by collateral circulation was observed. One or more 
of these abnormalities occurred in 146 cases—47 (58 
percent) of those with atheromatous stenosis and 99 
(75 percent) of those with fibromuscular disease. 
Notching of the ureters (so-called scalloping) by 
' large collateral arteries was observed in only 16 pa- 
tients, of whom 14 had fibromuscular renal artery 
stenosis. 


Isotope renography was accomplished in 180 cases 
(Table II). Of the 81 patients with atheromatous dis- 
ease, 67 were studied. Evidence of unilateral or bilat- 
eral reduced renal function was found in 61 (91 per- 
cent), with lateralization to the involved or more se- 
verely involved side in 43 (64 percent). Isotope reno- 
grams made in 113 of the 133 patients with fibro- 
muscular disease showed unilateral or bilateral ab- 
normalities of renal function in 98 (87 percent), with 
lateralization in 86 (76 percent). Diminished clear- 
ances of inulin and p-aminohippuric acid (PAH) 
usually could be predicted from the isotope renogram, 
although the renograms of some patients with minor 
decreases in renal plasma flow were normal. 


Function of the individual kidneys was assessed by 
ureteral catheterization in 165 patients, of whom 72 
had atheromatous and 93 fibromuscular disease 
(Table II). Functional lateralization was found in 59 
(82 percent) of those with atheromatous lesions and 
82 (88 percent) of those with fibromuscular disease. 
In cases without differential study, total renal func- 
tion was measured by 24 hour clearances of endoge- 
nous creatinine or by standard clearances of inulin 
and PAH. The PAH clearance indicated that total 
renal function was subnormal in all patients with 
atheromatous renal artery stenosis. In patients with 
fibromuscular stenosis, even significant deficiency of 
renal plasma flow on the side with stenosis or more 
severe stenosis often was countered by functional hy- 
pertrophy of the contralateral kidney; and the total 
renal plasma flow was far less often diminished by 20 
percent or more (the limit of normal in our laborato- 


ry) from mean normal values. Virtually always, ef- 
fective renal plasma flow was decreased more than 
glomerular filtration, which commonly was normal 
despite a 20 percent or greater reduction of plasma 
flow. Unilateral or bilateral renal damage from the 
hypertensive process or renal artery stenosis, or both, 
may not be detectable by tests of glomerular func- 
tion such as the serum creatinine concentration or 
clearance of creatinine or of inulin until it is of mod- 
erate or moderately severe degree. 

Renal angiography was carried out in all 214 pa- 
tients. The location, type and severity of renal ar- 
tery stenosis were determined in accordance with cri- 
teria previously described by our group.?? Unilateral 
or bilateral atheromatous stenosis was found in 81 
cases and fibromuscular disease in 133. With rare ex- 
ceptions, atheromatous stenosis was most severe in 
the aortic orifice of the renal artery or the proximal 
third of the artery. Fibromuscular disease more char- 
acteristically involved the. distal two thirds or three 
fourths of the renal artery and the proximal portions 
of the primary branches. In general, it was possible 
to predict fairly well the histologic type of fibromus- 
cular disease as described by our group?? and as 
classified by Harrison and McCormack.?! Decisions 
were most difficult when tubular (cylindrical) fibro- 
muscular dysplasia was suspected to involve most or 
all of the main renal artery and its primary and sec- 
ondary branches. 

Renin activity in the peripheral or renal vein plas- 
ma was studied in only a few cases. Moreover, before 
1966 it was our practice to study patients without 
particular reference to dietary sodium and without 
accomplishing acute volume depletion to stimulate 
the renin-angiotensin system.?9 The bioassay tech- 
nique often indicated normal or low peripheral or 
renal vein renin activity in patients subsequently 
proved to have remediable renovascular hyperten- 
sion. In this study, therefore, to determine the func- 
tional significance of angiographically demonstrated 
renal artery stenosis we relied on the physical find- 
ings (bruit), excretory urogram. isotope renogram 
and especially the differential determinations of 
renal function. 


Treatment and Results 


In accord with the design of the prospective study, 
all patients were initially given medical antihyper- 
tensive therapy. In 18 cases of accelerated hyperten- 
sion (group 3 or 4 by the Keith-Wagener-Barker 
classification) medical management was continued 
only so long as was necessary to complete the diag- 
nostic investigation and prepare the patient for sur- 
gery. In these cases, surgery was clearly the treat- 
ment of choice because of the severity of the hyper- 
tension, the relatively young age of the patient or 
previous failure to accomplish satisfactory blood 
pressure control despite a vigorous medica! regimen. 
Another 82 patients treated for 1 to 3 months with 
medical programs developed by the investigators 
were subsequently transferred to surgical manage- 
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TABLE Ill 
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Results of Surgical Treatment in 100 Cases of Renal Artery Stenosis with Hypertension 


ee ——————— 


Fibromuscular Stenosis 
(63 patients) 
Follow-Up Interval 
(range and mean) (yr) 


Atheromatous Stenosis 
(37 patients) 
Follow-Up Interval 
(range and mean) (yr) 








la UTE quce c— ov ——————À eee ee 


Surviving patients (total no.) 

Survivors with diastolic blood pressure «90 mm Hg 
No medication 
Mild medication 

Survivors taking sympatholytic drugs 


5-10 7-12 1-8 5-12 7-14 
(3.6) (7.0) (8.8) (3.0) (7.0) (8.8) 
29 26 62 60 58 
13 12 41 39 39 
14 12 15 16 15 
2 2 6 5 4 
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ment because of failure to bring the diastolic blood 
pressure below 100 mm Hg or evidence that renal 
function was diminishing, or both. There remained 
114 patients whose medical antihypertensive therapy 
was continued for more than 3 months, and this 
group is considered separately although 16 patients 
so treated were transferred to surgical management 
(but not to the surgical group reported) 6 months to 
5 years after the initiation of medical therapy. 
Surgical: A total of 111 operations were per- 
formed in the 100 patients (40 operations in 37 with 
atheromatous stenosis and 71 operations in 63 with 
fibromuscular dysplasia). Secondary operations were 
required in 11 cases, usually because of renal infarc- 
tion subsequent to earlier reconstructive surgery; 3 of 
these were repairs and 8 were nephrectomies. Among 
the 100 cases, the definitive procedure was repair in 
28, bypass in 25 and nephrectomy (primary or secon- 
dary) in 47. Of these 47 patients who required ne- 
phrectomy, 35 had fibromuscular dysplasia involving 
the distal main renal artery or its primary and sec- 
ondary branches, or both, and 8 had renal infarction 
caused by dissecting hematoma of the renal artery. 
Follow-up data on the 100 surgical patients are 
presented in Table III. Of the 100 patients, 99 sur- 
vived a minimum of 1 year (1 died 9 months after 
operation); 89 survived 5 years; and 84 had survived 
for a minimal postoperative period of 7 years at the 
latest follow-up examination, in December 1972. The 
longest period of postoperative follow-up of living 
patients is now 14 years. Twenty-six of 37 patients 
with atheromatous renal artery stenosis survived for 
a minimum of 7 years as did 58 of 63 patients with 
fibromuscular dysplasia. (The mean survival period 
in each subgroup was 8.8 years.) Among the 84 living 
patients, 51 were normotensive without medication, 
27 required diuretic or methyldopa therapy, or both, 
and 6 required sympatholytic agents at the latest in- 
quiry. Of the 16 patients who required sympatholytic 
agents during the first year after operation, 10 died. 
Among all 16 surgical patients who died after op- 
eration, 11 had atheromatous stenosis and 5 had 
fibromuscular dysplasia. Six died of myocardial in- 


farction, four of stroke, and three of renal failure; 
three who were normotensive died of causes appar- 
ently not directly related to the hypertensive process 
(ruptured duodenal ulcer, intestinal infarction and 
visceral malignancy, respectively). One patient who 
died of renal failure had angiographic evidence of re- 
current and progressive atheromatous renal artery 
stenosis more than 5 years after operation. Dimin- 
ished renal function was demonstrated in other pa- 
tients with or without angiographically proved pro- 
gression of renal artery disease. 

Medical: Of the 114 patients selected for medical 
antihypertensive therapy, 44 had atheromatous and 
10 fibromuscular renal artery disease. In 62, results 
of previous medical management had been consid- 
ered unsatisfactory by the referring physician. The 
hypertension of patients selected for medical treat- 
ment generally was somewhat less severe than that 
of the surgical group, and their mean age was greater 
(by approximately 3 years in the subgroup with ather- 
omatous disease and 5 years in the subgroup with 
fibromuscular dysplasia). Otherwise, the two groups 
did not differ significantly. 

Control of dietary sodium (demonstrated by uri- 
nary excretion of less than 100 mEq of sodium in 24 
hours) was taken as a primary goal of treatment. 
The test was made on a regular schedule, usually at 
3 month intervals, and in most cases the excretion 
was less than the limit on the majority of occasions. 
When renal function was essentially normal as dem- 
onstrated by clearance techniques, the initial antihy- 
pertensive treatment was administration of thiazide 
diuretic agents in a dosage equivalent to 100 mg or 
less of hydrochlorothiazide daily. If renal function 
was somewhat reduced or if the serum potassium 
concentration was low, or both, spironolactone was 
given alone or in combination with a thiazide diuret- 
ic drug. Because of potential problems of hyperkale- 
mia or hypokalemia, spironolactone or thiazide di- 
uretic therapy ordinarily was discontinued or re- 
stricted to intermittent use when glomerular filtra- 
tion was less than 40 percent of normal. When addi- 
tional antihypertensive agents were required, 
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TABLE IV 


Results of Medical Treatment in 114 Cases of Renal Artery Stenosis with Hypertension 


——————M——————————M—————À— 


Atheromatous Stenosis 
(44 patients) 
Follow-Up Interval 
(range and mean) (yr) 


Fibromuscular Stenosis 
(70 patients) 
Follow-Up Interval 
(range and mean) (yr) 














1-8 
(3.8) 

Patients who died 3 
Patients operated on 2 
Patients surviving with medication 39 
With good control of blood pressure* 33 
With poor control of blood pressure 6 


5-12 7-14 18 5-12 7-14 


(7.1) (9.0) (3.9) (7.2) (9.1) 
16 27 0 5 12 
7 7 2 9 9 
21 10 68 56 49 
15 9 59 48 43 
6 1 9 8 6 
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* Diastolic blood pressure <100 mm Hg most of the time. 


methyldopa usually was added to the initial program 
if the diastolic blood pressure had been reduced to 
less than 110 mm Hg but not brought within satis- 
factory control (less than 100 mm Hg). When the di- 
astolic blood pressure remained at levels of 110 mm 
Hg or more despite control of dietary sodium and 
employment of diuretic agents, we ordinarily added 
guanethidine, rather than methyldopa, to the treat- 
ment program. Patients requiring more than control 
of dietary sodium and diuretic antihypertensive 
agents for management usually were taught to mea- 
sure their own blood pressure so that they could 
maintain a home record and participate in regulat- 
ing the dosage of more potent antihypertensive 
agents. 

The results of medical treatment for 114 patients 
with renal artery stenosis in minimal follow-up peri- 
ods of 1, 5 and 7 years are reported in Table IV. 
When our latest follow-up study was accomplished, 
27 (61 percent) of the 44 patients whose renal artery 
stenosis was atheromatous had died, and 7 (16 per- 
cent) had been transferred to surgical care (although 
their findings are not reported in the surgical group). 
There were 10 (23 percent) who continued to receive 
medical antihypertensive therapy, which was con- 
trolling the blood pressure satisfactorily in 9 of them 
7 years or longer after their acceptance into the 
study. Of the 70 patients with fibromuscular dys- 
plasia, 12 (17 percent) had died and 9 (13 percent) 
had undergone surgical treatment. However, blood 
pressure control was satisfactory in 43 of the 49 who 
were still alive and receiving medical antihyperten- 
sive therapy at that time. 

Altogether, 7 to 14 years after the 114 patients 
were selected for medical management, 16 had been 
transferred to surgical therapy; 59 were still receiving 
medical therapy, which was controlling the blood 
pressure satisfactorily in 52; and 39 had died. The 
causes of the 39 deaths were myocardial infarction in 
21 cases, stroke in 8, renal failure in 8 and factors 
unrelated to the hypertensive problem in 2. In four of 
seven patients with unsatisfactory blood pressure 


contro! the impairment of renal function progressed 
and subsequently necessitated chronic intermittent 
hemodialysis or renal transplantation. 


Physiology of Renovascular Hypertension 


Functional Manifestations 


Development of superior techniques and technolo- 
gy for visceral angiography renewed the interest in 
surgical management of hypertension associated 
with renal and renovascular lesions. However, like 
nephrectomy for apparent parenchymal renal dis- 
ease, repair of demonstrated renal artery lesions or 
nephrectomy did not necessarily result in relief of 
hypertension or improvement of renal function. In- 
deed, renal artery stenosis was demonstrated in nor- 
motensive subjects studied by renal angiography for 
purposes unrelated to elevation of blood pressure and 
was shown to increase in frequency and severity with 
increasing age among normotensive and hypertensive 
subjects studied at necropsy.3?-3* Preoperative proof 
of a cause and effect relation between demonstrated 
renal artery stenosis and associated hypertension was 
obviously desirable in each particular case, as was 
formulation of criteria for selection of patients for 
medical or surgical management. The clinician need- 
ed to know not only which patients to select for ex- 
tensive diagnostic investigation but also when a 
demonstrated lesion was physiologically significant 
and whether correction by repair or nephrectomy 
would relieve the associated hypertension. 

Differential renal function study: The kidneys of 
a normal person seldom differ significantly in func- 
tion, and Hulet et al.35 considered that differences 
greater than 15 percent were abnormal. When there 
is disparity in renal mass, as with multiple renal ar- 
teries or unilateral bifid renal collecting system, the 
renal hemodynamics may differ; but even so, the 
renal tubular reabsorption of filtered solute and the 
urinary concentrations of endogenous and exogenous 
substances usually are almost alike.25 White396 dem- 
onstrated that mild constriction of one renal artery 
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in the dog lessened the amount of urine from the 
kidney it supplied and that more severe constriction 
reduced the concentration of sodium and the glomer- 
ular filtration and effective renal plasma flow. Under 
conditions of salt and water overload, the contralat- 
eral kidney became the diuretic and saluretic organ. 

Howard et al.?7 adapted the laboratory observa- 
tions of White to the human hypertensive model and 
developed a technique for differential testing of renal 
function through the collection of urine from the sep- 
arate kidneys. These investigators, and subsequently 
many others, demonstrated in hypertensive patients 
that when unilateral severe renal artery stenosis less- 
ens the ipsilateral production of urine by 50 percent 
or more and the urinary concentration of sodium by 
15 percent or more and increases the concentration 
of unreabsorbable solute (inulin or creatinine) by 50 
percent or more, the hypertension can be relieved by 
repair of the renal artery to the involved kidney or 
possibly by nephrectomy. 

When renal artery stenosis is bilateral, detection of 
a functionally significant lesion by lateralization, as 
described, usually is more difficult. Whether the le- 
sions are bilateral or unilateral, however, ameliora- 
tion or relief of hypertension is uncommon if laterali- 
zation cannot be confirmed by differential renal 
function study, renal vein renin activity determina- 
tions or demonstration of a continuous bruit. In our 
study, differential renal function studies in 74 pa- 
tients before operation demonstrated lateralization 
in 67; of the 7 in whom lateralization was not estab- 
lished, only 1 experienced lasting amelioration of as- 
sociated hypertension. This patient had bilateral 
fibromuscular disease and bilateral severe stenosis 
with continuous bruits. The evidence suggests that 
the hypertensive process was influenced essentially 
equally by either kidney. 

Our group has noted that stenosis of the primary 
branches of the main renal artery, stenosis of an ab- 
errant artery without involvement of the main renal 
artery, or incomplete renal infarction on the ipsilat- 
eral side may produce renal excretory characteristics 
that do not conform to the criteria of Howard et al.?7 
We have found that under such circumstances the 
percentage reabsorption (or excretion) of filtered so- 
dium and water may give a more reliable indication 
of a functionally significant lesion.?5.38 

Similarly, severe renal artery stenosis with severe 
atrophy of the attached kidney or severe stenosis of 
one renal artery with contralateral severe arteriolar 
nephrosclerosis may produce less than the specified 
functional effects on the Howard test (decrease of 
urinary volume by 50 percent or more and of urinary 
sodium concentration by 15 percent or more, in- 
crease in concentration of unreabsorbable solute by 
more than 50 percent). But in our experience with 
these circumstances, if the percentage reabsorption 
of filtered sodium and water on the involved side ex- 
ceeds that on the other side by 1 percent or more, 
the demonstrated stenosing renal artery lesion is 
functionally significant. 
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Correlation with surgical indication and re- 
sults: Stamey3? observed that nephrectomy, even 
when differential renal function study has demon- 
strated lateralization, may not relieve or ameliorate 
associated hypertension. He observed that when 
contralateral effective renal plasma flow is only mod- 
erately reduced (still at least 250 ml/min), the prob- 
ability of a good surgical result is far greater than 
when diminution is more severe. Our study con- 
firmed these observations of Stamey. However, our 
experience is that the contralateral impairment of 
function has small likelihood, if any, of affecting the 
results of repair of the ipsilateral stenosis. Indeed, 
unlike some investigators, we have not found it nec- 
essary to undertake contralateral nephrectomy to re- 
lieve hypertension when an ipsilateral repair can be 
effected. 

Although differential renal function studies, which 
require cystoscopy and catheterization of both ure- 
ters under spinal anesthesia, have been performed 
less frequently in our institution since the advent of 
satisfactory and reproducible measurement of renin 
activity in the renal vein plasma, we continue to 
consider this technique the yardstick by which other 
methods of assessing functionally significant lesions 
must be compared. Generally, a good correlation can 
be effected when function of the separate kidneys is 
assessed qualitatively by isotope renography and 
when total renal function is determined by standard 
clearances of inulin and PAH. When total renal 
function is severely diminished (clearances of inulin 
or creatinine less than 50 ml/min), operative inter- 
vention for management of patients with renal artery 
stenosis and hypertension probably should not be at- 
tempted unless the stenosed or more severely sten- 
osed renal artery can be repaired.*° 


Pressor and Depressor Mechanisms 


The function of the renin-angiotensin-aldosterone 
system in the regulation of body sodium, fluid vol- 
ume and blood pressure has been defined; and Lar- 
agh et al.*! recently provided a detailed review of the 
normal and abnormal physiology related to elevation 
of blood pressure. Sodium balance, dietary sodium 
and acute changes in blood pressure and extracellu- 
lar volume greatly influence the renin activity in the 
peripheral and renal vein blood and aldosterone se- 
cretion and excretion. In subjects with normotension 
and mild hypertension— primary, renal or renovascu- 
lar—the aldosterone secretion and plasma renin ac- 
tivity are relatively low when renal function is nor- 
mal. When primary or secondary hypertension is se- 
vere and when renal function is significantly im- 
paired, renin activity and aldosterone excretion com- 
monly are increased. Salt and water overload, even 
in the absence of edema, may suppress excessive 
renin and aldosterone secretion; and we have ob- 
served normal or low values for peripheral or renal 
vein renin activity in patients with severe primary or 
secondary hypertension when total body water and 
exchangeable total body sodium were increased.*? 
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Many pharmacologic agents may interfere with as- 
sessment of the renin-angiotensin-aldosterone sys- 
tem: cyclic progestational agents and estrogens in- 
crease the production of renin substrate; methyldopa 
and other agents interfere with the function of the 
autonomic nervous system; and diuretic antihyper- 
tensive agents cause changes in salt and water me- 
tabolism. Similarly, alterations in potassium balance 
may stimulate the adrenal cortex to increase or de- 
crease aldosterone production and may influence the 
juxtaglomerular apparatus to decrease or increase 
renin production. Although the mechanisms through 
which increased secretion of renin and aldosterone 
causes secondary hypertension are not yet complete- 
ly defined, there is growing evidence that vascular 
injury can result from an excess of renin or angioten- 
sin, 43.44 

Plasma renin activity and surgically correct- 
able hypertension: Our study demonstrated that 
renin activity in the peripheral and renal vein plas- 
ma, serum concentrations of sodium and potassium, 
water balance, aldosterone excretion and body 
weight often were influenced by the recent use of di- 
uretic drugs and other antihypertensive agents, 
sodium restriction and endocrine therapy. Indeed, 
occasionally patients with surgically remediable 
renal artery stenosis and hypertension were found to 
have normal or low values for renin activity in the 
peripheral or renal vein blood and no lateralization 
unless acute volume depletion was effected. In other 
studies Strong et al.26 demonstrated an increase in 
values for renin activity and a much higher incidence 
of lateralization in patients with renal artery steno- 
sis. They also found an increased predictability of 
surgical cure of associated hypertension when the 
patient had been prepared for the test by withhold- 
ing medication (except guanethidine) for 30 days or 
more and effecting acute volume depletion by a regi- 
men in which—each day for 3 days—sodium intake 
was limited to 20 mEq and potassium to 90 mEq 
and 1 g of chlorothiazide was given. Our group has 
observed also, in this study and in subsequent expe- 
rience, that patients who do not experience acute 
volume depletion (weight loss of 3 percent or more) 
commonly have normal values for excretion of aldo- 
sterone and low values for peripheral vein renin ac- 
tivity before and after such preparation. In addition, 
these patients usually provide evidence of expanded 
extracellular fluid volume, increased total body 
sodium, and normal or decreased total body po- 
tassium. 

As a result of these observations, we have adopted 
the indicated practices in our searches for potentially 
correctable adrenal cortical, renal or renovascular 
hypertension: obtaining a control value for renin ac- 
tivity by upright study after the 30 day preparation 
described, then applving our 3 day dietary and di- 
uretic regimen and repeating the upright peripheral 
vein renin activity study or renal vein renin activity 
determination, or both. Observations from three pa- 
tients with renovascular hypertension studied under 
conditions of normal dietary sodium, sodium deple- 


tion and sodium repletion are illustrated in Figure 1. 
We rarely consider it advisable to perform renal vein 
renin activity determinations in patients who do not 
respond adequately to the diuretic regimen because 
the frequency of stimulation of the renin-angioten- 
sin-aldosterone system is very low in such cases. In- 
deed, this observation may prove useful in screening 
for adrenal cortical hypertension. 

We have found it highly desirable to prepare pa- 
tients for study of renal vein renin activity by giving 
atropine before sampling. Otherwise, many salt-de- 
pleted patients experience acute apprehension, nau- 
sea and bradycardia with a reduction of arterial 
pressure that may result in a rapid rise of renin ac- 
tivity during X-ray examination. Under such cir- 
cumstances the level of renin activity in the inferior 
vena cava or renal veins may reflect the order of 
sampling rather than true values, and false laterali- 
zation may be demonstrated or actual lateralization 
obscured. This reaction is rarelv encountered after 
preparation with atropine. However, we still observe 
the patient closely during the study procedure to 
confirm that no striking change has occurred in 
pulse rate or blood pressure, and we allow time for 
the patient to achieve a steady state so that the 
samples drawn will be representative. 

In a study conducted by this method, our group 
found that of 75 patients who underwent nephrecto- 
my or technically successful repair of a renal artery 
lesion, 85 percent had lower blood pressure or were 
normotensive at follow-up study 6 to 48 months after 
operation.*? The patients with hypertension of more 
than 5 years’ known duration and those whose re- 
duction of renal function was moderate or severe 
(inulin clearance less than 50 ml/min) had a lower 
proportion of favorable results from surgical manage- 
ment. In cases of angiographically proved renal ar- 
tery stenosis, we prefer to determine total renal re- 
serve by a standard clearance technique, determine 
the function of the separate kidneys in qualitative 
terms by isotope renography and determine the 
functional significance of the renovascular lesion by 
measurement of renin activity in the renal vein plas- 
ma and inferior vena cava in order to select patients 
for medical or surgical management. 

Prostaglandins and renovascular hypertension: 
Many investigators have shown that the renal me- 
dulla is an effective antihypertensive organ. The 
renal medulla probably produces the vasodepressor 
prostaglandins PGE2 and PGAs, a neutral antihy- 
pertensive lipid, and possibly additional depressor 
substances.*6-49 Muehrcke et al.5° and subsequently 
Tobian and Ishii?! reported changes in interstitial 
cell granules of the renal papilla and medulla in ex- 
perimental hypertension. Our group?? has noted dif- 
ferences in the renal vein plasma concentration of 
immunoreactive prostaglandins of the vasodepressor 
E and A series in patients with renal artery stenosis 
and renovascular hypertension. Although the precise 
function of the prostaglandins in primary and secon- 
dary hypertension remains to be defined, the evi- 
dence at least suggests that an alteration in the 
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product of the pressor and depressor substances— 
either an increase in pressor substances or a decrease 
in depressor substances, or both—may be an impor- 
tant determinant of a normotensive or hypertensive 
state. 


Natural Course of Renal Artery Stenosis 


Fibromuscular disease: The origin of fibromuscu- 
lar disease of the renal arteries is unknown. Until re- 
cent years, when visceral angiography was profound- 
ly improved by new techniques and technology, 
these lesions were not often recognized during life 
and were even less frequently described at autopsy. 
In a study of 295 consecutive and unselected autopsy 
cases published in 1964, Holley et al.3* found no 
fibromuscular dysplasia of the renal arteries. Since 
then, however, special stains have made the identifi- 
cation of fibromuscular disease much less difficult; 
and Heffelfinger et al.5? recently found it in the large 
muscular arteries, especially the visceral arteries, of 
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approximately 2 percent of cases in unselected nec- 
ropsy series. The process seemed more extensive and 
more severe in older persons, especially if they were 
hypertensive. Fibromuscular dysplasia has been ob- 
served in the renal arteries of normotensive persons 
at autopsy and at renal angiography for evaluation 
as renal transplant donor candidates. Some of these 
donor candidates have been hypertensive on subse- 
quent follow-up study, and we have presumed (with- 
out angiographic confirmation) that the severity of 
the renal artery disease has progressed. Stewart et 
al.54 have believed that fibromuscular disease of cer- 
tain types probably is not progressive, or that it pro- 
gresses only slowly. However, Kincaid et al.?* and 
Sheps et al.55 found from serial renal angiographic 
studies that most forms of fibromuscular dysplasia 
are progressive, as best can be determined radio- 
graphically. From these studies it seems highly prob- 
able that there is a faster rate of progression in hy- 
pertensive subjects. Atheromatous stenosis also de- 
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FIGURE 1. Effect of sodium (Na) restriction or depletion on renal vein renin activity in three patients with renovascular hypertension. 
Sampling was performed on three occasions by the Seldinger technique? first, after 3 days of diet containing 135 mEq of sodium and 
90 mEq of potassium; second, after 5 days of diet containing 20 mEq of sodium and 90 mEq of potassium (all panels) with addition of 
chlorothiazide, 0.5 twice daily (middle and right panels); third, after intravenous infusion of 500 ml of 3 percent sodium chloride, then 3 
days of diet containing 180 mEq of sodium and 90 mEq of potassium. Sodium restriction or depletion increased the excess of renal 
vein renin activity from the more severely affected side more than that from the contralateral side (affected /unaffected ratio, bottom 
line). The shaded area represents the difference between renin activity of venous plasma from the more severely affected side and that 
in plasma from the low inferior vena cava—which is the same as arterial plasma renin activity4® and so reflects renin secretion en- 
hanced by sodium restriction or depletion. Even when renin secretion was increased by this maneuver, renin activity in venous plasma 
from the less severely affected kidney remained less than that in plasma in the low inferior vena cava, indicating no renin secretion 
from that side. In two patients (left and right), sodium loading decreased the renal vein renin activity ratio by decreasing renin secre- 
tion from the more severely affected side— even reversing lateralization in one of them (left). The renal vein renin activity ratio was 
greater than 1.5:1 with a normal diet (135 mEq of sodium, 90 mEq of potassium) in one (left) of the three patients, paralleling 35 per- 
cent incidence of lateralizing renal vein renin activity ratio in the group studied prospectively.29 With sodium restriction or depletion, 
correlation of lateralization of renal vein renin activity with results of renovascular surgical repair or nephrectomy rose to 90 percent in 
that patient group,2® paralleling enhancement observed among the three cases represented in this figure. FMD = fibromuscular dis- 
ease of renal artery; i.v. = intravenously; |.V.C. = inferior vena cava; L = left; P.R.A. = plasma renin activity (ng/liter per min); R — 
right. 
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veloped in patients with hypertension and fibromus- 
cular dysplasia of the renal arteries, usually within 
the aorta or proximal segment of the renal artery. 
Atherosclerotic disease: In a necropsy study, 
Holley et al.34 demonstrated that atheromatous ste- 
nosis of the renal arteries rarely becomes moderate 
or severe in normotensive or hypertensive subjects 
before the fourth decade, but thereafter the frequen- 
cy and severity of stenosis increase with age. Wollen- 
weber et al.99 studied the clinical course of athero- 
selerotic renovascular hypertension in 109 patients 
and observed renal artery changes by serial renal an- 
giography in 30 of them. Whereas the estimated 5 
year survival rate in a similar normal population was 
92 percent, among the hypertensive patients studied 
it was 67 percent—and the rate of survival without 
symptomatic cardiovascular disease was 53 percent. 
Good control of blood pressure seemed to improve 
the prognosis in regard to life but not in regard to 
symptomatic cardiovascular episodes. Serial renal 
angiography in 30 cases provided evidence of pro- 
gression of the disease in half of the involved arteries 
and showed that three previously normal arteries be- 
came diseased. The progressive nature of renal artery 
atherosclerosis was further reflected by impairment 
of function and loss of renal mass as demonstrated 
by clearance studies, isotope renography and excre- 


tory urography. 


Progression of renovascular disease: In our series 
of 214 cases, progressive impairment of renal func- 
tion was observed in patients treated medically and 
surgically. Angiographically proved progression of 
fibromuscular or atheromatous stenosis necessitated 
surgical intervention in some cases as long as 5 years 
after the initiation of medical therapy. In cases with 
bilateral lesions, progression of stenosis on the side 
less severely involved (and contralateral to that op- 
erated on initially) necessitated reoperation in four 
patients with fibromuscular dysplasia and in three 
with atheromatous stenosis. One of the latter experi- 
enced recurrent bilateral disease that resulted in 
renal failure and death 6 years after amelioration 
had been effected by repair. If the renal artery is se- 
verely stenosed, lowering of the blood pressure by 
medical treatment causes further reduction of renal 
blood flow and may result in ischemic atrophy or 
even renal infarction.94.57 Therefore patients treated 
medically or surgically require close continued obser- 
vation. 

As a result of our observations of progressive and 
recurrent atheromatous and fibromuscular disease in 
medically and surgically treated patients with reno- 
vascular hypertension, we believe that quantitative 
assessment of renal function should be accomplished 
by standard clearance techniques and that the func- 
tion of the separate kidneys should be determined by 
isotope renography at least once yearly. If there is 
evidence of diminished renal function, unilateral or 
bilateral, excretory urography should be performed; 
and if renal mass also is reduced, repeat renal angi- 
ography is strongly desirable. Indeed, during recent 


years we have urged repeat renal angiography 1, 3 
and 5 years after reparative surgery in normotensive 
patients and in patients with residual hypertension. 
Our concept is that medical or surgical treatment of 
renal artery stenosis does not cure but provides vari- 
ous degrees of amelioration of an active and progres- 
sive disease process. 


Summary and Conclusions 


The clinical history may not be of aid in distin- 
guishing renovascular hypertension from primary hy- 
pertension or other types of secondary hypertension; 
however, the demonstration of hypertension in a pa- 
tient recently proved to be normotensive should 
cause keen suspicion. Renal artery stenosis is proba- 
bly the most common cause of secondary hyperten- 
sion in man. Renal artery disease—fibromuscular or 
atheromatous—should be recognized as an active 
and progressive process that may be ameliorated but 
not cured by medical or surgical treatment. 

Clinical examination of the hypertensive patient 
with renal artery stenosis may not provide a basis for 
the diagnosis. However, when examining the optic 
fundi, we have found a high incidence of angiospastic 
changes in the retinal arterioles of patients with hy- 
pertension of short, medium or long duration. In ad- 
dition, careful auscultation of the abdomen often re- 
veals a systolic-diastolic or continuous bruit if the 
renal artery stenosis is severe. Such a bruit should be 
considered confirmatory evidence of arterial stenosis 
or an arteriovenous fistula until proved otherwise. 
Bruits that are high in pitch, long in duration and 
loudest in the upper outer quadrants of the abdomen 
most commonly signify renal artery disease. In cases 
of mild or moderate stenosis and in patients with se- 
vere renal atrophy and diminished renal blood flow, 
diastolic or continuous bruits are less common. 

Currently there is much disagreement concerning 
the proper extent of laboratory investigation of hy- 
pertensive patients. We believe that these patients 
should have, in addition to the investigations ordi- 
narily accompanying a general examination, a rou- 
tine urinalysis and determinations of serum creati- 
nine and potassium. The latter studies should be 
performed after an appropriate period of abstinence 
from diuretic agents and other antihypertensive 
medications except guanethidine, which should be 
used as necessary to prevent major accidents from 
severe hypertension. It seems reasonable to perform 
excretory urography if the hypertension is moderate 
or severe or of recent onset, and especially if the pa- 
tient is young enough so that antihypertensive thera- 
py, if needed, would have to be maintained for many 
years. When results of these procedures suggest a 
renal or renovascular cause for hypertension, pa- 
tients whose general health and life expectancy are 
good enough to warrant consideration of surgical 
treatment should be studied by renal angiography. If 
this study confirms renal artery stenosis, we deter- 
mine the renin activity in peripheral vein blood (pa- 
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tient upright, normal sodium intake, without diuret- 
ic therapy) and the renal vein renin activity (after 
acute volume depletion by sodium restriction and 
use of diuretic agent). After proof that the stenosis is 
functionally significant by lateralization of the renal 
vein renin activity, we assess the total renal function 
by standard clearance techniques (clearances of inu- 
lin and PAH) and determine the function of the sep- 
arate kidneys in a qualitative fashion by isotope 
renography. This investigation provides a data base 
adequate for objective reassessment after medical or 
surgical treatment. 

From previous experience and from our current 
study we have found that the excretory urogram 
shows evidence of lateralization in approximately 70 
percent of patients with severe renal artery stenosis 
causing hypertension. When the stenosis is mild or 
moderate, lateralization on urography is much less 
common. Isotope renography shows lateralization in 
approximately 60 to 70 percent of cases with func- 
tionally significant lesions if performed when the pa- 
tients are dehydrated and in the upright position. 
However, this technique also affords a high incidence 
of artifacts that lessen the accuracy of assessment of 
function of the individual kidneys. Therefore we cur- 
rently utilize this procedure largely as a measure of 
total renal function and perform it with the patient 
supine and normally hydrated. This method gives a 
much lower incidence of lateralization to the in- 
volved side, but it provides good qualitative data on 
renal function, and we do not attempt to use it as a 
screening test. We rarely try to determine differen- 
tial renal function by cystoscopy and ureteral cathe- 
terization, but rely largely on determination of renal 
vein renin activity after acute volume depletion to 
confirm that the demonstrated lesion is functionally 
significant. 

The treatment of choice for renovascular hyperten- 
sion is surgical; however, we do not wish to imply 
that all patients with renovascular hypertension are 
surgical candidates. Further, we do not advocate ex- 
tensive investigation to demonstrate or exclude a 
renovascular cause of hypertension in all cases in 
which one probably exists. Indeed, we advocate that 
medical management be tried initially if the patient 
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is old (chronologically or physically) or if other 
health problems make the surgical risk high. This is 
especially desirable in symptomatic coronary artery 
disease with or without previous myocardial infarc- 
tion, since we have found that even attainment of 
normal blood pressure—by either renal artery sur- 
gery or medical treatment— does not prolong life sig- 
nificantly after symptomatic coronary heart disease 
has been demonstrated. We think this contraindica- 
tion is less than absolute for patients less than 50 
years of age. Also, the long-term prognosis of pa- 
tients with renovascular hypertension and previous 
cerebrovascular accidents seem to be improved by 
effective surgical or medical management of hyper- 
tension. 

In our prospective study of 214 cases, two approxi- 
mately equal groups of patients with severe renal ar- 
tery stenosis and severe hypertension were treated 
and followed up for 7 to 14 years (mean almost 9 
years). Patients submitted to surgical treatment had 
exceedingly severe hypertension (18 percent) or had 
not responded satisfactorily to medical treatment (82 
percent). However, if one considers only the survival 
data, surgical treatment produced satisfactory re- 
sults in many more patients than did vigorous con- 
tinuation of medical management. The death rate at 
latest follow-up study was 16 percent among surgi- 
cally treated patients and 40 percent among patients 
with medical treatment. In addition, more than 50 
percent of patients treated surgically remained nor- 
motensive without medication for 7 years or longer. 
The current study provides strong evidence to justify 
surgical management of patients with severe renal 
artery stenosis and severe hypertension if functional- 
ly significant lesions are demonstrated. As yet, we do 
not have evidence to justify an equally vigorous ap- 
proach to surgical treatment of patients with mild or 
moderate stenosis and mild or moderate renovascu- 
lar hypertension. In cases of these two categories, if 
medical. management maintains normotension and 
there is no evidence that renal function is dimin- 
ishing, we still rely on continuation of such manage- 
ment. More definitive studies should be made of the 
natural course of renal artery disease and hyperten- 
sion in patients with mild or moderate disease. 
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In our hypertension clinic currently attended by 321 patients who 
have presented with severe hypertension over the past 15 years we 
now commonly use a combination of a beta adrenergic blocking 
agent and a peripheral vasodilator. In addition, a drug of the ben- 
zothiadiazine group is always combined with other treatment. A re- 
cent review of results shows that in every patient with severe hyper- 
tension blood pressure can be satisfactorily controlled using a com- 
bination of these different agents. In the patients with the most se- 
vere and refractory forms of hypertension the use of orally adminis- 
tered diazoxide has had a dramatic effect in several patients, and 
this drug is sometimes combined with a beta adrenergic blocking 
agent. 

Our aim has been to control the blood pressure at a level of 150/ 
90 mm Hg or below with a minimum of side effects. Controlled trials 
have shown that this can often be achieved with a combination of a 
beta adrenergic blocking agent and a drug of the benzothiadiazine 
group. When this combination fails to achieve adequate control, the 
addition of a peripheral vasodilator will often achieve a satisfactory 
response. 

Our experience in patients with impaired renal function and severe 
hypertension suggests that sodium status and control of hypertension 
should be regarded separately. Not only does diazoxide, the most 
potent agent presently available, cause marked sodium retention but 
also, in a few patients, malignant hypertension will disappear or be- 
come much more easily controlled during correction of sodium de- 
pletion. This apparent paradox may in part represent suppression of 
very high renin levels. 


Severe hypertension implies much more than a high reading on a 
sphygmomanometer. No matter what precautions are taken to deter- 
mine that the method of measurement is accurate and reflects not 
only the intraarterial pressure but also the usual level in the patient 
under consideration, there are many other factors to be considered. 
Some of these are well recognized; for example, the relatively benign 
course of hypertension in a woman over age 50 has often been con- 
trasted with the severe consequences of hypertension in a young 
man. Hypertension in children and adolescents is rare and usually of 
renal origin! and thus often carries a serious prognosis. Blood pres- 
sure increases with age in most European populations.?-* This find- 
ing has probably had a major influence on the conservative manage- 
ment of hypertension in older persons and raises many questions: 
Does it reflect the fact that hypertension is a very common disease? 
Are the rising blood pressure levels merely part of the process of 
aging? What attitude should one adopt in the individual patient over 
the age of 70 years? 
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FIGURE 1. evelop 
a young woman whose blood pressure never rose above 140/90 
mm Hg. 


Apart from age and sex, race is undoubtedly impor- 
tant. Blood pressure does not increase with age in 
some races;? furthermore, even mild hypertension 
seems to carry serious implications in some races, in 
black Americans® for example. 

Pregnancy and the “hypertensive vascular" lesions 
associated with pregnancy (Fig. 1) not only develop 
in association with lower levels of blood pressure? 
but also may actually precede and cause hyperten- 
sion.5 Vascular lesions are also much more likely to 
be found in black American women than in white 
American women with pregnancy-induced toxemia.® 

How does the internist or family physician recon- 
cile his previous teaching about the benign course of 
hypertension in older patients with the scientifically 
correct epidemiologic evidence that his 55 year old 
patient with a diastolic blood pressure of 105 mm Hg 
is more likely to have a stroke if he is not treated? 19 
and with the apparent paradox that a young man 
with a diastolic blood pressure of 110 mm Hg may be 
admitted to a controlled trial in which it is planned 
to give him a placebo for 5 years? 

It is perhaps unfortunate that blood pressure read- 
ings are so easily obtained in large numbers. Multi- 
ple readings of figures have a great appeal to the 
statistician and epidemiologist, but a patient cannot 
and should not be looked upon as a systolic and dia- 
stolic blood pressure reading.!! We would not have 
to rely so heavily on long-term large scale controlled 
trials if we could differentiate between a patient with 
true "severe hypertension" and one with high blood 
pressure readings but a good prognosis.!! To make 
this distinction we usually have to wait for complica- 
tions to develop in the retina, heart, brain or kidney. 
Although no one would doubt the life insurance sta- 
tistics showing that a high blood pressure carries a 
diminished life expectancy for the group, let us also 
recall that the individual patient known to have a 
very high blood pressure for as long as 30 years may 
live to a ripe old age and show no signs of hyperten- 
sive vascular disease.1!.12 


Mechanisms Underlying Severe Hypertension 
That May Influence Management 


Although the renin-angiotensin story has provoked 
considerable scientific interest it has until now pro- 
duced little of value to the individual patient or of 
interest to the practicing physician. The exciting ob- 
servations of Laragh's group!? provide some hope 
that it may be possible to predict which patients are 
likely to experience vascular complications of hyper- 
tension. Although not all investigators have been 
able to relate vascular complications to renin levels, 
this is a field in which we have learned to expect dif- 
ferent results from different groups. Perhaps differ- 
ences in methods of renin estimation and their rela- 
tion to sodium status will provide the explanation for 
conflicting findings. 

The suggestion that one can detect the difference 
between "severe hypertension" in terms of vascular 
complications and high blood pressure readings in 
patients who will not experience vascular complica- 
tions is so important that it is mandatory that 
groups able to investigate this relation should do so. 
If the findings of Laragh's group!? are confirmed, 
then “low renin hypertension" could well represent 
what has been called "hypertonia"!! and clinical 
trials could be considerably shortened by selective 
entry of the high risk, “high renin” patients. 

Because most patients with “severe” renal hyper- 
tension also have high renin activity, perhaps we can 
also find an explanation for *albuminuric retinopa- 
thy" or the fact that patients with renal disease are 
more likely to show retinal hemorrhages and exud- 
ates than patients with essential hypertension and 
the same blood pressure level. 

The theory that high renin levels predispose to 
vascular damage is appealing because angiotensin in 
acute experiments!*.1? produces profound vascular 
changes that may be dissociated from the increase in 
blood pressure.!5 The effects of angiotensin are more 
striking in renal vessels.!* The alternating constric- 
tions and dilatations that appear with the onset of 
malignant hypertension!® resemble those produced. 
by angiotensin!* and could represent not only the re- 
sult of high renin levels but also the morphologic 
change that initiates and causes the vascular mani- 
festations of the most severe form of hypertension, 
namely, malignant hypertension.14 

It is conceivable that flow phenomena operating 
within the renal circulation after the appearance of 
constricted and dilated areas in renal arteries and 
arterioles lead to thrombus formation,!4 as has been 
shown to occur with flow disturbances in in vitro 
models!’ and in the microcirculation.18 Even in the 
absence of thrombus formation, individual platelets 
may damage the endothelium.1!? These factors could 
initiate the intravascular coagulation and microan- 
giopathic hemolytic anemia that accompany malig- 
nant hypertension!*-29 and are responsible for some 
if not all of the resulting vessel damage.!4 

Microangiopathic hemolytic anemia and intravas- 
cular coagulation could account for the striking clini- 
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cal differences between malignant and benign hyper- 
tension. The dramatic alteration in the course and 
clinical features that accompanies the onset of the 
malignant phase of hypertension could be the result 
of vascular manifestations of intravascular coagula- 
tion. Identical vascular lesions develop in association 
with intravascular coagulation in other states at a 
time when the blood pressure is normal although it 
may increase rapidly after the lesions develop.® 


Management of Severe Hypertension 
Salt and Hypertension 


Although it is widely held by the lay public and by 
the medical profession that “‘salt is bad for the blood 
pressure,” it is difficult to find evidence that salt re- 
striction short of the strict rice diet introduced by 
Kempner?! in 1944 is beneficial in the management 
of hypertension. Although salt intake is of no real 
consequence in the management of most patients 
with hypertension, sodium restriction may be delete- 
rious in some because it produces a fall in the glo- 
merular filtration rate and an increase in blood urea 
nitrogen and creatinine. Because Laragh's group!? 
placed such emphasis on sodium excretion (which 
reflects sodium intake) in defining groups with low, 
normal and high renin levels, it is interesting to 
speculate whether giving additional salt may, by 
suppressing renin secretion, be capable of converting 
a patient from a “high renin” to a “low renin” sta- 
tus. This is of particular interest in relation to the 
vascular lesions seen in the group with high renin 
levels!? and to the experimental lesions produced by 
angiotensin.14 


FIGURE 2. Course in a patient who 
presented with severe renal failure 
(urea 300 mg/100 ml, creatinine 
15 mg/100 ml) and malignant hy- 
pertension. In spite of replacement 
of salt and water and weight gain 
of over 5 kg, the hypertension, 
which initially required diazoxide 
for control, was subsequently easi- 
ly controlled. Two weeks after ad- 
mission when her weight was at its 
peak she required only small doses 
of methyldopa (Aldomet9), and her 
hypertension subsequently disap- 
peared, the blood pressure remain- 
ing normal without treatment for 
years. Alb. — albuminuria; BEX — 
aspirin-phenacetin-caffeine propri- 
etary mixture; B.Ur. — blood urea; 
Gr. = grade; L = left; L.V.F. = left 
ventricular failure; N.G. = no 
growth; P.C. — leukocytes; P.D. — 
peritoneal dialysis; R = right; (kg) apt 
R.B.C. = red blood cells; R.P.N. = cid 
renal papillary necrosis; S.Cr = 


serum creatinine; UnaV = urinary Aiton 
excretion of sodium. Arrows indi- Digoxin 
cate urinary findings. Gentamycin 


Retrograde 
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Sodium in patients with severe hypertension 
and impaired renal function: We have repeatedly 
noted that in certain patients with analgesic ne- 
phropathy severe and even malignant hypertension 
may fluctuate or disappear, usually during improve- 
ment in renal function.2?.23 We have documented 
the course of several patients whose severe or malig- 
nant hypertension disappeared,??.2* at times perma- 
nently, during administration of saline solution 
aimed at correcting the severe sodium depletion that 
may accompany renal failure in these patients (Fig. 
2). This alleviation of hypertension during weight 
gain and sodium administration has been most 
clearly demonstrable in analgesic nephropathy in 
which the medullary lesion predisposes to severe so- 
dium depletion. Although considered a paradox by 
some, this reduction in blood pressure during sodium 
administration is not peculiar to patients with anal- 
gesic nephropathy (Fig. 3). All forms of impaired 
renal function are associated with an inability to 
conserve sodium and, even in advanced glomerulone- 
phritis, particularly in patients whose disease has 
been arrested at a late stage, large salt supple- 
ments may be necessary to prevent sodium deple- 
tion. Salt supplements could play a part in the im- 
provement of function that has been observed in such 
patients.24.25 

Chronic sodium loading will increase the single 
nephron glomerular filtration rate?$ and may be a 
factor in promoting the remarkable nephron hyper- 
trophy commonly seen in analgesic nephropathy.?2-?* 
In occasional patients renal size may increase dur- 
ing recovery.?3 Sodium loading appears to be helpful 
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and not harmful in relation to control of the blood 
pressure in such patients (Fig. 2). 

Sodium in patients with preeclamptic toxemia: 
Although patients with preeclamptic toxemia may 
not have very high levels of blood pressure, they may 
nonetheless have “severe hypertension” in relation to 
vascular lesions, particularly those in the kidney and 
retina.7-8 This is another form of hypertension in 
which there is some clinical and experimental evi- 
dence?7.28 that sodium restriction may be harmful 
and sodium administration beneficial. It is also one 
of the forms of hypertension in which diazoxide, a 
sodium-retaining drug, has been most helpful in the 
control of severe hypertension.29-31 
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FIGURE 3. Course of a 39 year old woman with essential hyper- 
tension and normal sized kidneys who presented with "uncon- 
trollable" hypertension after 3 months of severe salt restriction 
and peritoneal dialysis. She had been receiving large doses of 
guanethidine, methyldopa, bethanidine and reserpine, but had 
very severe papilledema and a blood pressure of 360/180 mm 
Hg. In spite of energetic replacement of salt and water, which 
were severely depleted, the blood pressure became more easily 
controlled and she required steadily diminishing amounts of hy- 
potensive agents during continued sodium administration. The 
malignant hypertension resolved rapidly, renal function improved 
and further dialysis was not necessary. Heparin and frusemide 
were also used in her management and it is difficult to evaluate 
the separate effects of the different therapeutic measures but 
salt administration appeared to be beneficial and did not in- 
crease the blood pressure. |. V. Saline = intravenously admin- 
istered saline solution; S.Cr = serum creatinine. 


Sodium-Retaining Vasodilator Drugs 


It may be coincidental that the two most dramati- 
cally effective hypotensive agents currently available 
for the treatment of severe hypertension, diazox- 
ide29.31,32 and minoxidil,33 are both sodium-retaining 
vasodilators. Furthermore, the diuretic agents that 
produce the greatest natriuesis, frusemide and etha- 
crynic acid, are less effective than the thiazide diuret- 
ic drugs in reducing blood pressure.3* 

Our own experience of the dramatic effects of 
diazoxide (400 to 800 mg/day orally139.36 reflects that 
of Pohl et al.32 although we have studied many fewer 
patients because this agent has been available in 
limited amounts. From preliminary data, minoxidil 
seems tc be very similar to diazoxide in its sodium- 
retaining and peripheral vasodilator actions and, like 
diazoxide, it seems to be highly effective in severe 
hypertension resistant to treatment with other hypo- 
tensive agents.33 

If these two agents were generally available the 
need for bilateral nephrectomy for the control of se- 
vere hypertension?* would probably not arise. It 
would be difficult to defend bilateral nephrectomy as 
a method of controlling hypertension when the oral 
administration of diazoxide would control blood 
pressure and preserve renal function.3? The side ef- 
fects of diazoxide are minor compared with the con- 
siderable morbidity and mortality of bilateral ne- 
phrectomy, dialysis and transplantation. 


Beta Adrenergic Blocking Agents 


Following early reports that blood pressure de- 
creased during administration of pronethalol for an- 
gina pectoris, numerous publications have confirmed 
the value of beta adrenergic blocking agents in hy- 
pertension. Propranolol has been studied more ex- 
tensively than any other agent in this group and in 
our experience has been very effective in severe hy- 
pertension.35.36 

Although many other beta adrenergic blocking 
agents such as práctolol, oxyprenolol, alprenolol and 
prindolol are effective in reducing blood pressure, 
their value in severe hypertension has not yet been 
established. Theoretically they have a potential dis- 
advantage in the treatment of severe hypertension 
because they possess an intrinsic sympathomimetic 
activity that may detract from their antihyperten- 
sive effects when large doses are used. With two 
agents, namely, prindilol and practolol, that we have 
used in uncontrolled studies this sympathomimetic 
effect has probably been responsible for diminishing 
effect with large doses. However, in a double-blind 
crossover controlled comparison of prindilol and pro- 
pranolo! in 35 patients there was no significant dif- 
ference between the effects of a mean dose of 57.5 
mg/day of prindilol and 289.3 mg/day of propranol- 
01.38 Patients whose severe hypertension was difficult 
to control were excluded from this study, and it was 
therefore not designed to test the effects of large 
doses of beta adrenergic blocking agents. The trial 
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showed better control of supine systolic and diastolic 
blood pressures and fewer side effects with both 
prindilol and propranolol than with the previous 
treatment. 

The great advantage of propranolol in the treat- 
ment of severe hypertension is that it shows a con- 
tinuing dose response curve up to very large doses of 
2 g and over.35-39 When used in doses of 1 to 3 g 
daily it is very effective in the control of severe hy- 
pertension and unlikely to show serious side effects 
or reduction of the blood pressure to levels below 
normal.3? Nightmares and some drowsiness are the 
major troublesome side effects we have observed. Pa- 
tients with a history of asthma should not be treated 
with beta adrenergic blocking agents since the drugs 
may cause severe bronchospasm. 


Mode of action of beta adrenergic blocking 
agents: Various possible mechanisms have been sug- 
gested to explain the hypotensive effect of beta ad- 
renergic blocking agents. It is likely to be in some 
way related to their beta adrenergic blocking activity 
because all beta blocking agents tested thus far, in- 
cluding MK950 which is still undergoing preliminary 
trials,35 show an antihypertensive effect. With pro- 
pranolol in particular the dose required to produce 
beta blockage is often considerably less than the dose 
required for control of blood pressure, thus suggest- 
ing that some effect other than the beta adrenergic 
blocking action is at least partly responsible for the 
reduction of blood pressure. 

Various mechanisms have been proposed, namely, 
a baroreceptor effect,3? an effect of metabolites, *? an 
effect on the central nervous system,*! a gradual fall 
in peripheral resistance in response to the low cardi- 
ac output,42 and an effect on renin.*? Of these, the 
one of greatest interest in relation to earlier discus- 
sion is the suggestion by Bühler et al.43 that pro- 
pranolol exerts its major effect by reducing plasma 
renin activity. Many of the patients we treat have 
severe malignant or premalignant renal hyperten- 
sion. Although we have not estimated plasma renin 
activity routinely in such patients, one can predict 
that many would be classified in the “high renin” 
group. Such patients have shown impressive re- 
sponses to propranolol.35 In a double-blind study we 
did not encounter any patients resistant to propran- 
olol, and subsequent review suggests that many of 
these patients may correspond to Laragh's "high 
renin” group.** 

Combination of beta adrenergic blocking agents 
and peripheral vasodilators: Several studies have 
shown that the combination of propranolol and hy- 
dralazine is effective and associated with few side ef- 
fects.4648 Propranolol produces a slight increase in 
peripheral resistance which is counteracted by hy- 
dralazine. On the other hand, the troublesome side 
effects of hydralazine resulting from reflex sympa- 
thetic stimulation, tachycardia, nausea, headache 
and angina pectoris—are effectively counteracted by 
propranolol. 
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Although we have not used hydralazine extensive- 
ly we have studied prazosin in 53 patients. This drug 
is effective when used alone and seems to have fewer 
side effects than hydralazine.3? In the treatment of 
severe hypertension the addition of prazosin in a 
dose of 7.5 to 20 mg daily often brings about a dra- 
matic reduction in the blood pressure in a patient 
already receiving a moderate or large dose of pro- 
pranolol.3? We are presently comparing prazosin and 
hydralazine in a double-blind study in which the 
vasodilator is added to propranolol at a stage when 
the blood pressure has not yet been adequately con- 
trolled. 

The other peripheral vasodilator we have used in 
combination with beta adrenergic blocking drugs is 
diazoxide. This combination permits reduction in 
the daily dose of diazoxide and may result in excellent 
control of severe hypertension resistant to other 
treatment.39 


Other Drugs in the Control of Severe Hypertension 


Benzothiadiazines. When chlorothiazide became 
available in 1957 it revolutionized the treatment of 
severe hypertension. The addition of chlorothiazide 
to other available hypotensive agents, such as reser- 
pine and ganglion blocking agents, permitted much 
easier control of blood pressure.39 The same benefit 
from addition of thiazide diuretic drugs has since 
been demonstrated with all hypotensive agents in 
current use. 

It is standard practice to introduce the thiazide 
initially and add other treatment as required. It is 
particularly important to combine thiazides with 
beta adrenergic blocking agents, which may occa- 
sionally precipitate heart failure, or with drugs that 
may produce edema such as reserpine, methyldopa 
or peripheral vasodilators. The effect of the ben- 
zothiadiazines is not related to their diuretic activi- 
ty.39? A complete separation of diuretic and hypoten- 
sive action is seen in the case of diazoxide, which 
causes sodium and water retention but which is 
nonetheless the most powerful hypotensive agent 
currently available.29-32 

Controlled trials have demonstrated that the potent 
natriuretic agent frusemide is a less effective agent 
in controlling blood pressure than hydrochlorothi- 
azide.34 This serves to emphasize that diuresis 
and natriuresis are not major factors in relatior 
to the hypotensive effect of this group of drugs. 

Spironolactone: In a double-blind controlled 
study in patients with severe refractory hypertensior 
we demonstrated that addition of spironolactone in 2 
dose of 400 mg daily may have a dramatic effect.?5 9t 
This effect of spironolactone may be very important 
in some patients, particularly those in whom orally 
administered diazoxide is contraindicated. 

Methyldopa: For the past 10 years methyldope 
has played an important part in the control of severe 
hypertension. Large doses have often been needed tc 
achieve control. The reduction in side effects and 
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better control of the supine blood pressure that can 
be achieved with beta adrenergic blocking agents? 
will probably mean that these agents will gradually 
replace methyldopa as the most commonly used hy- 
pertensive agent. This trend is already apparent in 
our clinic.3$ 

Clonidine: Clonidine, which acts predominantly 
on the central nervous system, can play a key role in 
the treatment of severe hypertension.47:48 Like 
methyldopa, it is being replaced in our clinic by the 
beta adrenergic blocking agents, particularly in view 
of the success achieved by a combination of these 
agents and peripheral vasodilators. The major disad- 
vantage of clonidine is that large doses may produce 
drowsiness and, at times, coma.?> We have observed 
these effects mainly in patients with poor renal func- 
tion receiving a combination of clonidine and beta 
adrenergic blocking agents.35.36 Other side effects 
that may limit the usefulness of clonidine in severe 
hypertension are the sudden increase in blood pres- 


sure, agitation and insomnia that may accompany 
withdrawal.*? 

Sympatholytic agents: Sympatholytic agents 
such as guanethidine, bethanidine and debrisoquine 
have been replaced by other agents in our clinic over 
the past decade.?6 In an occasional patient, one of 
the sympatholytic drugs still provides good control, 
but the fall in the blood pressure that occurs on 
standing and such disadvantages as alterations in 
blood pressure with physical activity and tempera- 
ture make these agents far less acceptable than cther 
forms of treatment such as beta adrenergic blocking 
agents.98 When the blood pressure cannot be ade- 
quately controlled with a beta adrenergic blocking 
agent and a thiazide, the addition of a peripheral 
vasodilator will permit adequate control with few 
side effects in most patients.39 The large doses of 
sympatholytic drugs required for adequate control of 
severe hypertension make the side effects particular- 
ly troublesome. 
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If toxemia represents impaired perfusion of the uteroplacental unit 
with failure of compensatory homeostatic mechanisms, measures 
that adversely affect blood volume and flow would not be expected 
to benefit the fetus. Clinical experience and investigational evidence 
have combined to support this axiom, as, for example, in the decline 
and fall in the use of diuretic agents. On the other hand, because 
magnesium sulfate has a beneficia! effect on uterine blood flow, it 
continues to be the first major drug of choice in the treatment of 
toxemia. 

Although treatment of severe toxemia has resulted in remarkable 
and laudatory decreases in maternal and perinatal mortality, the pre- 
vention of toxemia remains more of an indefinite issue. This issue 
has taken on a new dimension with the data supporting the impor- 
tance of diet and protein intake. These remain important sociomedi- 
cal questions. 

What is missing for the practitioner is a convenient means of de- 
tecting the patient who is destined to have toxemia. If the mecha- 
nism of toxemia is activated by impaired uteroplacental perfusion, 
the process would be expected to develop over a period of time. This 
is supported by the changes found in dehydroepiandrosterone sulfate 
clearance before the clinical appearance of hypertension. Accord- 
ingly, an understanding of these mechanisms should eventually yield 
laboratory analyses that would reveal the patient with the pathophys- 
iologic features of toxemia before the clinical signs of hypertension, 
proteinuria and edema develop. 


Toxemia continues to be one of the four major causes of maternal 
and perinatal mortality. In the United States, toxemia develops in 
approximately 7 percent of women during their first pregnancy, but 
in depressed areas the incidence may reach 30 percent. The trend in 
obstetrics is to identify the high risk patient and to concentrate pre- 
natal attention and concern on this patient. Therefore, one of the 
most pressing needs in the management of toxemia is a means of 
identifying the patient destined to have hypertension. Prevention of 
this condition is preferable to curative attempts after the disease is 
established. However, prevention requires a clear understanding of 
the causative factors involved in this syndrome, and such explana- 
tions are lacking. 

A conceptual formulation of the mechanisms involved in the 
pathophysiology of toxemia lends meaning and purpose to the thera- 
peutic approach. Accordingly a hypothesis of the mechanisms active 
in toxemia will be reviewed, followed by notes on therapeutic man- 
agement. 
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Mechanism of Toxemia 


The etiology of toxemia remains unknown, and 
there is no scarcity of hypotheses to explain the patho- 
physiologic changes. One hypothesis, however, seems 
to provide answers to the majority of questions sur- 
rounding toxemia, and continues to find support in 
recent research. Central to this hypothesis is the con- 
cept that the ischemic uteroplacental unit liberates 
a biologically active substance into the maternal cir- 
culation. 


Historical Development 

Uteroplacental ischemia was first postulated as 
the cause of toxemia by Young!:? in Britain in 1914 
and 1927. In 1929, Beker? in Holland proposed that 
toxemia was secondary to increased resistance to 
blood flow in the uterus. He injected barium into the 
uterine arteries of primigravid and multiparous cows 
at two months' gestation and found vessels of re- 
markably larger caliber in the multiparous cows. 
Much later, in 1948, Beker* extended these studies 
to specimens from human subjects with similar re- 
sults. He believed that these findings were related to 
the higher incidence of toxemia in primigravid 
women and concluded that hypertension in toxemia 
was a compensatory protective mechanism to main- 
tain the uteroplacental blood flow. 

Page and Ogden? believed that an inadequate ma- 
ternal blood supply to the placenta led to the release 
of a “vascular toxin," and in 1939, Page? reported on 
the presence of pressor activity in placental extracts. 
In 1940, Ogden et al.* induced acute hypertension in 
pregnant dogs by partially clamping the aorta below 
the level of the renal vessels, an experiment that was 
unsuccessful in nonpregnant animals and in animals 
that had had the pregnant uterus removed. 

In 1949, van Bouwdijk Bastiaanse and Mast- 
bloom? produced uterine ischemia in dogs by apply- 
ing the Goldblatt clamp to the uterine arteries after 
ligating the ovarian arteries. Chronic experiments 
were unsuccessful because of abortion or premature 
delivery, but in the acute experiment the blood pres- 
sure rose promptly after occlusion. Hypertension 
could not be produced in nonpregnant dogs. Van 
Bouwdijk Bastiaanse? considered toxemia to be a 
manifestation of the inability of the uterine arteries 
to meet the demands for blood by the growing utero- 
placental unit. 

Gyóngyóssy and Kelentey,!? in 1958, inserted bal- 
loons into gravid uterine horns of cats and dogs. An 
acute increase in intrauterine pressure produced a 
rise in blood pressure. Humoral transmission of the 
pressor effects could be elicited when the fetuses 
were removed, but not after birth, suggesting that 
the presence of the placenta was necessary. 

With the description of the renin-angiotensin sys- 
tem, it was hoped that the circulating toxin of toxe- 
mia would finally be identified. 


Renin-Angiotensin System 
Plasma renin levels are higher in pregnant normo- 
tensive women than in nonpregnant normotensive 
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women, although there is some overlap in values. 
Angiotensinogen levels are markedly elevated in 
pregnancy, probably an effect of estrogen. Although 
the entire renin-angiotensin-aldosterone system is in- 
creased in pregnancy, the reason for this increase is 
not clear. This increase may be necessary to balance 
the natriuretic effect of progesterone, or it may be 
necessary to produce the required increase in blood 
volume associated with the increased vascular ca- 
pacity in pregnancy. 

Circulating levels of renin, angiotensinogen, angio- 
tensin II and aldosterone are all lower in toxemia of 
pregnancy than in normal pregnancy.!! Therefore, 
raised circulating levels of these substances are not 
associated with hypertension of pregnancy. However, 
in a prospective study of 58 patients, the 10 women 
in whom toxemia subsequently developed had higher 
plasma renin levels at midtrimester, and 1 week of a 
low salt diet accentuated the difference between 
these 10 women and the normal group.!? It has also 
become apparent that the kidney is not the only 
source of renin during pregnancy. 

Gross et al.!? found a pressor substance with the 
properties of renin in normal placentas as well as in 
pregnant and nonpregnant uteri of intact and 
nephrectomized rabbits, and Ryan and Ferris!* dem- 
onstrated the release of a renin-like substance with 
in vitro perfusion of the pregnant rabbit uterus. The 
renin content of the pregnant rabbit uterus is very 
high, approximately three times the renin content of 
both kidneys.1!5 The administration of 11-deoxycorti- 
costerone acetate (DOCA) and salt reduced the plas- 
ma renin levels in the rabbit to undetectable amounts 
but had no effect on the uterine renin concentra- 
tion.16 Further proof that this renin originated in the 
uterus and was not stored renal renin was obtained 
in nephrectomized animals. In nonpregnant rabbits, 
plasma renin levels were undetectable 48 hours after 
nephrectomy, whereas in the pregnant rabbit 48 
hours after bilateral nephrectomy, there was no sig- 
nificant decrease in uterine renin levels.!6 Thus, 
since uterine renin is unaffected by physiologic 
changes that decrease renal renin and, since ne- 
phrectomy has no effect on uterine concentration, 
uterine renin is probably synthesized in the uteropla- 
cental unit. Similar findings have been reported in 
the pregnant dog.!* 

In human pregnancies, the chorion appears to be 
the richest source of renin in the uteroplacental 
unit.18 The association of toxemia with extrauterine 
pregnanciesi? and with molar pregnancies would in- 
dicate that the trophoblastic tissue would have to be 
the source of a vascular toxin. In four toxemic pa- 
tients, the level of renin in uterine vein blood at the 
time of cesarean section was higher than a simulta- 
neous level in the uterine artery.?° 

The quantitative contribution of the uteroplacen- 
tal unit to the maternal renin-angiotensin system in 
women is unknown. Also unknown is the qualitative 
importance of uteroplacental renin production in 
terms of maternal vasomotor balance, fetal blood 
pressure and local uteroplacental blood flow. 
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Effects of Experimentally Induced Uterine Ischemia 


Procedures that acutely increase intrauterine ten- 
sion or acutely reduce uterine blood flow in pregnan- 
cy elicit a rise in blood pressure in dogs, cats and 
rabbits. In addition to the studies already cited, 
Kumar?! produced hypertension in pregnant dogs by 
obliterating about half the diameter of the uterine 
arteries with silver clips, and Berger and Cavanagh?? 
produced placental ischemia and hypertension by 
placing sutures in the placentas of rabbits. The com- 
ponents of the renin-angiotensin system were not 
measured in these experiments; however, a recent re- 
port? suggests that uterine renin secretion does in- 
fluence uterine blood flow. 

Ferris et al.,?3 in a series of experiments carried 
out in pregnant nephrectomized rabbits, measured 
uterine blood flow and uterine vein renin activity 
after hemorrhage or uterine artery ligation, and after 
the administration of angiotensin and norepineph- 
rine. With reduced uterine blood flow, either after 
hemorrhage or uterine artery ligation, uterine renin 
secretion increased markedly and maternal arterial 
blood pressure decreased. The administration of an- 
giotensin increased uterine blood flow as measured 
by radioactive microspheres, but there was no 
change in blood pressure or cardiac output. This 
finding is consistent with vasodilatation in the pla- 
cental bed. The increase in uterine blood flow during 
angiotensin administration could be prevented by 
prior treatment with propranolol, a beta adrenergic 
blocking agent. 

Hodari?* was the first to report the apparently 
successful induction of chronic uterine ischemia. 
Snug-fitting bands were placed around the uterine 
arteries of nonpregnant dogs, and during subsequent 
pregnancy these bands prevented normal physiologic 


dilatation of the vessels. Banded dogs became hyper- 
tensive, and proteinuria and hypernatremia also de- 
veloped. The renin content in the peripheral plasma 
of the hypertensive dogs was lower than that in nor- 
motensive dogs, but the uterine vein renin levels be- 
came higher. The work of Hodari has been somewhat 
controversial since it reportedly could not be repro- 
duced. However, Cavanagh et al.?9 recently reported 
that in baboons with hemoclips on the uterine arte- 
ries and ligated ovarian arteries proteinuria and hy- 
pertension developed during the third trimester of 
pregnancy. 

Toxemia is associated with a 40 to 60 percent re- 
duction of blood flow through the uteroplacental 
unit,29.?7 but it has been impossible to determine 
whether this is a primary or secondary event. If toxe- 
mia is due to the development of ischemia over a pe- 
riod of time, it would seem that the clinical symp- 
toms of the disease would be a late occurrence. Sub- 
clinical abnormalities may be present earlier in preg- 
nancy. 

Utilizing the metabolic clearance rate of dehydro- 
epiandrosterone sulfate (DS), Gant et al.?8 have dem- 
onstrated a decline in DS clearance prior to the de- 
velopment of clinically evident toxemia. Clearance of 
DS from the maternal circulation is largely depen- 
dent upon fetal-placental steroidogenesis (conversion 
of DS to estrogens) and uteroplacental blood flow. 
Since other factors (such as maternal liver steroid 
metabolism) may influence DS clearance, this find- 
ing can only be taken as suggestive evidence of im- 
paired blood flow before the clinical development of 
toxemia. However Madden et al.?9 recently focused 
on the placental conversion of DS to estradiol (pure- 
ly a placental process) and, as with DS clearance, a 
decrease is noted before the clinical appearance of 
hypertension. Most significantly these are the first 
data to emphasize that toxemia develops over a 
lengthy period, and perhaps may be diagnosed long 
before hypertension, edema and proteinuria appear, 
and before the condition is irreversible and recovery 
requires termination of pregnancy. 

Thus, a possible mechanism for toxemia of preg- 
nancy may involve the factors that regulate utero- 
placental blood flow. The contents of the pregnant 
uterus are subjected to an embarrassment of blood 
flow (primigravid uterus, twins, fibroids, vascular 
disease, malnutrition, anemia), and a homeostatic 
compensatory mechanism is activated to increase 
perfusion. The products of conception produce renin, 
raising the activity of the maternal renin-angioten- 
sin-aldosterone system even higher. Uteroplacental 
blood flow is increased, perhaps by the action of a lo- 
cally produced vasodilator. Could prostaglandins 
play this vasodilatory role? 


Toxemia and Prostaglandins—a Hypothesis 


In addition to a vasopressor role, a depressor func- 
tion for the kidney has been postulated for many 
years. Perfusion of normal kidneys within the circu- 
latory system of a renoprival hypertensive animal re- 
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tion of blood pressure and sodium balance. 


sults in restoration of normal vasomotor tone. A 
whole intact kidney is not necessary for this effect. 
Using intraperitoneal injections of homogenates, 
Muirhead et al.39 found that intraperitoneal im- 
plants of renal medullary tissue lowered the blood 
pressure, whereas cortical section homogenates had 
no effect. Several studies indicate that renal medul- 
lary tissue contains vasodepressor lipids. A and E 
prostaglandins, both potent vasodepressor agents, 
have been isolated from the renal medulla.?! 

Because A and E prostaglandins are potent vaso- 
depressor agents, either may be the postulated circu- 
lating antihypertensive substance produced by the 
kidney. Because of rapid metabolism, the E prosta- 
glandins are suited for local action, whereas A pros- 
taglandins with a longer half-life may well carry out 
systemic functions as well as performing local organ 
duties. Furthermore, although many mammals have 
a circulating prostaglandin A isomerase (which con- 
verts prostaglandin A to its vasoinactive homologue 
prostaglandin B) human plasma does not contain 
such enzyme activity. 

Regulation of plasma prostaglandin levels: The 
regulatory mechanisms that control the release of 
prostaglandins from renal medullary tissue into the 
circulation are as yet unknown. Numerous stimuli 
are known to result in the release of prostaglandin- 
like substances into renal vein blood, for example, 
renal nerve stimulation and angiotensin infu- 
sions.??.33 Even more significantly, a prostaglandin- 
like substance is released from both the ischemic and 
the normal contralateral kidney when a kidney is made 
ischemic by constriction of the renal artery.34 Simi- 
larly, the infusion of norepinephrine is associated 
with renal release of prostaglandin E-like sub- 
stances.?? Therefore, renal nerve stimulation, angio- 
tensin, norepinephrine and renal ischemia all appear 
to be associated with release of prostaglandin from 
the kidney. 

We examined these relationships in normal human 
volunteers by measuring peripheral plasma levels of 
prostaglandins A, E and F in response to chronic so- 
dium loading and sodium restriction?5 (Fig. 1). Our 
studies have indicated that circulating levels of pros- 


taglandin A, but not E and F, decrease during high 
sodium intake and increase during low sodium in- 
take. This finding led us to formulate the following 
hypothesis (Fig. 2): With a low sodium diet, plasma 
renin and angiotensin II levels are known to rise. In 
response to the increase in circulating levels of the 
potent vasoconstrictor angiotensin II, blood pressure 
might be expected to rise. However, the increase in 
circulating prostaglandin A antagonizes this vaso- 
pressor effect and tends to normalize the blood pres- 
sure. Furthermore, it has recently been shown that 
the administration of prostaglandin A; stimulates 
human aldosterone secretion without changing renin, 
cortisol or adrenocorticotropic hormone (ACTH) lev- 
els.36 Therefore, the increase in circulating prosta- 
glandin A may also stimulate aldosterone output and 
thereby reinforce the stimulus of angiotensin to con- 
serve sodium and to maintain intravascular volume. 
With sodium loading, renin and angiotensin levels 
fall, and the corresponding changes in prostaglandin 
A and aldosterone occur to maintain normal vaso- 
motor tone and sodium levels. 

It is not unexpected, therefore, to assume that a 
disorder in the mechanism may underlie various hy- 
pertensive conditions. We have recently measured 
the peripheral plasma levels of prostaglandin A in a 
group of patients with essential hypertension and in 
a group of patients with known renal artery steno- 
sis? (Fig. 3). The mean level of prostaglandin A in 
both groups was significantly lower than normal, 0.60 
+ 0.07 ng/ml and 0.69 + 0.07 ng/ml (mean + stan- 
dard error), respectively (normal, 1.5 + 0.24 ng/ml). 

Prostaglandin and trophoblastic renin mecha- 
nisms during pregnancy: Since prostaglandins seem 
to be related to the renal renin-angiotensin system, 
it seems reasonable to expect that prostaglandins 
may play a role in trophoblastic renin mechanisms. 

Because of various factors, such as increased in- 
trauterine pressure or vascular disease, blood flow 
through the uteroplacental bed or through segments 
of the uteroplacental unit may be reduced. In re- 
sponse to the decreased blood flow, the pregnancy 
elaborates renin which moves into the maternal cir- 
culation and perhaps locally into the trophoblast to 
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increase angiotensin levels. Increased peripheral re- 
sistance in the maternal circulation due to the in- 
creased angiotensin results in increased blood flow 
through the uteroplacental bed. Prostaglandins, pro- 
duced in the trophoblast in response to the angioten- 
sin activation, may be responsible for maintaining 
reduced resistance to flow through the uteroplacental 
bed. In the experiments by Ferris et al.?? in the preg- 
nant rabbit, a reduction in uterine blood flow re- 
sulted in an outpouring of renin in the uterine vein 
whereas administration of angiotensin increased 
uterine blood flow, apparently by beta adrenergic 
stimulation. It is well known that adrenergic activity 
and catecholamine production may be associated 
with prostaglandin release. 

The clinical development of toxemia may repre- 
sent defective prostaglandin production, loss of re- 
sponse to prostaglandin, or a combination of these 
events. Ryan et al.38 found that acidic extraction of 
human placental tissue yielded a substance that re- 
laxes the duodenum and decreases the blood pres- 
sure. This substance had similar properties to those 
of prostaglandin E, and toxemic placentas contained 
less of this material than normal placentas. How- 
ever, defective prostaglandin performance or produc- 
tion may not be limited to trophoblastic tissue but 
may also include a failure in renal response. It is 
most difficult to explain the decrease in circulating 
components of the renin-angiotensin system. Per- 
haps exhaustion of this system occurs, similar to the 
apparently exhausted situation in the sodium-de- 
pleted rat.39 

Renal changes in toxemia: The renal lesions of 
toxemia are not explained by vasospasm alone, and 
one must add liberation of thromboplastin as sug- 
gested by Page more than 20 years ago. The charac- 
teristic renal change in toxemia is swelling of the 
glomerular capillary endothelium and deposition of a 
fibrinoid material between the swollen cells and 
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FIGURE 3. Patients with essential hyperten- 
sion and hypertension with renal artery ste- 
nosis have significantly lower levels of pros- 
taglandin A in the peripheral plasma. (Re- 
produced by permission from Zusman et 
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along the basement membrane. Immunofluorescent 
studies of renal biopsy specimens from patients with 
toxemia reveal bright diffuse staining with antifibrin- 
ogen within the swollen endothelial cells and along 
the basement membrane.4? In rabbits the infusion of 
thromboplastin produces glomerular lesions that, on 
light and electron microscopy, are identical to those 
of toxemia.*! 

Therefore, toxemia may be due to relative isch- 
emia of the uteroplacental unit, resulting in degen- 
eration of trophoblastic tissue and release of throm- 
boplastin, and at first a compensatory response and 
then an aberration of the pregnant renin-angioten- 
sin-prostaglandin system (Fig. 4). A hereditary ele- 
ment must be added to explain why all patients with 
similar conditions do not react uniformly, and less 
than adequate nutrition may be a major predispos- 
ing factor. 


Therapeutic Management of Toxemia 
Prevention 


Nutrition and weight gain: Although well de- 
signed, controlled studies have not been reported 
(and perhaps would be impossible to carry out), it is 
becoming clear that poor nutrition is a predisposing 
factor in toxemia.*?-44 Attempts to improve nutrition 
have resulted in decreased rates of toxemia, prema- 
turity and perinatal mortality.*° 

It has been a mistaken impression for many years 
that excessive weight gain in pregnancy is associated 
with a high rate of complications. The idea that lim- 
iting weight gain during pregnancy by caloric restric- 
tion offered protection against toxemia arose from 
observations following World War I. Because of the 
scarcity of food, pregnant women in Europe gained 
less weight, and a reduced incidence of eclampsia 
was noted. Subsequently caloric restriction during 
pregnancy was widely advocated in the United 
States, and this reeommendation found its way into 
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FIGURE 4. The mechanism of toxemia may 
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placental unit, resulting in degeneration of 
trophoblastic tissue and release of thrombo- 
plastin, and at first a compensatory response, 
and then an aberration of the pregnant renin- 
angiotensin-prostaglandin system. 


textbooks of obstetrics, without scientific scrutiny.*® 
The validity of this practice has not been substan- 
tiated in recent studies*7:48; indeed, we have learned 
that pregnancy is not the time to carry out weight 
reduction programs. Restriction of weight gain too 
often leads to insufficient protein intake and is po- 
tentially harmful to the developing fetus and to the 
mother. Weight gain in pregnancy is strongly corre- 
lated with the birth weight of the baby. Dieting 
should be postponed until after the baby is born. 
However, the underweight or malnourished. woman 
must change her eating habits. A weight gain of ap- 
proximately 25 lb (an increase of about 10 percent 
over nonpregnant requirements) should be encour- 
aged, although a minimal increase in weight (less 
than 5 1b) should occur in the first trimester. 

To satisfy the metabolic needs of mother and 
fetus, the caloric intake should be approximately 
2,200 calories per day; this should be taken through- 
out the day rather than in one or two large meals. 
During pregnancy, the fetus is dependent upon glu- 
cose for its energy requirements and literally drains 
glucose from the mother to meet its needs. A preg- 
nant woman is therefore subject to relative hypogly- 
cemia. Inadequate caloric intake would enhance this 
situation, and periodic high carbohydrate meals 
would produce harmful swings in the maternal glu- 
cose level, with severe brief episodes of hypoglyce- 
mia. Hypoglycemia with subsequent maternal keto- 
nemia is associated with impaired fetal develop- 
ment.*? 

In addition to restricting caloric intake, restricting 
protein intake may affect the outcome of pregnancy. 
The protein component of the pregnant woman's 
diet should be at least 65 g/day. However, a diet rich 
in animal protein is expensive, and it is helpful to in- 
form the patient that complete protein resources are 
available in beans, cheese and eggs. It should be 
noted that protein restriction in pregnant rats has 
been followed by permanent deficiencies in cognitive 
function in the progeny.99 
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Fluid retention and edema: Physicians tend to be 
overly sensitive to the presence of edema as the clini- 
cal forerunner of toxemia. It is now recognized that 
retention of water and sodium is a physiologic read- 
justment in pregnancy. This allows an increase in 
blood volume to meet the increased capacity of the 
vascular compartment due to a decrease in peripher- 
al resistance and the presence of the placental circu- 
lation. Fluid makes up about 60 percent of the nor- 
mal weight gain during a pregnancy, and this is re- 
flected in the 30 to 50 percent increase in maternal 
blood volume. A positive sodium balance is required 
to maintain osmotic normality of the retained fluid, 
and this is associated with the significant increases 
in the components of the renin-angiotensin system. 

The rationale for the use of a low salt diet and di- 
uretic therapy is on shaky ground because these 
measures used routinely in the misguided notion 
that they are prophylactic may interfere with a nor- 
mal physiologic and necessary development of preg- 
nancy. 

A series of double-blind studies have been carried 
out to determine whether diuretic agents affect the 
underlying pathophysiology of toxemia; in particu- 
lar, whether diuretic agents given prophylactically 
can prevent the development of toxemia. The con- 
clusions are divided between the affirmative?!-9* and 
the negative®>-57 with deficiencies in study designs 
preventing a definitive statement. Nevertheless, I 
believe that the prophylactic use of diuretic agents is 
without benefit, and may even be detrimental. 

The majority of diuretic agents employed in ob- 
stetrics are thiazide derivatives which act by inhibit- 
ing electrolyte reabsorption in the distal tubule. 
There is no doubt that thiazide will produce a signif- 
icant natriuresis in a pregnant patient. In fact, a pa- 
tient receiving 0.5 g of chlorothiazide daily may lose 
almost a third of her total exchangeable sodium in 
only 3 days.57 Indeed the pregnant patient is espe- 
cially prone to the development of sodium and po- 
tassium depletion when treated with diuretic agents. 
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A patient was referred to Yale-New Haven Hospital 
from an outlying community hospital because the 
fetal heart rate was irregularly irregular, with peri- 
odic transient falls to 60 beats/min. This patient had 
been receiving thiazide diuretic agents for 1 week, 
and her serum potassium was 3.3 mEq/liter. The 
fetal bradycardia was becoming more frequent and 
persistent, but with electronic monitoring it was ap- 
parent that the rate was not consistent with placen- 
tal insufficiency or umbilical cord obstruction. Ad- 
ministration of potassium corrected the irregular 
fetal heart rate, and elective induction of labor was 
carried out without complication in either mother or 
baby. Electronic monitoring avoided cesarean sec- 
tion in this case in which fetal bradycardia seemed 
to have followed thiazide-induced electrolyte deple- 
tion. 

Thus the administration of thiazide diuretic 
agents and the institution of a low sodium diet are 
potent methods to relieve edema of pregnancy, but 
this is accomplished at the expense of significant 
electrolyte loss. The overall effect may be to dimin- 
ish the clinical signs of toxemia, but the detrimental 
effects of sodium loss with volume depletion suggest 
that these measures should be reserved only for criti- 
cal maternal indications. In addition, thiazide drugs 
are not without side effects in both the infant (hypo- 
natremia, thrombocytopenia) and mother (hyperuri- 
cemia, impaired glucose tolerance, acute hemorrhag- 
ic pancreatitis). 

Significant natriuresis would work against the hy- 
pothesized compensatory mechanisms involving 
renin, angiotensin anc prostaglandins. Experiments 
in pregnant rats fed low sodium diets have revealed 
abnormalities in the kidneys and adrenal glands with 
marked sodium depletion in both maternal and fetal 
tissues, suggesting an exhaustion of the renin-angio- 
tensin homeostatic mechanism.3? Studies utilizing 
placental clearance of dehydroepiandrosterone sul- 
fate have indicated that low sodium diet and diuret- 
ics are associated with significant declines in dehy- 
droepiandrosterone sulfate clearance, suggestive of a 
decrease in placental perfusion (N. F. Gant, personal 
communication). Furthermore, the hypovolemia in 
toxemia is of such magnitude that the central venous 
pressure in the superior vena cava is —7 to 0 cm of 
water, similar to that observed in severe shock, and 
renal function and uteroplacental blood volume can 
be improved with the administration of plasma ex- 
panders.5? Therefore, measures that further deplete 
vascular volume would adversely affect placental 
function and the fetus. 

It is clear that an agent that will lower blood pres- 
sure and reduce edema may affect the clinical pre- 
sentation of toxemia, and thus apparently play a 
preventive role (and at the same time make difficult 
or delay a diagnosis of toxemia). However, if the 
underlying pathophysiology is unaffected, and if the 
fetus suffers from this treatment despite apparent 
maternal response, then true prophylaxis has not 


been achieved. Indeed, a high salt diet has been re- 
ported to be associated with a significant reduction 
in the incidence of toxemia and perinatal mortali- 
ty.99 In another study, no difference in clinical 
course was noted by altering the salt content of the 
diet.6° 

The value of a low salt, high protein diet is further 
diluted by the difficulties involved: It tastes terrible, 
it is extremely expensive, it requires devotion and 
energy to create a menu, and motivation and educa- 
tion in the essentials of a good diet are necessary. 

Physiologic edema (mainly due to increased ve- 
nous pressure in the lower limbs) usually appears at 
the end of the day and is associated with nocturia 
(nighttime diuresis). A patient with symptomatic 
fluid retention is best treated with bed rest and phe- 
nobarbital sedation on an outpatient basis. The pur- 
pose of sedation is to encourage the patient to re- 
main in bed. Increasing the time a patient spends 
lying down increases the time when venous return 
and cardiac output are increased and, as a result, 
renal blood flow and water and electrolyte excretion 
are increased. Therefore, bed rest in a lateral posi- 
tion is the treatment of choice in symptomatic 
edema. It is not uncommon for a diuresis of 3 to 6 lb 
to occur with bed rest alone over a 24 hour period. 

Spironolactone is ineffective in treating edema of 
pregnancy despite the significant elevation in aldo- 
sterone secretion during pregnancy.9! The potent 
agents, furosemide and ethacrynic acid, should be re- 
served for critical situations requiring rapid and 
marked diuresis, in which concern for the mother out- 
weighs consideration for the fetus. 


Mild Toxemia 


It is often very difficult to determine a difference 
between fluid retention with generalized edema and 
the onset of mild toxemia. Treating the patient with 
toxemia on an outpatient basis has only potential for 
trouble. Early recognition, with hospitalization and 
aggressive management, plays the greatest role in re- 
ducing the incidence of eclampsia (maternal mortali- 
ty 10 to 14 percent and perinatal mortality approxi- 
mately 30 percent) and hence limiting the severe 
form of toxemia. 

The patient with mild toxemia should be hospital- 
ized, placed on a regimen of complete bed rest (on 
the left side as much as possible), given a normal 
diet with at least 65 g of protein/day and mild seda- 
tion. A modest elevation in blood pressure will re- 
spond to this treatment in association with diuresis. 
If the patient is at term, elective induction of labor 
should be considered. 


Severe Toxemia 


Treatment of severe toxemia has been primarily 
concerned with preventing serious complications in 
the mother. However, concern has recently shifted 
from the mother to the fetus, since aggressive man- 
agement can reduce maternal mortality to zero.92.63 
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Therefore therapeutic measures, although primarily 
benefiting the mother, should be selected with a view 
toward protecting the fetus. 

Magnesium sulfate: This is the first drug of 
choice. Magnesium acts upon both peripheral and 
central nervous systems.9* Peripherally, magnesium 
has a curare-like action on the neuromuscular junc- 
tion, decreasing the amount of acetylcholine liberat- 
ed by the motor nerve impulse. Calcium increases 
the amount of acetylcholine liberated and is there- 
fore the antagonist used for magnesium overdosage 
(for example, 25 percent calcium chloride given slow- 
ly intravenously). 

The disappearance of various reflexes as the serum 
magnesium level is raised is due to the peripheral 
action of magnesium, and the sequence is as follows: 
Patellar reflexes disappear at a blood magnesium 
concentration of 10 mEq, and respiratory failure oc- 
curs at 12 to 15 mEq. A range of 6 to 8 mEq is thera- 
peutic, and thus the patellar reflexes are an excellent 
clinical gauge for toxicity. Magnesium sulfate is best 
administered as 4 g in a 20 percent solution, given 
intravenously over 5 minutes. In this way a rapid 
therapeutic level is achieved. Ten g in a 50 percent 
solution may be given intramuscularly every 4 hours 
as long as urinary output of at least 30 ml/hour is 
maintained, or intravenous titration may be main- 
tained at a rate of 1 g/hour. Convulsions may be 
controled with the intravenous administration of 
magnesium sulfate alone. If necessary, a short-acting 
barbituate may be administered. The peripheral ac- 
tion of magnesium sulfate results in peripheral vaso- 
dilatation and, in many studies, a decrease in blood 
pressure.94 From the point of view of the fetus, it is 
significant that studies in the monkey have demon- 
strated a reduction in the mean arterial blood pres- 
sure and a significant increase in uterine arterial 
blood flow.99 The use of magnesium sulfate alone (no 
hypotensive or diuretic agents) has achieved a fetal 
salvage rate of 89 percent with no maternal deaths.9? 

Antihypertensive medication: The major compli- 
cations of severe toxemia are cerebral vascular hem- 
orrhage (the most common cause of death), abrup- 
tion of the placenta and fetal death. Antihyperten- 
sive medication should be given only to prevent a ce- 
rebral vascular accident, in general, when the dia- 
stolic pressure is in excess of 110 mm Hg after treat- 
ment with magnesium sulfate. The major problem in 
the past has been overmedication of the patient with 
fetal loss, probably due to a decrease in placental 
perfusion. To protect against fetal death, the diastol- 
ic pressure should be maintained at 90 to 100 mm 
Hg. Hydralazine has been the drug of choice because 
it increases renal blood flow. However, in the mon- 
key, uterine arterial blood flow is unchanged by hy- 
dralazine.65 Hydralazine is given intravenously (20 
mg diluted in 500 ml), and the blood pressure is ti- 
trated. The dosage of hydralazine needed to control 
blood pressure varies considerably from patient to 
patient. 
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The Question of Delivery 


The treatment of toxemia is determined by the se- 
verity of the disease and the gestational age of the 
pregnancy. When the condition is mild, control of 
the disease is attempted to allow the fetus to reach 
maturity. Serial assessment of fetal development is 
indicated, utilizing urinary estriol measurements, ul- 
trasound determinations of the biparietal diameter 
and the lecithin/sphingomyelin ratio in amniotic 
fluid. We have shown that chronically low urinary 
estriol excretion in patients with toxemia indicates 
intrauterine growth retardation associated with sig- 
nificant problems in subsequent infant development 
or function.99 If intrauterine growth retardation is 
present, delivery into the environment of a modern 
neonatal intensive care unit may produce a healthier 
child than if the pregnancy is allowed to continue to 
term.$2 

In any case, pregnancy should be terminated ei- 
ther when the patient has been given the opportuni- 
ty to demonstrate maximal response to therapy, or 
when the physician is convinced that the patient will 
fail to respond to treatment. In general, delivery 
should be undertaken when the patient demon- 
strates improvement after treatment of severe toxe- 
mia. All too often procrastination is associated with 
worsening of the condition. The time for delivery 
most frequently is between 6 and 24 hours after ad- 
mission. 

A long labor is to be avoided; however, the uterus 
of the toxemic patient is usually irritable and very 
responsive to oxytocin and amniotomy. Labor is usu- 
ally relatively short; the physician should be aware, 
however, that oxytocic-induced water intoxication 
occurs more readily in the toxemic patient who may 
already be edematous. 

Continuous epidural anesthesia is ideal for labor 
and delivery of toxemic patients, provided care is 
taken to avoid hypotensive episodes. Of course, re- 
flexes in the arm must replace patellar reflexes as a 
measure of nervous system irritability or magnesium 
levels. Continuous monitoring of the fetal heart rate 
and uterine contractions should be employed. In a 
situation in which placental perfusion is compro- 
mised, the fetal heart rate pattern will be a sensitive 
index of placental insufficiency. 

The first 24 to 48 hours after delivery require zeal- 
ous patient care and follow-up studies. Medication, 
especially magnesium sulfate, should be continued. 
The danger of postpartum convulsions is minimal 
after 48 hours. 


Summary of the Key Points in Therapeutic 
Management of Toxemia 


1. An adequate diet and attentive prenatal care 
are of foremost importance. There is no place for 
weight reduction in pregnancy. 

2. Sodium restriction may be harmful in pregnan- 
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cy, and the routine use of diuretic agents is to be 
condemned. 

3. Hospitalization is mandatory for the manage- 
ment of toxemia. 

4. The first line of defense is bed rest and seda- 
tion. 

5. The first major drug of choice is magnesium 
sulfate, for its action at the neuromuscular junction 
and its fetus-protecting effect on blood pressure and 
uterine blood flow. 

6. Antihypertensive medication should be used 


only to prevent a cerebral vascular hemorrhage—a 
situation which should seldom, if ever, arise. 

7. The patient with mild toxemia may be followed 
up closely in order to allow the fetus to reach matu- 
rity. Complete and modern assessment of fetal prog- 
ress is indicated, since there is a growing belief that 
the fetus with retarded intrauterine growth does bet- 
ter in a neonatal intensive care unit. 

8. Severe toxemia must be terminated by delivery 
soon after the patient has been admitted to the hos- 
pital. 
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Population studies indicate that hypertension occurs with greater fre- 
quency in diabetic than in nondiabetic subjects. The hypertension 
associated with diabetes may be of three types: (1) essential hyper- 
tension usually complicating diabetes of late onset, (2) systolic hy- 
pertension secondary to atherosclerosis, and (3) “diabetic hyperten- 
sion" which is a form of renal hypertension accompanying the clini- 
cal syndrome of diabetic nephropathy most commonly observed in 
patients with diabetes of juvenile onset. Surgically curable forms of 
hypertension including renal vascular hypertension are probably no 
more frequent in patients with diabetes than in the general popula- 
tion. 

Evidence is presented suggesting that there is suppression of the 
renin-angiotensin system accompanied by hypertension in uncon- 
trolled diabetes in the ret treated with alloxan. Additionally, suppres- 
sion of this system has been observed in patients with long-term dia- 
betes and evidence of diabetic renal disease and hypertension, a 
finding that may explain the rarity of malignant hypertension in long- 
term diabetes. Possible mechanisms involved in both the suppres- 
sion of the renin-angiotensin system and in the “diabetic hyperten- 
sion" are discussed. Since “diabetic hypertension" may be a form of 
hyporeninemic hypertension, elucidation of the mechanism involved 
may yield valuable information concerning the large group of pa- 
tients with essential hypertension with suppression of the renin-angi- 
otensin system. 

The agents used for antihypertensive therapy in the diabetic pa- 
tient are similar to those used in other hypertensive patients, but 
certain considerations must be given to their use, especially in the 
diabetic patient with complications. 


A greater incidence of hypertension in patients with diabetes melli- 
tus than in the nondiabetic population has been repeatedly reported. 
Numerous population surveys have suggested that the incidence in- 
creases with both the age of the patient and the duration of his dia- 
betes.1-12 In many of these reports, elevation of the blood pressure 
has been recorded in from 41 to 80 percent of the diabetic population 
studied, the highest comparative incidence being observed in diabet- 
ic patients, especially women, in the seventh decade of life. The rela- 
tion between hypertension and the presence or absence of renal dis- 
ease in the diabetic subject has been evaluated in only a few clinical 
surveys. In one review of more than 1,000 patients with diabetes of 
juvenile onset,® 53 percent of those surviving 35 years after the onset 
of diabetes were reported to have hypertension associated with dia- 
betic nephropathy. 

The cardiovascular and renal complications of diabetes mellitus 
are now well recognized and account for most of the accelerated 
death rate in this disease. The seeming prevalence of these complica- 
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tions only since the 1930’s is easily explained. Before 
the discovery of insulin by Banting and Best in 1921, 
and before the increase in frequency of urinary and 
blood glucose determinations in asymptomatic 
subjects, patients with known diabetes, especially 
children, had a life expectancy of less than 5 years. 
Early death from metabolic causes in a diabetic 
subject precluded sufficient time for development of 
chronic complications. After the discovery of insulin, 
the mean life span progressively lengthened, and in 
1968 anyone who had diabetes before age 40 could 
expect to live for more than 25 years (Fig. 1). 

The major causes of death in diabetic patients dif- 
fered significantly between the pre- and post-insulin 
eras. After the discovery of insulin, cardiovascular 
and renal disease replaced diabetic coma and infec- 
tion as the leading causes (Fig. 2). When these com- 
plications are related to the age at onset of diabetes 
(Fig. 3), renal disease is the leading cause of death 
when the onset of diabetes occurs before age 20 
whereas cardiovascular disease accounts for the mor- 
tality in most diabetic patients whose disease began 
after age 20. 

The adverse effect of hypertension, both systolic 
and diastolic, on the progression of coronary heart 
disease, cerebrovascular disease and peripheral vas- 
cular disease in the general population has been well 
documented by the results of the Framingham 
study.13-14 This study also showed greater morbidity 
and mortality from coronary heart disease and stroke 
in hypertensive subjects with diabetes mellitus than 
in those without diabetes. In contrast, the data of 
Pell and D'Alonzo!? from a smaller series of patients 
suggest that the increased mortality associated with 
hypertension was not significantly greater in their 
diabetic population than in their nondiabetic control 
group. 


Clinical and Pathologic Considerations 


Several histologic lesions including those in 
glomeruli, tubules, interstitium and arterioles are 
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found in diabetic renal disease. These pathologic le- 
sions have previously been reviewed extensively.!5 
The primary histologic lesions involving the micro- 
vasculature are the nodular lesion of Kimmelstiel and 
Wilson, most frequently seen in long-term diabetes 
of juvenile onset, and the diffuse glomerular lesion. 
This diffuse lesion has been most frequently associ- 
ated with the clinical syndrome of diabetic nephrop- 
athy—that is, proteinuria, hypertension and renal 
failure—and, increasing blood pressure was found to 
correlate closely with increasing severity of this le- 
sion.8 The arteriolosclerotic changes involving the 
small renal vessels are histologically similar to those 
observed in nondiabetic subjects. However, in dia- 
betic patients, the arteriolar hyalinization involves 
both the afferent and the efferent arterioles and may 
progress to occlude the arteriolar lumen.!? In addi- 
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tion, a correlation was observed between the severity 
of this hyalinization and the severity of the glomeru- 
lar nodular lesion.1® Bell!* reported hyalinization of 
the afferent arterioles in 60 percent of 2,500 diabetic 
patients studied postmortem. This lesion was pres- 
ent in one half of the subjects aged 20 to 50 years 
and in two thirds of those aged 50 or older. Since he 
observed this lesion in over one half of the elderly 
nonhypertensive diabetic subjects, and since this le- 
sion was uncommon in normotensive and hyperten- 
sive nondiabetic subjects, Bell concluded that it was 
produced by the diabetic state and was largely re- 
sponsible for the development of hypertension in 
young patients with diabetes. 


Etiology of Hypertension in Diabetes Mellitus 


In discussing the etiology of the hypertension in 
the diabetic population, it is important to distin- 
guish between diabetes of juvenile onset and that of 
mature onset. 

Diabetes of juvenile onset: The patient is gener- 
ally insulin-dependent, ketosis-prone and not obese. 
This group primarily comprises patients with onset 
of diabetes before age 40 and represents approxi- 
mately 20 percent of the estimated 3 million diabetic 
patients in this country. These patients have an ex- 
ceptionally high incidence of diabetic glomeruloscler- 
osis, and almost 50 percent with onset of diabetes 
before age 20 die of their renal disease. A significant 
contribution to the understanding of this type of dia- 
betes was made by Priscilla White? in her review of 
the natural history of 1,072 patients with diabetes of 
juvenile onset. In most of these patients the disease 
occurred abruptly before age 20, with symptoms 
being present for less than 1 month before diagnosis. 
Each patient required insulin for survival. Renal and 
vascular disease, both microvascular and macrovas- 
cular, were the most prominent and most important 
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complications. Although these lesions were uncom- 
mon before age 20, by age 30 years, 34 percent had 
proteinuria, 40 percent hypertension and 29 percent 
neovascularization in the optic fundi. As can be seen 
in Figure 4, clinical evidence of diabetic nephropathy 
manifested by proteinuria was rarely observed until 
diabetes had been present for 10 years. After 10 
years, there was a progressive increase in the inci- 
dence of proteinuria until diabetes had been present 
for 35 years, when 44 percent of the 268 surviving 
patients had proteinuria. In this same series, it is 
probable that the incidence of nephropathy was 
greater than 44 percent since 93 percent had back- 
ground retinopathy and 59 percent had neovasculari- 
zation. Indeed, autopsy studies have revealed histo- 
logic changes of diabetic glomerulosclerosis in the 
absence of clinical manifestations of diabetic ne- 
phropathy.? 

Of particular importance was the observation that 
the incidence of hypertension closely paralleled the 
incidence of proteinuria. This finding suggests that 
the hypertension may well be etiologically related to 
the underlying renal disease. Moreover, it suggests 
that this hypertension is associated with renal dis- 
ease of sufficient severity to have overt clinical mani- 
festations. This then would be a true form of renal 
hypertension, “‘diabetic hypertension." 

Pyelonephritis, a common complication in diabetic 
patients, is often superimposed on diabetic glomeru- 
losclerosis. This lesion may have some etiologic sig- 
nificance in the pathogenesis of the hypertension in 
some subjects. 

In a small percentage of patients with diabetes of 
juvenile onset, severe orthostatic hypotension, often 
associated with other signs of autonomic dysfunc- 
tion, develops late in the course of their renal dis- 
ease. These patients may or may not have preexist- 
ing hypertension. Frequently they have the nephrotic 
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syndrome and diabetic retinopathy and are severely 
debilitated. Evidence suggesting that a loss of vaso- 
pressor mechanisms may be involved in the origin of 
the orthostatic hypotension will be discussed later. 

Diabetes of mature onset: This type occurs pri- 
marily in patients over age 40. These patients are 
generally overweight and have minimal or no symp- 
toms of diabetes. They are not prone to ketoacidosis 
and seldom require administration of exogenous in- 
sulin. The incidence of death from renal disease in 
this diabetic population is low and this group com- 
prises approximately 80 percent of the total diabetic 
population. 

Hypertension, when present in these patients, may 
be divided into (1) “essential hypertension," and (2) 
“systolic hypertension” secondary to major vessel 
atherosclerosis, a process that is accelerated in dia- 
betes. Essential hypertension may antedate the 
onset of diabetes or develop after the diabetes has 
become established. 

Although the origin of hypertension in diabetes is 
primarily renal or ‘“‘essential,’’ surgically curable 
forms of hypertension are occasionally encountered. 
Cushing’s syndrome, primary aldosteronism and 
pheochromocytoma can be associated with a mild to 
moderate impairment of glucose tolerance, so-called 
secondary or nongenetic diabetes, which is frequent- 
ly reversible with correction of the metabolic defect 
of the primary disease. Rarely, these conditions may 
arise denovo in a patient with established diabetes. 

Considering the accelerated rate of atherosclerosis 
in diabetes, a high incidence of renovascular hyper- 
tension might be expected in diabetic subjects. Sha- 
piro et al.15 have reported a 44 percent incidence of 
diabetes in patients with renal artery stenosis diag- 
nosed by arteriography or at autopsy. However, in 
this relatively small series it is difficult to establish a 
causal relation between diabetes and renal artery 
stenosis because the diabetes was either subclinical 
or of very recent onset. It is equally difficult to at- 
tribute this hypertension to the renal artery stenosis 
because neither renal vein renin values nor surgical 
results were reported. From the experience of the 
Joslin Clinic over the past 4 years, it appears that 
hemodynamically significant renal artery stenosis in 
the diabetic population may be no more frequent 
than in the nondiabetic population. 


Renin-Angiotensin System and Hypertension in 
Experimental and Human Diabetes 


Although the renal disease in diabetes probably 
plays an important role in the concomitant hyper- 
tension, particularly in the juvenile type of diabetes, 
little attention has been given to defining the basic 
mechanisms involved in this hypertension. Over the 
past 3 years, this laboratory has been concerned pri- 
marily with investigating the renin-angiotensin sys- 
tem and its relation to catecholamines and hyperten- 
sion in both experimental and human diabetes. In 
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FIGURE 5. Mean blood pressure in alloxan-treated diabetic rats. 
“Mildly diabetic" rats had random serum glucose values of less 
than 450 mg/100 ml, "severely diabetic" rats more than 450 
mg/100 ml. 


the discussion that follows, the preliminary results of 
this research will be described. 

Experimental diabetes: Because alloxan-induced 
diabetes has served as the primary experimental 
model for diabetes for many years, the alloxan-treat- 
ed diabetic rat was initially selected to assess the ef- 
fect of abnormal carbohydrate metabolism on the 
renin-angiotensin system, catecholamines and blood 
pressure. Only acutely diabetic rats with diabetes for 
4 to 18 weeks have been studied thus far. For analy- 
sis of the data, these rats have been divided into 
two. groups, "mildly diabetic" (serum glucose less 
than 450 mg/100 ml) and “severely diabetic” 
(serum glucose more than 450 mg/100 ml) on the 
basis of random serum glucose and 24 hour urinary 
volume determinations.19 

In these rats, a highly significant correlation was 
observed between blood pressure and plasma glucose 
(r = 0.57) and between blood pressure and blood 
urea nitrogen (r = 0.62). Blood pressures of 150 mm 
Hg or higher were observed in 70 percent of the se- 
verely diabetic rats (Fig. 5).19 In that renal arteriolar 
thickening consistent with hypertension has previ- 
ously been described in kidneys of rats with alloxan- 
induced diabetes after 8 months of diabetes,?° the 
finding of hypertension in this model is not unex- 
pected. No significant differences in blood pressure 
were observed between mildly diabetic and control 
rats. 

Both renal renin and plasma renin activity were 
significantly lower in alloxan-treated diabetic rats 
than in control rats (Fig. 6). This decrease correlated 
inversely with the severity of the diabetes as assessed 
by serum glucose and 24 hour urinary volume deter- 
minations and with the degree of renal failure as as- 
sessed by blood urea nitrogen values.!? In addition, 
the vascular responsiveness to angiotensin II was sig- 
nificantly enhanced in severely diabetic rats that re- 
quired a decreased amount of angiotensin to produce 
a given rise in blood pressure (Fig. 6). Because a low 
pressor dose of angiotensin II is consistent with a 
lower circulating level of this hormone,?! .?? these re- 
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sults suggest that angiotensin IL, in addition to 
renin, is indeed decreased in this model. The ob- 
served discrepancy in mildly diabetic rats between 
normal angiotensin sensitivity and decreased renin 
activity is not necessarily inconsistent. In vivo varia- 
tions in converting enzyme, renin substrate and he- 
patic clearance of renin? may be present, especially 
considering the hepatotoxic effect of alloxan,24 and 
may be responsible for this finding. 

Human diabetes: Thus far, plasma renin activity 
has been measured in 15 diabetic patients with asso- 
ciated hypertension. Six of the seven patients with 
diabetic nephropathy had suppressed renin activity; 
the eight subjects without complications of diabetes 
had normal renin activity. 

To evaluate pressor responsiveness to angiotensin 
II in a diabetic population, angiotensin II has been 
infused into 15 patients without complications of di- 
abetes and into 5 patients with diabetes of long du- 
ration with retinopathy but without clinical evidence 
of nephropathy (Fig. 7). Those with retinopathy 
showed significantly greater pressor responsiveness 
to infused angiotensin. Additionally, there was a 
highly significant correlation between the dose of an- 
giotensin II required to increase diastolic blood pres- 


sure 20 mm Hg and the upright plasma renin activi- 
ty. 
In our laboratory we have observed a normal re- 
sponse of the plasma renin activity to the stimuli of 
sodium depletion and upright posture in 16 patients 
with long-standing diabetes without significant com- 
plications of their disease. Gossain et al.34 in the 
only other study of renin activity in diabetes re- 
ported increased plasma renin activity after intrave- 
nous administration of diazoxide in 10 patients with 
diabetes of the juvenile type whose diabetes had 
lasted a mean of 14 years and who had no evidence 
of diabetic complications. 

Taken together, the results of these studies suggest 
that the renin-angiotensin system is suppressed in 
long-standing diabetes with evidence of diabetic 
complications such as renal disease and retinopathy. 
In contrast, in diabetic patients without evidence of 
significant complications, the ability of the renin- 
angiotensin system to respond normally to different 
stimuli appears to remain intact. 

Certain differences and similarities between the 
experimental model and the human patient are ap- 
parent. Presumably. patients with hypertension and 
diabetic nephropathy had partial but not optimal 
control of their diabetes for many years. Diabetic 
rats, too, had evidence of renal disease. However, 
these rats had severely uncontrolled diabetes with 
serum glucose levels as high as 900 mg/100 ml but 
only for a period of weeks. This difference between 
the human patient and the rat raises the question 
whether the conclusions drawn from the animal ex- 
periments are applicable to man. Nevertheless, it 
appears that “diabetic hypertension" is similar to 
the low renin type reported in approximately 20 to 
30 percent of patients with essential hypertension. 
Possibly mechanisms involved in hyporeninemic es- 
sential hypertension and diabetic hypertension are 
similar and elucidation of the mechanisms involved 
in one would help resolve those in the other. 

Malignant hypertension is distinctly uncommon if 
it exists at all in long-term diabetes. Regardless of 
any other possible role decreased renin activity may 
play in “diabetic hypertension," it may be responsi- 
ble for protection from this accelerated phase of hy- 
pertension. 

The plasma renin activity has also been studied in 
a small number of diabetic subjects with orthostatic 
hypotension. One study comprised seven patients 
with long-standing diabetes of juvenile onset, ortho- 
static hypotension and other complications of diabe- 
tes including nephropathy, retinopathy and periph- 
eral neuropathy. In these patients, studied while 
they were receiving a 100 mEq sodium diet and after 
assuming the upright posture for 30 minutes and for 
4 hours, plasma renin activity was significantly de- 
pressed when compared with that of control diabetic 
subjects without significant diabetic complications.25 
Because these patients have features of autonomic 
nervous system insufficiency suggesting deficient 
sympathetic activity, a suppression of renin activity 
in diabetic patients with orthostatic hypotension 
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might be expected. However, in 10 of 13 patients 
with idiopathic orthostatic hypotension reported 
on,?® 33 plasma renin activity responded normally. It 
would appear, therefore, that in the diabetic patient 
factors other than those associated with autonomic 
insufficiency are responsible for the suppression of 
renin activity. 


Basic Mechanisms 


Previously, it was suggested that three forms of 
hypertension may be associated or seen with diabe- 
tes mellitus: (1) a specific renal hypertension accom- 
panying diabetic glomerulosclerosis, “diabetic hyper- 
tension," (2) systolic hypertension accompanying 
diabetic atherosclerosis, and (3) essential hyperten- 
sion. Data have been presented to suggest that the 
first of these forms, in addition to being associated 
with diabetic renal disease, may be associated with 
suppression of the renin-angiotensin system. 

Because renal lesions associated with diabetic 
glomerulosclerosis could lead to the disturbances in 
hypertensive mechanisms, including alterations in 
the renin-angiotensin system, a brief review of the 
proposed causes of diabetic renal disease appears ap- 
propriate. Possible mechanisms for the suppression 
of the renin-angiotensin system in diabetes and for 
“diabetic hypertension" will then be discussed. 


Diabetic Glomerulosclerosis 


The basic mechanisms producing the microvascu- 
lar abnormalities in diabetic glomerulosclerosis and 
other small vessel disease in diabetic patients remain 
to be clarified. The two major controversial hypothe- 
ses currently entertained to account for these lesions 
are (1) the genetic theory, and (2) the metabolic 
theory. Because these theories have recently been re- 
viewed with an extensive bibliography,?5 this discus- 
sion will merely summarize the pertinent features of 
each. 

Genetic theory: Proponents of the genetic hy- 
pothesis suggest that the microangiopathy is the pri- 
mary result of the genome of the vascular system 
and is independent of factors associated with insulin 
deficiency. They cite for support the observation 
that microvascular lesions have been observed in a 
few patients without demonstrable glucose abnor- 
malities39.37 or with only minimal glucose intoler- 
ance.35.39 Further support stems from the occasional 
observation that thickening of the glomerular base- 
ment membrane, the earliest histologic change in di- 
abetic glomerulosclerosis, may occur rarely in pa- 
tients soon after the onset of diabetes? or even more 
rarely in prediabetic subjects.41 However, other in- 
vestigators#?-44 have been unable to confirm these 
observations or support the variability of the disease 
with the possibility that the patient might be cur- 
rently in remission. 

Metabolic theory: Proponents of the metabolic 
theory believe that diabetic microangiopathy is a di- 
rect result of metabolic abnormalities secondary to a 
relative or absolute deficiency of effective circulating 
insulin. Chemical analysis of basement membranes 
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has confirmed the previous histochemical impression 
that these membranes are largely glycoproteins.*9 
Recent evidence suggests that glucosyltransferase in 
the kidney cortex, which is important in basement 
membrane synthesis, is elevated in kidneys from rats 
with alloxan-induced diabetes and increases with the 
duration of the disease. Insulin treatment of these 
rats returned the level of this enzyme toward nor- 
mal.4® Additionally, the metabolic pathway from 
glucose to glycoprotein does not require insulin.*? 
Therefore, an excess of glucose accompanied by a de- 
ficiency of insulin could result in shunting of glucose 
along pathways not dependent on insulin and in- 
crease the formation of glycoproteins. This, then, 
could lead to excessive accumulation of glycoproteins 
in small blood vessels and account for these vascular 
lesions in diabetes. Such a concept, although grossly 
oversimplified, would directly implicate elevated 
glucose in the formation of these lesions. 

Three findings support this theory: (1) The preva- 
lence and severity of the microvascular lesions in- 
crease with increasing duration and severity of the 
diabetes: (2) microvascular lesions are found in pa- 
tients with apparently nongenetic diabetes secondary 
to endocrine or pancreatic disease,55-53 and (3) 
microvascular lesions may develop in several species 
of animals with experimental diabetes.54-57 

Although there is evidence to support each of these 
theories for the origin of the diabetic microvascular 
disease, there appears to be considerably more sup- 
port for the metabolic than for the genetic theory. It 
is possible that both may be relevant. At any rate, if 
the metabolic theory is correct, then one would ex- 
pect normoglycemic control of the diabetes to de- 
crease or prevent the glomerulosclerotic lesions of di- 
abetes and, in turn, decrease or prevent the hyper- 
tension associated with diabetic nephropathy. With 
current forms of insulin and methods for administra- 
tion, normoglycemic control of the diabetes is impos- 
sible over the lifespan of a patient with diabetes of 
juvenile onset. Most subjects have varying levels of 
hyperglycemia during at least part of each day. Proof 
for the metabolic theory will await normalization of 
carbohydrate-insulin relations by the artificial pan- 
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Possible Mechanisms for Hyporeninemia in Diabetes 


Mechanism 





Rats 1. Toxic effect of alloxan on juxtaglomerular cells 
Rats 1. Metabolic defect in the synthesis of renin secondary 
and to hyperglycemia or insulin deficiency 
Man 2. Decreased sensitivity of receptor mechanisms for 
renin release 
3. Destruction of juxtaglomerular cells 
. Decreased renin substrate 
5. Physiologic suppression of the renin-angiotensin 
system due to expanded blood volume 
a. Elevated mineralocorticoid activity 
b. Renal sodium retention secondary to renal dis- 
ease 
c. Deficient salt-losing hormone 
d. Plasma hyperosmolarity due to hyperglycemia 
6. Decreased activity of the sympathetic nervous 
system 
7. Increased sodium load to the macula densa secon- 
dary to osmotic diuresis 


A 


creas or successful transplantation of pancreatic is- 
lets or islet-containing tissue. 


Suppression of the Renin-Angiotensin System 


Toxic effect of alloxan: Several possible explana- 
tions for the observed suppression of the renin-angio- 
tensin system in diabetes are listed in Table I. Three 
studies have been performed to evaluate a possible 
toxic effect of alloxan on the juxtaglomerular cells in 
rats with alloxan-induced diabetes. In one study, the 
left kidney was protected by occluding the left renal 
artery during and for 5 minutes after the injection of 
alloxan in eight rats. Despite this protection, the 
renal renin activity decreased in both kidneys and, 
although activity was higher in the protected kidney, 
the difference was not statistically significant. In the 
second study, angiotensin sensitivity and plasma 
renin activity were compared in insulin-treated and 
nontreated rats.58:59 Although only partial control of 
the diabetes was achieved with insulin therapy, an- 
giotensin sensitivity, plasma renin activity and blood 
urea nitrogen tended to normalize (Fig. 8). In the 
third study, another diabetogenic agent, streptozoto- 
cin, was employed to induce diabetes. Similar to 
findings in alloxan-treated diabetic rats, angiotensin 
sensitivity was significantly greater in streptozoto- 
cin-treated rats than in control rats.6° 

The results of these studies, although not elimi- 
nating the possibility of a direct effect of alloxan on 
the juxtaglomerular apparatus, suggest that factors 
other than alloxan toxicity are responsible for the 
suppression of the renin-angiotensin system. They do 
not preclude a “permissive” toxic effect of alloxan on 
the juxtaglomerular cells resulting in decreased renin 
when other factors associated with diabetes are oper- 
ative. 

Metabolic defects in synthesis or release of 
renin: Two other possible mechanisms to account 


for the observed suppression of the renin-angiotensin 
system in either rats or man relate to a possible met- 
abolic defect in the synthesis of renin or to a de- 
creased sensitivity of the receptive mechanism re- 
sponsible for renin release which in some way is asso- 
ciated with altered glucose metabolism. Although 
chronic insulin deficiency may affect these mecha- 
nisms, there is some evidence that acute insulin defi- 
ciency does not. In human diabetic ketoacidosis, a 
condition of extreme insulin deficiency accompanied 
by severe volume depletion, markedly elevated plas- 
ma renin activity has been observed.9! Interestingly, 
three patients with diabetes of long duration and ev- 
idence of neuropathy had a blunted renin response to 
the stimulus of ketoacidosis with severe volume de- 
pletion, suggesting a possible decrease in renal renin 
secretion or a block in the signal to release renin. 
Destruction of juxtaglomerular cells: Hyaliniza- 
tion of the afferent glomerular arteriole offers yet an- 
other possible explanation for renin suppression in 
long-standing human diabetes. Figure 9 shows the 
location of the juxtaglomerular cells in the afferent 
arteriole adjacent to the glomerulus (left panel) and 
a photograph of a diabetic glomerulus demonstrating 
hyalinization in the area of the juxtaglomerular cells 
(right panel). Hyalinization could indeed replace 
these cells. Since this process is usually segmental,15 
it is unlikely that it would replace all of the juxtaglo- 
merular cells in a diabetic subject. However, if a suf- 
ficient number of afferent arterioles were involved, 
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ume, blood urea nitrogen, plasma renin activity and angiotensin 
I! sensitivity (amount required to produce a 10 mm Hg increase 
in blood pressure) in alloxan-treated diabetic rats. 
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FIGURE 9. The justaglomerular cells in normal and diabetic kidney. Left panel, relation of the juxtaglomerular cells to the afferent ar- 
teriole of the glomerulus. (From Conn JW et al, Annals of Internal Medicine, 63:268, 1965. Reprinted with permission of Dr. Conn and 
the Editor). Right panel, photograph (X 400, reduced by 38 percent) of glomerulus and afferent arteriole of a patient with diabetic 
renal disease. Lower arrow indicates juxtaglomerular cells in the afferent arteriole. Upper arrow shows area of segmental hyalinization 
replacing the juxtaglomerular cells in the afferent arteriole. (Photograph through the courtesy of Dr. Merle A. Legg, Department of Pa- 


thology, New England Deaconess Hospital, Boston, Mass.). 


the renin storage and releasing apparatus of the kid- 
ney could be compromised and impaired renin re- 
sponse could ensue. Additionally, such a pathologic 
process, even in minor degree, could be expected to 
alter the proposed intravascular receptor mechanism 
located in the kidney.9? Although this process might 
explain renin suppression in patients with diabetes 
of long duration, such a mechanism is unlikely in the 
acutely diabetic rats in which no arteriolar disease 
was noted in the histologic examination of 26 kid- 
neys. 

Decreased renin substrate: Because the method 
of determining plasma renin activity in man assumes 
an excess of substrate, a deficiency of renin substrate 
in diabetic subjects could explain the decreased plas- 
ma renin activity. No data are yet available con- 
cerning renin substrate concentrations in such pa- 
tients. In the diabetic rat, however, the decrease in 
renal renin activity, as assessed by incubating with 
excess substrate,93 suggests that renin secretion is 
primarily decreased and that the decreased plasma 
renin activity and increased angiotensin sensitivity 
have their origin in the juxtaglomerular cells of the 
kidney. 

Expanded blood volume: The role of alterations 
in blood volume in affecting changes in the renin- 
angiotensin system is well recognized. Usually, 
changes in blood volume are mediated through 
changes in sodium metabolism, sodium retention 
being associated with hypervolemia and suppression 
of renin activity. In diabetes, an additional explana- 
tion for hypervolemia not involving sodium can be 
hypothesized. Diabetic patients with an elevated 
level of blood glucose would be in a state of relative 


extracellular hyperosmolarity due to the differential 
glucose concentrations across most but not all cell 
membranes. As long as fluid intake is adequate to 
compensate for urinary losses, the hyperosmolarity 
could lead to extracellular volume expansion accom- 
panied by intracellular dehydration. 

Blood volume measurements when related to body 
weight in severely diabetic rats were significantly el- 
evated over those in control rats (Fig. 10). This find- 
ing could possibly explain the observed suppression 
of the renin-angiotensin system in this animal 
model. In human diabetes of short duration, how- 
ever, no significant difference in either blood volume 
or plasma renin activity was observed when the same 
patients were compared under conditions of nonketo- 
tic hyperglycemia and after normoglycemic con- 
trol.64 This finding does not preclude the possibility 
that small increases in blood volume, undetected by 
the methods used, were present during periods of hy- 
perglycemia. If such were the case in diabetic pa- 
tients, a mild elevation in blood volume over a peri- 
od of years could be instrumental in causing renin 
suppression. 

Decreased activity of sympathetic nervous sys- 
tem: In view of the accumulated evidence suggesting 
that catecholamines are instrumental in effecting 
renin release,99-97 a decrease in catecholamines could 
be responsible for suppression of the renin-angioten- 
sin system in diabetic patients. In 4 subjects with 
long-standing diabetes complicated by retinopathy, 
the pressor responsiveness to infused norepinephrine 
was significantly increased over that in 13 diabetic 
subjects without complications. This suggests the 
possibility of decreased circulating catecholamines in 
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FIGURE 10. Blood volume in alloxan-treated diabetic rats. 
“Mildly diabetic" rats had random serum glucose values of less 
than 450 mg/100 ml, "severely diabetic" rats more than 450 


mg/100 ml. 


those patients with retinopathy. Christensen$5 found 
decreased plasma catecholamines in patients with 
long-term diabetes and neuropathy, but normal 
plasma catecholamines in subjects with long-term 
diabetes without complication. Therefore, in patients 
with long-term diabetes accompanied by nephropa- 
thy, neuropathy and orthostatic hypotension, de- 
creased circulating catecholamines may be responsi- 
ble for the observed suppression of renin activity. 

In the alloxan- and streptozotocin-treated acutely 
diabetic rats, pressor responsiveness to both norepi- 
nephrine and tyramine were normal (Fig. 11).19.60 
This finding suggests that circulating norepinephrine 
and norepinephrine stores are normal in these mod- 
els and militates against a role for catecholamine de- 
ficiency in effecting the observed suppression of the 
renin-angiotensin system. 

Macula densa and renin release: The precise 
mechanism by which the macula densa plays a role 
in renin release is not established. There is evidence 
that an increase in sodium load reaching the macula 
densa leads to increased renin release.9?.70 On the 
other hand, Vander and Miller?! were able to pre- 
vent increased renin secretion after aortic constric- 
tion by the administration of osmotic diuretic agents 
which likewise increase sodium load to the macula 
densa. No studies concerning renal tubular sodium 
‘in diabetic subjects are available so that the role of 
possible sodium load to the macula densa during os- 
motic diuresis remains to be clarified. 

Only a few of the many possible mechanisms for 
suppression of renin activity in diabetes have been 
discussed. It is entirely possible that several factors 
are involved simultaneously. Elucidation of these 
factors in diabetes may give important clues con- 
cerning the mechanism of renin suppression in nor- 
mal conditions and in other pathophysiologic states. 





Mechanisms in Diabetic Hypertension 


Factors initiating the hypertension: In any dis- 
cussion concerning the mechanisms involved in hy- 
pertension, the factors involved in initiating and sus- 
taining the hypertension must be differentiated. As 
in other types of hypertension, different factors may 
be involved in the onset from those involved in the 
maintenance of “diabetic hypertension" in both man 
and the rat. Although both models appear to have 
renal disease associated with the hypertension in the 
established phase, it is possible that the hypertensive 
process has its onset before the development of clini- 
cal renal disease. 

Evidence for such a concept has been derived from 
studies in both the rat and man. In the rat, although 
some control of the diabetes was achieved with insu- 
lin treatment, with partial normalization of the 
blood glucose, plasma renin activity, angiotensin 
sensitivity and blood urea nitrogen (Fig. 8), hyper- 
tension was not prevented (Fig. 12). Since these rats 
were severely diabetic for a short time before insulin 
therapy was instituted, it is possible that hyperten- 
sive mechanisms stimulated during this early phase 
of uncontrolled diabetes are irreversible with only 
partial control of the diabetes. Alterations in blood 
volume?2-75 and cardiac output79-7? may be present 
in early hypertension of other types and may play a 
definite role in initiating the hypertensive process. It 
is possible that increases in these factors could ini- 
tiate the hypertensive process in diabetic rats and 
that other mechanisms, such as those involved in in- 
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panel) sensitivity in alloxan-treated diabetic rats. “Mildly diabet- 
ic" rats had random serum glucose values of less than 450 
mg/100 ml, "severely diabetic" rats more than 450 mg/100 ml. 
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creasing peripheral vascular resistance, primarily ac- 
count for the chronic phase; this possibility has been 
suggested for some patients with essential hyperten- 
sion.”® Although cardiac output was not measured in 
these rats, evidence was presented to suggest that 
blood volume may be elevated (Fig. 10). Whether 
this elevated blood volume was associated with the 
hyperglycemia per se or was a complication of the 
renal disease has yet to be shown. 

Evidence in the diabetic patient that hypertension 
may have its inception early in the course of diabetes 
and without an association with the renal disease de- 
rives from the study of Moss!? who evaluated blood 
pressure in 123 diabetic and 889 nondiabetic chil- 
dren. He found that the systolic blood pressure, al- 
though not at hypertensive levels, increases signifi- 
cantly in diabetic children at about age 13 with no 
relation between the elevated blood pressure and the 
duration of the diabetes. Although no studies evalu- 
ating cardiac output or blood volume in young chil- 
dren have been reported, increased glomerular filtra- 
tion rate has been observed.5? Both elevation of the 
systolic pressure and increased glomerular filtration 
rate could be the result of increased cardiac output. 
Additionally, in view of the observation that plasma 
renin activity responsiveness was enhanced in un- 
complicated juvenile diabetes?4 as opposed to the 
decreased plasma renin activity seen in late stage di- 
abetes, one must consider a possible angiotensin 
mechanism in initiating “diabetic hypertension." 


Factors sustaining the hypertension: Table II 
summarizes the findings to date concerning possible 
mechanisms for sustaining "diabetic hypertension." 
One common feature between the diabetic patient 
and the diabetic rat with established hypertension is 
the presence of renal disease, thus suggesting that 
the hypertension may be maintained by alterations 
in blood pressure homeostatic mechanisms of renal 
origin. This does not mean that the hypertensive di- 
abetic rat necessarily represents a model for human 
diabetic hypertension. As noted previously, differ- 
ences in renal histology exist between the diabetic 
patients and rats studied thus far. In human 
subjects, the hypertension is associated with the his- 
tologic lesions of glomerulosclerosis. The rats had no 
evidence of glomerulosclerosis but did have glomeru- 
lar enlargement, tubular atrophy and dilatation, in- 
terstitial pyelonephritis and tubular cell calcifica- 
tion. Since they were diabetic for less than 5 months, 
changes of glomerulosclerosis would not yet be ex- 
pected.®? Therefore it is still possible that similar 
renal mechanisms associated with the diabetic state 
are operative in both the human being and the rat. 

An elevated blood volume, in addition to possibly 
being involved in the mechanisms initiating the hy- 
pertensive process, may play a role in maintaining 
the hypertension once it is established. Certainly the 
role of changes in blood volume in the hypertension 
associated with severe renal disease of nondiabetic 
types and in the anephric man have been well estab- 
lished.®1:82 Such a mechanism could explain both 
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FIGURE 12. Development of hypertension despite insulin treat- 
ment in alloxan-treated diabetic rats. BP = blood pressure. 


the hypertension and the suppression of the renin- 
angiotensin system in diabetes. No data are avail- 
able concerning mineralocorticoid activity or sodium 
and potassium balance in diabetes. However, in view 
of the normal serum electrolytes observed even in di- 
abetic patients with the nephrotic syndrome before 
the stage of terminal renal failure, it is likely that 
mineralocorticoid activity is normal or near normal 
and not involved directly in the maintenance of the 
hypertension. 

The evidence accumulated thus far suggests that 
two vasopressor mechanisms, namely, angiotensin II 
and catecholamines, may not be involved in sustain- 
ing “diabetic hypertension." The marked suppres- 
sion of the renin-angiotensin system in diabetic rats 
and in patients with complications of diabetes renders 


TABLE II 


Possible Mechanisms in “Diabetic Hypertension” 


Human Diabetes ` 


With 
Uncom- Compli- 
plicated cations* 


Alloxan-Induced 
Diabetes 


Mild Severe 


Renin-angiotensin system 


Renal renin activity J T YT see 
Plasma renin activity l jx Nor ft: s 
Circulating angiotensin Il U U U U 
Angiotensin I! sensitivity N tet N T 
Substrate concentration U U U U 
Catecholamines 
Plasma norepinephrine U U N l 
Norepinephrine sensitivity N N N T 
Tyramine sensitivity N N U U 
Mineralocorticoid activity U U U U 
Circulating blood volume N T N U 
Cardiac output U U U U 
Peripheral vascular resistance U U U U 
Prostaglandins U U U U 


* Includes nephropathy, neuropathy and retinopathy. 
| = decreased; | | = markedly decreased; 1 = increased; 
T T = markedly increased; N = normal; U = unknown. 
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it unlikely that this system would be involved. Like- 
wise, the observation in patients with long-standing 
diabetes that circulating norepinephrine is de- 
creased®8 and norepinephrine sensitivity is increased 
(again suggesting decreased circulating levels of this 
hormone) suggests that there is no direct participa- 
tion of this neuroeffector agent in the maintenance of 
diabetic hypertension. In the diabetic rat, however, 
evidence was presented suggesting that circulating 
norepinephrine and norepinephrine stores are normal 
(Fig. 11). 

Another approach to this problem is the possible 
role of impaired secretion of prostaglandins. These 
substances are synthesized by renomedullary inter- 
stitial cells,53 and some are reported to have vaso- 
depressor effects.84:85 Various degrees of imbalance 
between pressor and depressor mechanisms could 
occur in diabetic nephropathy and could influence 
the blood pressure level, but no data are available on 
this subject. 

Obviously any proposed mechanism to explain the 
origin of the hypertension in diabetes at this time is 
merely speculative. However, since evidence has 
been presented to suggest that this is a hyporenin- 
emic form of hypertension, and since approximately 
20 percent of the population with essential hyper- 
tension might also have a hyporeninemic form of hy- 
pertension, elucidation of the mechanisms involved 
in diabetes may add important information on the 
mechanisms involved in the much larger population 
with essential hypertension. 


Treatment of Hypertension in the Diabetic 
Patient 


The treatment of the hypertensive diabetic patient 
is multifaceted. Attention must be given both to the 
complications of diabetes mellitus, particularly the 
renal and cardiac disease. and to the hypertension 
itself. Control of the hypertensive diabetic patient is 
therefore a complex and challenging problem. Since 
the indications for and methods of treatment of the 
diabetes were recently extensively reviewed,86-88 
only the pertinent considerations in treating the 
patient with “diabetic hypertension” and his accom- 
panying renal disease will be discussed. 


Control of Diabetes and Its Complications 


Correcting the metabolic abnormality of diabetes 
is the first consideration for several reasons. This 
may prevent or decrease the progression of diabetic 
complications including the renal disease.8? Once 
renal disease progresses, severe hypoglycemic reac- 
tions may occur because of decreasing insulin re- 
quirements and increasing sensitivity to insulin.99.91 
'These changes probably are in part secondary to the 


decreased intake of food and in part due to loss of 


renal mass. The kidney is second only to the liver as 
the major site of insulin degradation.?? Compound- 
ing the problem is the progressive elevation in renal 
threshold for glucose as the glomerular filtration rate 
decreases, rendering urinary tests for glucose ex- 


tremely poor indicators of diabetic control. More fre- 
quent blood glucose determinations then become of 
considerable value. Additional reasons for control of 
the diabetes include the prevention of fluid and elec- 
trolyte shifts that accompany wide swings in blood 
sugar and the prevention of ketoacidosis which, to- 
gether with preexisting uremic acidosis, may prove 
fatal. 

Diet, insulin and oral hypoglycemic agents: Ad- 
equate dietary therapy is always the mainstay of di- 
abetic control. In uncomplicated diabetes mellitus, 
mild carbohydrate restriction generally facilitates 
control. In the presence of renal failure, carbohydrate 
and fat intake should remain liberal with protein re- 
striction or substitution of essential amino acids as 
indicated. Insulin, of course, is the drug of choice in 
diabetes of juvenile onset and in most patients with 
diabetic nephropathy and accompanying hyperten- 
sion. As implied earlier, the required dose of insulin 
often must be decreased as the renal disease pro- 
gresses. Oral hypoglycemic agents for the most part 
are contraindicated in the presence of diabetic ne- 
phropathy because of the severe hypoglycemia they 
may occasionally produce. Both chlorpropamide (Di- 
abinese®) and hydroxyhexamide, which is a metabo- 
lite of acetohexamide (Dymelor®) producing hypo- 
glycemia, are in large part excreted by the kidney. In 
the presence of renal disease these agents may accu- 
mulate to toxic levels in the body. Phenformin 
(DBI®), which also accumulates in the presence of 
renal failure, may lead to lactic acidosis.?? Tolbu- 
tamide (Orinase9), which is inactivated by the liver 
but may have a prolonged half-life in the presence of 
renal disease,?* and tolazamide (Tolinase®), which is 
metabolized to inactive compounds, appear to be the 
safer oral hypoglycemic agents in this condition. 

Problems with hypoglycemia and lactic acidosis 
may not be the only major complications of therapy 
with an oral hypoglycemic agent. Although early 
studies99.96 revealed no increased cardiovascular 
mortality associated with these drugs, the results of 
recent studies suggest that their use may increase 
the incidence. of cardiovascular deaths.97:98 These 
results remain highly controversial. Should they be 
verified, one possible mechanism to explain the in- 
creased cardiovascular mortality would be an in- 
creased activity of the renin-angiotensin system, 
especially considering the observations of Brunner et 
al.99 who reported that elevated plasma renin activi- 
ty in patients with essential hypertension is associ- 
ated with an increased incidence of death from car- 
diovascular disease. In light of the proposed mode of 
action of the oral hypoglycemic agents, one might 
anticipate an elevated plasma renin activity in dia- 
betic patients with no renal complications of their 
diabetes. The sulfonylureas probably increase insulin 
secretion by competitive inhibition of 3/,5/—adeno- 
sine monophosphate (AMP) phosphodiesterase in 
the pancreatic beta cell, thus increasing cyclic 
AMP.100 Since sulfonylureas also inhibit phosphodi- 
esterase in kidney fractions,19! and since cyclic AMP 
is involved in renin release,1°? these drugs could in- 


602 September 20, 1973 The American Journal of CARDIOLOGY Volume 32 


crease renin secretion. To evaluate this possibility, 
plasma renin activity in patients with diabetes mel- 
litus for less than 15 years who were receiving oral 
hypoglycemic agents was compared with that of a 
similar group of insulin-treated patients and a group 
of diabetic patients treated with diet alone. Al- 
though the group treated with the oral agent demon- 
strated increased plasma renin activity, the differ- 
ence was not statistically significant (Fig. 13). 
Treatment of renal disease: The treatment of the 
renal disease itself in diabetic subjects is similar to 
that in nondiabetic subjects with chronic renal dis- 
ease. Any infections, of course, must be diagnosed 
and treated. In the absence of edema, azotemia or 
hypertension, no specific therapy is indicated. Once 
the renal disease progresses to the stage of nephrotic 
syndrome, the judicious use of sodium restriction 
(provided salt wasting is not a feature) and diuretic 
agents is indicated. Hyperkalemia may require treat- 
ment with cation exchange resins such as sodium 
polystyrene sulfonate (Kay-exalate®). With contin- 
ued progression of the disease, hemodialysis followed 
by renal transplantation may be considered. Renal 
transplantation in diabetic patients is a relatively 
new area in medicine, and to date the experience is 
limited. Kjellstrand et al.,193 who have the largest 
series thus far, report a 60 percent 2 year survival 
rate after renal transplantation. Although the guide- 
lines for selection of diabetic patients for renal trans- 
plantation have not been worked out, experience 
with patients having severe heart disease and major 
vessel disease has been especially disappointing. 


Treatment of Hypertension and Its Complications 


Although no studies evaluating the effect of ade- 
quate antihypertensive therapy in diabetic patients 
with hypertension have been reported, there is little 
doubt that control of moderate and severe hyperten- 
sion in the nondiabetic population decreases the in- 
cidence of cardiovascular and renal complications of 
the hypertension.1904.105 Tt would appear, therefore, 
that in hypertensive diabetic patients, who have 
accelerated major and small vessel disease even 
when normotensive, normalization of the blood pres- 
sure would be beneficial. 

In the diabetic patient with elevation of systolic 
pressure only, attempts to decrease this pressure are 
usually ineffective. Because this type of hypertension 
is secondary to major vessel atherosclerosis with loss 
of vascular elasticity, a major reduction in pressure 
theoretically could be detrimental by reducing blood 
flow to the brain and heart. Additionally, there have 
been no controlled studies to assess the effect on 
morbidity and mortality of lowering the systolic 
pressure. Therefore, despite the results of the Fram- 
ingham study,!3 which indicated that systolic blood 
pressure was a major determinant in cardiovascular 
complications, overly vigorous treatment of isolated 
systolic hypertension is probably not indicated at 
present. 

Although the therapeutic agents used in both pa- 
tients with diabetes with essential hypertension and 
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FIGURE 13. Plasma renin activity (PRA) in diabetic patients 
treated with diet alone, diet plus insulin, and diet plus oral hypo- 
glycemic drugs. The number of patients studied in each group is 
noted at the base of the bars. Differences are not statistically 
significant. 


those with “diabetic hypertension" are the same 
drugs used in the treatment of hypertension in the 
nondiabetic population, certain considerations in the 
use of these drugs in the diabetic subject may be im- 
portant. As in the treatment of other forms of hyper- 
tension, a combination of several antihypertensive 
agents may be necessary. 

Diuretics: Diuretic agents remain an integral part 
of any antihypertensive program. It is well known 
that kalieuretic diuretic drugs such as thiazides or 
furosemide may result in hypokalemia. Because 
hypokalemia can inhibit insulin release and result in 
glucose intolerance,!96 these drugs may cause eleva- 
tion of the blood glucose in diabetes controlled by 
diet alone or by diet plus oral hypoglycemic agents. 
Indeed, they are next to dietary indiscretion as the 
leading cause of failure of normoglycemic diabetic 
control in diabetes of late onset. Maintenance of the 
serum potassium within normal levels with adequate 
potassium supplementation or spironolactone thera- 
py will reverse the abnormality. Kaliuretic diuretic 
agents present no problem in the treatment of insu- 
lin-dependent diabetic patients even if hypokalemia 
develops because these patients rely upon exogenous 
insulin rather than endogenous insulin secretion for 
control of their diabetes. In patients with terminal 
renal disease, hyperkalemia is often present, and spi- 
ronolactone therapy must be used with extreme cau- . 
tion. 

Rauwolfia derivatives, alpha methyldopa and 
guanethidine: All of these agents, which mediate an 
antihypertensive effect through interference with the 
sympathetic system, may be useful in diabetic pa- 
tients with essential hypertension or early “diabetic 
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hypertension” when catecholamine storage and me- 
tabolism are presumably normal. Various antihyper- 
tensive effects are observed in late "diabetic hyper- 
tension" with its accompanying renal failure. Moder- 
ate to severe hypertension in these patients is often 
resistant to any antihypertensive regimen including 
this group of drugs, thereby suggesting that the me- 
chanism mediating this late hypertension may not 
be catecholamine-dependent. 

Hydralazine: This drug appears to be an effective 
agent in lowering the blood pressure in hypertensive 
diabetic patients, even in many of those with severe 
renal disease, thus suggesting that vasoconstriction 
is involved in the mechanism of the hypertension. In 
addition to the usual precautions in preventing the 
dose-related lupus erythematosus-like syndrome, this 
drug with its attendant increase in cardiac output 
must be used with extreme caution in diabetic 
subjects with accelerated coronary atherosclerosis 
when an increase in cardiac work might precipitate 
angina or myocardial infarction. However, by lower- 
ing the blood pressure, hydralazine may effect an 
improvement in overall myocardial function that 
may outweigh any potential deleterious effect of in- 
creased cardiac output. 

Propranolol: Recently propranalol, a beta adren- 
ergic blocking agent, has been found to be a valuable 
antihypertensive drug in some hypertensive patients. 
Its inhibitory effect on renin secretion appears to be 
well established.197-199 Further, Bühler et al.11° have 
reported 100 percent effectiveness in lowering the 
blood pressure of hypertensive patients with high 
plasma renin activity and no antihypertensive effect 
in those with low plasma renin activity. Therefore, it 
would appear that although propranolol may be ef- 
fective in lowering the blood pressure of certain dia- 
betic subjects with essential hypertension provided 
they have high or normal plasma renin activity, its 
efficacy in patients with “diabetic hypertension” and 
low plasma renin activity may be limited. The fre- 
quency of congestive heart failure in this latter group 
of patients would further limit its usefulness. It is 
possible, however, that propranolol could prove use- 
ful in *diabetic hypertension” through other actions 
on the adrenergic nervous system or through reduc- 
tions in cardiac output. 


Malignant hypertension and hypertensive en- 
cephalopathy: Although these complications can oc- 
casionally be seen in patients with short-term diabe- 
tes and essential hypertension, they are rarely, if 
ever, encountered in patients with long-term diabe- 
tes as a complication of ‘‘diabetic hypertension." In 
the experience of the Joslin Clinic, these hyperten- 
sive emergencies have not been observed in a single 
such patient. This rarity of malignant hypertension, 
a condition often associated with extremely high lev- 
els of plasma renin activity, may be explained by the 
observed suppression of plasma renin activity in pa- 
tients with “diabetic hypertension." It is probable 
that these patients are unable to release renin in 
amounts sufficient to produce this syndrome. 

Should the syndrome occur in a diabetic subject, 
however, emergency treatment remains the same as 
for nondiabetic subjects with the use of such drugs 
as reserpine, ganglion blocking agents, hydralazine, 
propranolol, and diazoxide. Since diazoxide impairs 
insulin secretion even in nondiabetic subjects, se- 
vere hyperglycemia necessitating insulin therapy 
may occur with its use in diabetic patients treated 
with diet alone or with diet and oral hypoglycemic 
agents. 

Orthostatic hypotension: The rare occurrence of 
orthostatic hypotension in diabetic patients presents 
a formidable problem in management. Attempts to 
lower the supine blood pressure with antihyperten- 
sive drugs frequently result in a further and intolera- 
ble decrease in the upright pressure. The use of 10- 
inch blocks under the head of the bed, 9-a-fluorohy- 
drocortisone in the morning, and a short-acting anti- 
hypertensive agent such as hydralazine before retir- 
ing may be useful in decreasing the supine and in- 
creasing the upright pressures. 
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valvular rheumatic heart disease. 
WARNINGS . : 
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METHYCLOTHIAZIDE TABLETS 


Brief Summary 


CONTRAINDICATIONS: Anuria. 
LÀ ande ei id to this cr other sulfonamide-derived drugs. 
e routine use of diuretics in an otherwise healthy pregnant woman 
with or without mild edema is contraindicated and possibly hazardous. 


WARNINGS: Should be used with caution in severe renal disease. 
In patients with renal disease, thiazides may precipitate azotemia. 
Cumulative effects of the drug may develop in patients with 
impaired renal function. 5 

Thiazides should be used with caution in patients with impaired 
hepatic function or progressive liver disease, since minor alterations 
of fluid and electrolyte balance may precipitate hepatic coma. 

Thiazides may be additive or potentiative of the action of other 
antihypertensive drugs. Potentiation occurs with ganglionic or 
peripheral adrenergic blocking drugs. 

Sensitivity reactions may occur in patients with a history of allergy 
or bronchial asthma. 

The possibility of exacerbation or activation of systemic lupus 
erythematosus has been reported. 


USAGE IN PREGNANCY: Usage cf thiazides in women of childbearing 
age requires that the potential benefits of the drug be weighed 

against its possible hazards to the fetus. These hazards include fetal 

or neonatal jaundice, thrombocytopenia, and possibly other adverse 
reactions which have occurred in the adult. 


NURSING MOTHERS: Thiazides cross the placental barrier and 
appear in cord blood and breast milk. 


PRECAUTIONS: Periodic determination of serum electrolytes to 
detect possible electrolyte imbalance should be performed at 
appropriate intervals. 

All patients receiving thiazide therapy should be observed for 
clinical signs of fluid or electrolyte imbalance; namely, hyponatremia, 
hypochloremic alkalosis, and hypokalemia. Serum and urine electrolyte 
determinations are particularly important when the patient is vomiting 
excessively or receiving parenteral fluids. Medication such as digitalis 
may also influence serum electrolytes. Warning signs, irrespective of 
cause, are: Dryness of mouth, thirst, weakness, lethargy, drowsiness, 
restlessness, muscle pains or cramps, muscular fatigue, hypotension, 
oliguria, tachycardia, and gastrointestinal disturbances such as 
nausea and vomiting. 

Hypokalemia may develop with thiazides as with any other potent 
diuretic, especially with brisk diuresis, when severe cirrhosis is present, 
or during concomitant use of corticosteroids or ACTH. 

Interference with adequate oral electrolyte intake will also contribute 
to hypokalemia. Digitalis therapy may exaggerate metabolic effects 
of hypokalemia especially with reference to myocardial activity. 

Any chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circumstances (as in 
liver disease or renal disease). Dilutional hyponatremia may occur in 
edematous patients in hot weather; appropriate therapy is water 
restriction, rather than administration of salt except in rare instances 
when the hyponatremia is life threatening. 

In actual salt depletion, appropriate replacement is the therapy 
of choice. 

Hyperuricemia may occur or frank gout may be precipitated in 
certain patients receiving thiazide therapy. 

Insulin requirements in diabetic patients may be increased, 
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-decreased, or unchanged. Latent diabetes mellitus may become 


manifest during thiazide administration. 

Thiazide drugs may increase the responsiveness to tubocurarine. 

The antihypertensive effects of the drug may be enhanced in the 
postsympathectomy patient. 

Thiazides may decrease arterial responsiveness to norepinephrine. 
This diminution is not sufficient to preclude effectiveness of the 
pressor agent for therapeutic use. 

If progressive renal impairment becomes evident as indicated by a 
rising nonprotein nitrogen or blood urea nitrogen, a careful 
reappraisal of therapy is necessary with consideration given to 
withholding or discontinuing diuretic therapy. 

Thiazides may decrease serum PBI levels without signs of thyroid 
disturbance. 


ADVERSE REACTIONS: Gastrointestinal system reactions: Anorexia, 
gastric irritation, nausea, vomiting, cramping, diarrhea, constipation, 
Jaundice (intrahepatic cholestatic jaundice), pancreatitis. 

Central nervous sytem reactions: Dizziness, vertigo, paresthesias, 
headache, xanthopsia. 

Hematologic reactions: Leukopenia, agranulocytosis, thrombocytopenia, 
aplastic anemia. 

Dermatologic— hypersensitivity reactions: Purpura, photosensitivity, 
rash, urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculitis). 

Cardiovascular reaction: Orthostatic hypotensior may occur and may 
be aggravated by alcohol, barbiturates, or narcotics. 

Other: Hyperglycemia, glycosuria, hyperuricemia, muscle spasm, 
weakness, restlessness. 

Whenever adverse reactions are moderate or severe, thiazide 
dosage should be reduced or therapy withdrawn. 


For more detailed information, consult your Abbott representative, 

or write: 

Abbott Laboratories, Dept. 321 

North Chicago, IL60064 309462 


“The less often a patient has to mo T 
the more likely he is to be faithful to your regim 


Freis, Edward D., Hypertension 1973, Patie. 





Enduron helps your patient remain faithful to your regimen because it couldn't be 
simpler. Once in the morning provides 24-hour pharmacological action . . 
around the clock management of his hypertension. 


A long-acting, potent diuretic . . . once a day 


5 mg. =a 
methyclothiazide tablets, N.F. 


See opposite page for Brief Summary 309462 





mm 07-1, 12) (e] Mele) 4 


| C { 
pu (LBi : 
Ne Na “J 
. * ; : Ü. U i - "d . 
Diagnosis e RAN Hypertension 
 Bradycardia in Acute Myocardial Infarction 


Measurement ot Coronary Blood Flow 


Contents on Page A-5 


A YORKE MEDICAL JOURNAL 





consider 


Prescribing Information 


WARNING—Lasix® (furosemide) is a potent diuretic which if given in ex- 
cessive amounts can lead to a profound diuresis with water and electro- 
lyte depletion. Therefore, careful medical supervision is’ required, and 
dose and dose schedule have to be adjusted to the individual patient's 
needs. (See under “DOSAGE AND ADMINISTRATION.") 


DESCRIPTION—Lasix is a diuretic, chemically distinct from the organo- 
mercurials, thiazides and other heterocyclic compounds. It is character- 
ized by: 

a high degree of efficacy; 

a rapid onset of action; 

a comparatively short duration of action 

a ratio of minimum to maximum effective dose higher than 1:10; 

the fz that it acts not only at the proximal and distal tubules but also 

at the ascending limb cf Henle’s loop. 

Lasix is an anthranilic acid derivative. Chemically, it is 4-chloro-N-furfuryl- 
5-sulfamoylanthranilic acid. 


INDICATIONS—Lasix is ind cated for the treatment of the edema asso- 
ciated with congestive heart failure, cirrhosis of the liver, and renal dis- 
ease, including the nephrotic syndrome. Lasix is particularly useful when 
an agent with greater diuretic potential than that of those commonly em- 
ployed is desired. 

Hypertension—Lasix Tablets may be used for the treatment of hyper- 
tension alone or in combination with other antihypertensive drugs. Hyper- 
tensive patients who cannot be adequately controlled with thiazides will 
probably also not be adequately controllable with Lasix alone. 


CONTRAINDICATIONS—Because animal reproductive studies have shown 
that Lasix (furosemide) may cause fetal abnormalities, the drug is contra- 
indicated in women of child-bearing potential. 

Lasix is contraindicated in anuria. If increasing azotemia and oliguria 
occur during treatment of severe progressive renal disease, the drug 
should be discontinued. In hepatic coma and in states of electrolyte de- 
pletion, therapy should not be instituted until the basic condition is im- 
proved or correct Lasix is contraindicated in patients with a history of 
hypersensitivity to s compound. 

Until more experience is accumulated in the pediatric use of Lasix, 
children should not be treated with the drug 


WARNINGS-— Excessive diuresis may result in dehydration and reduction 
in blood volume, with circulatory collapse and with the possibility of vas- 
cular thrombosis and embolism, particularly in elderly patients. Excessive 
loss of potassium in patients receiving digitalis glycosides may precipitate 
digitalis toxicity. Care should also be exercised in patients receiving potas- 
sium depleting steroids. 

Frequent serum electrolyte, CO; and BUN determinations should be 
performed during the first few months of therapy and periodically there- 


after, and abnormalities corrected or the drug temporarily withdrawn. 


In patients with hepatic cirrhosis and ascites, initiation of therapy wi 
Lasix (furosemide) is best carried out in the hospital. Sudden alteratio 
of fluid and electrolyte balance in patients with cirrhosis may precipita 
hepatic coma; therefore, strict observation is necessary during the perid 
of diuresis. Supplementa! potassium chloride and, if required, an ald 
Sane antagonist are helpful in preventing hypokalemia and metabol 
alkalosis. 

As with many other drugs, patients should be observed regularly for t 
possible occurrence of blood dyscrasias, liver damage, or other idiosy 
cratic reactions. 

In those instances where potassium supplementation is required, coated 
potassium tablets should be used only when adequate dietary suppleme 
ation is not practical. 

There have been several reports, published and unpublished, concer 
ng nonspecific small-bowel lesions consisting of stenosis, with or witho 
ulceration, associated with the administration of enteric-coated thiazidd 
with potassium salts. These lesions may occur with enteric-coated pota 
sium tablets alone or when they are used with nonenteric-coated thiazide 
or tain other oral diuretics. 

These small-bowel lesions have caused obstruction, hemorrhage, a 

ion. Surgery was frequently required, and deaths have occurred 

ilable information tends to implicate enteric-coated potassium salt 

ugh lesions of this type also occur spontaneously. Therefore, coate 

ium-containing formulations should be administered only when i 

dicated, and should be discontinued immediately if abdominal pain, di 
tention, nausea, vomiting, or gastrointestinal bleeding occurs. 

it aper with known sulfonamide sensitivity may show allergic rea 
tions to Lasix. 


PRECAUTIONS—As with any potent diuretic, electrolyte depletion may oi 
cur during therapy with Lasix, especially in patients receiving highd 
doses and a restricted salt intake. Electrolyte depletion may manifest it 
by weakness, dizziness, lethargy, leg cramps, anorexia, vomiting, and/d 
mental confusion. 

In edematous hypertensive patients being treated with antihypertensi 
agents, care should be taken to reduce the dose of these drugs when Las 
is administered, since Lasix potentiates the hypotensive effect of ant 
hypertensive medications. 

Asymptomatic hyperuricemia can occur and gout may rarely be precip 
ated. Reversible elevations of BUN may be seen. These have been of 
served in association with dehydration, which should be avoided, pa 
ticularly in patients with renal insufficiency. 

When parenteral use of Lasix precedes its oral use, it should be keg 
in mind that cases of reversible deafness and tinnitus following the injed 
tion of Lasix have been reported. These adverse reactions occurred whel 
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Lasix (furosemide) was injected at doses exceeding several times the 
usual therapeutic dose of 1 to 2 ampuls (20 to 40 mg). 

Periodic checks on urine and blood glucose should be made in diabetics 
and even those suspected of latent diabetes when receiving Lasix. In- 
creases in blood glucose, and alterations in glucose tolerance tests with 
abnormalities of the fasting and two-hour post-prandial sugar have been 
observed, and rare cases of precipitation of diabetes mellitus have been 
reported. 

Lasix may lower serum calcium levels, and rare cases of tetany have 
been reported. Accordingly, periodic serum calcium levels should be 
obtained. 

Patients receiving high doses of salicylates, as in rheumatic diseases, 
in conjunction with Lasix may experience salicylate toxicity at lower 
doses because of competitive renal excretory sites. It has been reported in 
the literature that diuretics such as furosemide may enhance the nephro- 
toxicity of cephaloridine. Therefore, Lasix and cephaloridine should not 
be administered simultaneously. 

Sulfonamide diuretics have been reported to decrease arterial respon- 
siveness to pressor amines and to enhance the effect of tubocurarine. 
Great caution should be exercised in administering curare or its deriva- 
tives to patients undergoing therapy with Lasix, and it is advisable to dis- 
continue Lasix for one week prior to any elective surgery. 


ADVERSE REACTIONS—Various forms of dermatitis, including urticaria 
and rare cases of exfoliative dermatitis, erythema multiforme, pruritus, 
paresthesia, blurring of vision, postural hypotension, nausea, vomiting, or 
diarrhea, may occur. 

Anemia, leukopenia, aplastic anemia, and thrombocytopenia (with pur- 
pura) may occur. Rare cases of agranulocytosis have occurred which re- 
sponded to treatment. 

In addition, the following rare adverse reactions have been reported; 
however, relationship to the drug has not been established with certainty: 
sweet taste, oral and gastric burning, paradoxical swelling, headache, 
jaundice, thrombophlebitis and emboli (see "WARNINGS"), and acute 
pancreatitis. 

Lasix induced diuresis may be accompanied by weakness, fatigue, light- 
headedness or dizziness, muscle cramps, thirst, increased perspiration, 
urinary bladder spasm and symptoms of urinary frequency. 

As far as hyperglycemia is concerned, see ‘‘PRECAUTIONS.” 


DOSAGE AND ADMINISTRATION—The usual dose of Lasix is 1 to 2 tablets 
(40 to 80 mg) given as a single dose, preferably iggise morning. Ordinarily, 
a prompt diuresis ensues. Depending on the pat 's response, a second 
dose can be administered 6 to 8 hours later. This dosage and dosage 


to maximal doses of thiazides, the following schedule should be used: 
Increase this dose by increments of 1 tablet (40 mg) not sooner than 6 to 
8 hours after the previous dose until the desired diuretic effect has been 
obtained. This individually determined single dose should then be given 
once or twice daily (e.g., at 8:00 a.m. and 2:00 p.m.). The dose of Lasix 
(furosemide) may be carefully titrated up to 600 mg per day in those pa- 
tients with severe clinical edematous states. Higher doses are currently 
under investigation. 

The mobilization of edema may be most efficiently and safely accom- 
plished by utilizing an intermittent dosage schedule in which the diuretic 
is given for 2 to 4 consecutive days each week. With doses exceeding 80 
mg/day and given for prolonged periods, careful clinical and laboratory 
observations are particularly advisable. 

Hypertension—The usual dose of Lasix is one tablet (40 mg) twice daily 
both for initiation of therapy and for maintenance. Careful observations 
for changes in blood pressure must be made when this compound is used 
with other antihypertensive drugs, especially during initial therapy. The 
dosage of other agents must be reduced by at least 50 percent as soon as 
Lasix is added to the regimen to prevent excessive drop in blood pressure. 
As the blood pressure falls under the potentiating effect of Lasix, a further 
reduction in dosage, or even discontinuation, of other antihypertensive 
drugs may be necessary. It is further recommendec, if one tablet (40 mg) 
twice daily does not lead to a clinically satisfactory response, to add other 
hypotensive agents, e.g., reserpine, rather than to increase the dose of Lasix. 

Until more experience is accumulated in the pediatric use of Lasix, 
children should not be treated with the drug. 


HOW SUPPLIED—Lasix (furosemide) Tablets are supplied as white, mono- 
grammed, scored tablets of 40 mg in amber bottles of 100 (FSN 6505-062- 
3336), 500, and Unit Dose 100's (20 strips of 5) (FSN 6505-117-5982). 
Note: Dispense in dark containers. Exposure to light may cause slight dis- 
coloration which, however, does not alter potency. PRINTED IN U.S.A. 3-73 


Start with-, : 
and stay with Lasix®(FurosemiDE) 





indicated for all types and degrees of 
moderate to severe pain with dosage that you can 
increase from 30 mg. to 45 mg. or 60 mg. 
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Incidence of 
No. excellent 
Type patients to good 
of pain Dosage studied analgesia Adverse Reactions 
30 "As the study progressed, the dos- 
t- 79.39 à 
da : mg. 29 9.3% age was increased to 45 and 60 mg. 
perative : F 
paint* 45 mg. 70 83.095 to determine whether higher doses 


would produce greater analgesia with- 
60 mg. 101 94.095 out an increase in adverse effects."! 
"Only a few minor side effects were 
observed."! 


"At the start of the study, adult 
us O, ’ 
post 30 mg. 68 94.0% patients were given 30 mg. doses. It 


ime. or was found, however, that a 60 mg. 
p 60 mg. dose gave better analgesia with no 
noticeable difference in tolerance."? 


*Study based on response to a single dose. 
tStudy based on multiple doses, according to patient need. 

References: 1. Finestone, S. C. and Katz, J.: Pentazocine as a postoperative analgesic, 
Anesth. Analg. 45:312, May-June 1966. 2. Snow, E. W.: Pentazocine—clinical evalua- 
tion, Abdom. Surg. 9:150, May 1967. 

Provides relief comparable to that of morphine and meperidine, but 
with fewer significant adverse effects: 

e Compared to morphine, Talwin causes less severe respiratory 
depression, hypotension, urinary retention, constipation. 

e Compared to meperidine, Talwin is less likely to cause nausea, 
vomiting, diaphoresis. 

e Not subject to narcotic controls. 


ttSee next page for a complete discussion of Warnings, Precautions, Adverse Reactions, 
and other Prescribing Information. 
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Talwin® 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 


Ampuls: 30 mg. (1 mi.),45 mg. 
(172 ml.), and 60 mg. (2 ml.) 
Vials: (10 ml.) 30 mg./mi. 


30 mg. for I.V., I.M., or S.C. use 
45 mg. tor I.M. or S.C. use 
60 mg. tor I.M. or S.C. use 





Indications: For the relief of moderate to se- 
vere pain. Talwin may also be used for pre- 
operative or preanesthetic medication and as a 
supplement to surgical anesthesia. 
Contraindication: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care 
should be exercised in prescribing pentazocine 
for emotionaily unstabie patients and for those 
with a history of drug misuse. Such patients 
should be closely supervised when long-term 
therapy is contemplated. There have been in- 
stances of psychological and physical depend- 
ence on Talwin in patients with such a history 
and, rarely, in patients without such a history. 
Abrupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, discon- 
tinuance has been accomplished with minimal 
difficulty. In the rare patient in whom more 
than minor difficulty has been encountered, re- 
institution of parenteral Talwin with gradual 
withdrawal has ameliorated the patient's symp- 
toms. Substituting methadone or other nar- 
cotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 

In prescribing parenteral Talwin for chronic 
use, particularly if the drug is to be self-admin- 
istered, the physician should take precautions 
to avoid increases in dose and frequency of in- 
jection by the patient and to prevent the use of 
the drug in anticipation of pain rather than for 
the relief of pain. 

Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Head Injury and Increased Intracranial Pres- 
sure. The respiratory depressant effects of 
Talwin and its potential for elevating cerebro- 
spinal fluid pressure may be markedly exag- 
gerated in the presence of head injury, other 
intracranial lesions, or a preexisting increase 
in intracranial pressure. Furthermore, Talwin 
can produce effects which may obscure the 
clinical course of patients with head injuries. 
In such patients, Talwin must be used with ex- 
treme caution and only if its use is deemed 
essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been es- 
tablished. Animal reproduction studies have 
not demonstrated teratogenic or embryotoxic 
effects. However, Talwin should be adminis- 
tered to pregnant patients (other than labor) 
only when, in the judgment of the physician, 
the potential benefits outweigh the possible 
hazards. Patients receiving Talwin during labor 
have experienced no adverse effects other than 
those that occur with commonly used analge- 
sics. Talwin should be used with caution in 
women delivering premature infants. 

Acute CNS Manifestations. Patients receiving 


of moderate to severe intensity 


therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually vis- 
ual), disorientation, and confusion which have 
cleared spontaneously within a period of hours. 
The mechanism of this reaction is not known. 
Such patients should be very closely observed 
and vital signs checked. If the drug is reinsti- 
tuted it should be done with caution since the 
acute CNS manifestations may recur. 

Usage in Children. Because clinical experience 
in children under twelve years of age is lim- 
ited, the use of Talwin in this age group is not 
recommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, am- 
bulatory patients should be warned not to op- 
erate machinery, drive cars, or unnecessarily 
expose themselves to hazards. 

Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respira- 
tory depression should be considered in treat- 
ment of patients with bronchial asthma. Talwin 
should be administered only with caution and 
in low dosage to patients with respiratory de- 
pression (e.g., from other medication, uremia, 
or severe infection), obstructive respiratory 
conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impair- 
ment, the drug should be administered with 
caution to patients with such impairment. Ex- 
tensive liver disease appears to predispose to 
greater side effects (e.g., marked apprehen- 
sion, anxiety, dizziness, sleepiness) from the 
usual clinical dose, and may be the result of 
decreased metabolism of the drug by the liver. 
Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial infarction who have nausea or 
vomiting. 

Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of the 
biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the 
daily treatment of narcotic dependence, have 
experienced mild withdrawal symptoms after 
receiving Talwin. 

CNS Effect. Caution should be used when 
Talwin is administered to patients prone tc 
seizures; seizures have occurred in a few such 
patients in association with the use of Talwin 
although no cause and effect relationship has 
been established. 

Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or light- 
headedness, vomiting, euphoria. 

Infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic including 
local: diaphoresis, sting on injection, flushed 
skin including plethora, dermatitis including 
pruritus; other: urinary retention, headache, 
paresthesia, alterations in rate or strength of 
uterine contractions during labor. 

Rarely reported reactions include—neuromus- 
cular and psychiatric: muscle tremor, insomnia, 


bulwark 
against pain 





* 
disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 
mic: blurred vision, nystagmus, diplopia, mio- 
sis; other: tachycardia, soft tissue induration, 
nodules, cutaneous depression, and ulceration 
(sloughing) at,the injection site, weakness or 
faintness, chills, moderate transient eosino- 
philia, allergic reactions including edema of 


the face. 
See Acute CNS Manifestations and Drug De- 


pendence under WARNINGS. 

Dosage and Administration: Adu/ts, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, 
subcutaneous, or intravenous route. This may 
be repeated every 3 to 4 hours. Doses in ex- 
cess of 30 mg. intravenously or 60 mg. intra- 
muscularly or subcutaneously are not recom- 
mended. Total daily dosage should not exceed 
380 mg. As with most parenteral drugs, when 
frequent daily injections are needed over a 
prolonged period, intramuscular administration 
is preferable to subcutaneous. In addition, con- 
stant rotation of injection sites (e.g., the upper 
outer quadrants of the buttocks, mid-lateral 
aspects of the thighs, and the deltoid areas) is 
recommended. 

Patients in Labor. A single, intramuscular 30 
mg. dose has been most commonly adminis- 
tered. An intravenous 20 mg. dose has given 
adequate pain relief to some patients in labor 
when contractions become regular, and this 
dose may be given two or three times at two- 
to three-hour intervals, as needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of 
age is limited, the use of Talwin in this age 
group is not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. 

Overdosage: Manifestations. Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures 
should be employed as indicated. Assisted or 
controlled ventilation should also be consid- 
ered. Although nalorphine and levallorphan are 
not effective antidotes for respiratory depres- 
sion due to overdosage or unusual sensitivity 
to Talwin, parenteral naloxone (Narcan®, avail- 
able through Endo Laboratories) is a specific 
and effective antagonist. 

Talwin is not subject to narcotic controls. 

How Supplied: Ampuls of 1 ml. (30 mg.), 
1% ml. (45 mg.), and 2 ml. (60 mg.) in boxes 
of 25. Each 1 ml. contains Talwin (brand of 
pentazocine) as lactate equivalent to 30 mg. 
base and 2.8 mg. sodium chloride, in water for 
injection. 

Multiple dose vials of 10 ml., each 1 ml. con- 
taining Talwin (brand of pentazocine) as lac- 
tate equivalent to 30 mg. base, 2 mg. acetone 
sodium bisulfite, 1.5 mg. sodium chloride, and 
1 mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 
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combination for interim intensive care or graded 
stress-testing. 
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CLINICAL STUDIES 


607  Bradycardia and Its Complications in the Prehospital Phase of Acute Myocardial Infarction 


LEONARD E. GRAUER, BARTON J. GERSHEN, MICHAEL M. ORLANDO and 
STEPHEN E. EPSTEIN 


Currently available evidence regarding the lethal potential of bradycardia and the net therapeutic potential 
of atropine during the prehospital phase of acute myocardial infarction must be viewed skeptically. This 
study of 84 patients with acute myocardial infarction transported by the mobile coronary care unit of 
Montgomery County, Maryland, demonstrated a 24 percent incidence of bradycardia and a 12 percent 
incidence of hypotension. Hypotension was not uncommon in the patients with bradycardia. 


612 Platelet Abnormalities in Ischemic Heart Disease 
NATHAN SALKY and MARION DUGDALE 


Tests to detect hyperactivity of platelet coagulation and hypoactivity of the fibrinolytic system in 47 pa- 
tients with well documented ischemic heart disease showed about 10 percent had chronic abnormal 
platelet function, best detected by the platelet aggregation response to dilutions of collagen and by 
platelet survival studies. This condition may be a primary abnormality in patients with ischemic heart 
disease whose arteriograms show no advanced coronary atherosclerotic obstructive lesions. 


618  Dissimilar Atrial Rhythms in Man and Dog 
DOUGLAS P. ZIPES and ROBERT L. DEJOSEPH 


Simultaneous intracavitary right atrial and esophageal recordings demonstrated fibrillation in one atrium 
and slower, more regular activity in the other atrium of eight patients and no recordable activity in one 
atrium and a tachyarrhythmia in the other atrium of another two patients with dissimilar atrial rhythms. 
Similar studies of experimentally produced dissimilar atrial rhythms in dogs show that during some forms 
of atrial fibrillation more uniform depolarization may occur in one atrium or portion of one atrium, causing 
a slower and more regular rhythm than the one in the contralateral fibrillating atrium. 


629 Effect of Isoproterenol on Atrioventricular and Intraventricular Conduction 


RAMESH C. DHINGRA, EDWARD WINSLOW, J. MAURICE POUGET, 
SHAHBUDIN G. RAHIMTOOLA and KENNETH M. ROSEN 


His bundle electrograms in 42 patients with heart disease showed that administration of isoproterenol may 
facilitate normal and depressed conduction in the atrioventricular (A-V) node and His-Purkinje system, 
leading to partial or total reversal of second or third degree A-V block proximal to, in and distal to the His 


bundle. 
Continued on page A-13 
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To convert to normal sinus rhythm, 
and maintain...and maintain... and maintain... 


CARDIOQUIN ta. ! 


(quinidine polygal 
Low B.I.D. or T.I.D. dosage in most cases 
Greater G.I. tolerance 
Full quinidine cardiodynamics 


*From case records on file with the Medical Department, The Purdue Frederick Company. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine polygalacturonate) are indicated in the treatment of: premature 
atrial and ventricular contractions; paroxysmal atrial tachycardia; paroxysmal AV junctional rhythm; atrial flutter; paroxysmal atrial 
fibrillation; established atrial fibrillation when therapy is appropriate; paroxysmal ventricular tachycardia when not associated with 
complete heartblock; main:enance therapy after electrical conversion of atrial fibrillation and/or flutter. CONTRAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to escape mechanisms should not be treated with quinidine. WARNING: In the 
treatment of atrial flutter reversion to sinus rhythm may be preceded by a progressive reduction in the degree of AV block to a 
1:1 ratio and resulting extremely rapid ventricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine polygalacturonate 
275 mg.) is equivalent in quinidine content to 3 grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage must be 
adjusted to individual neecs, both for conversion and maintenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm is not restored after 3 or 4 equal doses, the dose may be 
increased by Ye to 1 tablet (137.5 to 275 mg.) and administered three to four times before any further dosage increase. For mainte- 
nance, one tablet may be used two to three times a day; generally one tablet morning and night will be adequate. SUPPLIED:. 
Uncoated, scored tablets in bcttles of 50. 
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637 Relation of Age, Diastolic Pressure and Known Duration of Hypertension to Presence of 
Low Renin Essential Hypertension 


MICHAEL L. TUCK, GORDON H. WILLIAMS, JOHN P. CAIN, JAY M. SULLIVAN and 
ROBERT G. DLUHY 


Plasma renin activity was subnormal in 22 percent and greater than normal in 4 percent of 100 patients 
with essential hypertension. The subnormal renin response correlated significantly and positively with age 
and level of diastolic blood pressure but not with known duration of hypertension. It appears that a low 
renin activity level may evolve with time in patients with essential hypertension. 


643 Renin and Sympathetic Nervous System Responsiveness to Adrenergic Stimuli in Essential 
Hypertension 


MURRAY D. ESLER and PAUL J. NESTEL 


Plasma renin activity and urinary noradrenaline excretion increased significantly with tilting in patients 
with essential hypertension and in subjects with normal blood pressure. Hypoglycemia and mental stress 
showed significant increments only in urinary adrenaline excretion, suggesting that adrenaline-provoking 
stimuli do not substantially increase plasma renin activity in man. 


650 Clinical Implications of Pulmonary Hypertension in Mitral Stenosis 
ABE WALSTON, ROBERT H. PETER, JAMES J. MORRIS, YIHONG KONG and VICTOR S. BEHAR 


Data in 200 patients with pure mitral stenosis and in a heterogenous group of 313 patients with other 
types of heart disease lead to the conclusion that pulmonary arterial pressure markedly in excess of left 
atrial pressure is common in mitral stenosis and implies pulmonary thromboembolism or severe lung 
disease. 


EXPERIMENTAL STUDIES 


656  Sequenced External Counterpulsation and Intraaortic Balloon Pumping in Cardiogenic Shock 


LAWRENCE S. COHEN, CHARLES B. MULLINS, JERE H. MITCHELL, with the technical 
assistance of HAROLD D. ALSOBROOK 


Sequential external counterpulsation increased cardiac output 25 percent in normal baboons, 17 percent 
in baboons with cardiogenic shock and 11 percent in normal human volunteers. In contrast, intraaortic 
balloon pumping increased cardiac output by 4 percent in normal animals and 9 percent in animals with 
cardiogenic shock. 


662 Influence of Changes in Myocardial Contractility on the Height and Slope of the Calibrated 
Apex Cardiogram 


BOUDEWIJN DENEF, HILAIRE DE GEEST and HUGO KESTELOOT 


This study of the influence of changes in myocardial contractility of the height and slope of the calibrated 
left apex cardiogram concludes that in the dog, the quantitative left apex cardiogram and its first derivative 
correlate significantly with the contractile state of the heart. 


Continued on page A-15 
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Holter DCG Monitoring Case History No.21 








tS 


A 50-year-old male patient, had a history of AV junction ing. The second strip shows intermittent pacing with normal 
arrhythmia, atrial arrhythmia, and a "sick sinus syndrome". pacemaker function. A complete analysis of the ten-hour 
A demand pacemaker was implanted. His physician ordered DCG recording revealed a marked decrease in pacing re- 
a continuous 10-hour Holter DCG recording to evaluate the quirements when the patient was standing, walking, and 
pacemaker function. moving about, and bradyarrhythmia primarily when the pa- 


: : : tient was recumbent or sleeping. 
Compare the first strip, recorded while the patient was oss 


standing, with the second strip while the patient was sleep- 
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DYNAMIC ELECTROCARDIOGRAPHY (DCG) 
WITH THE AVIONICS-HOLTER SYSTEM 





24-hour ECG 24-minute scan 
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[] Please send me the literature. | would like to know more about Holter monitoring and 
the Avionics Dynamic Electrocardiographic Systems. 





[] Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 
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670 Effect of Acute Anemia on Experimental Myocardial Ischemia 


HIDEYASU YOSHIKAWA, W. JOHN POWELL, Jr., JOHN H. L. BLAND and 
EDWARD LOWENSTEIN . 


This study of the effect of hemodilution on the ischemic myocardium in dogs reveals that profound 
anemia does not increase the severity of myocardial ischemia probably because of the increased 
collateral flow to the ischemic myocardium secondary to decreased viscosity. 


METHODS 


679 Measurement of Left Anterior Descending Coronary Arterial Blood Flow. Technique, Methods of 
Blood Flow Analysis and Correlation with Angiography 


LEONARD SCHWARTZ, GORDON FROGGATT, H. DOMINIC COVVEY, KENNETH TAYLOR and 
JOHN E. MORCH 


No correlation was found in 34 patients studied at rest between the degree of narrowing of the left 
anterior descending coronary artery and blood flow in the vessel as estimated by the 133xenon bolus 
technique. 


686  Pacing-Induced Changes in Cardiac Venous Blood Flow in Normal Subjects and Patients with 
Coronary Artery Disease 


CATHEL A. MACLEOD, ROBERT A. BAHLER and BERIAN DAVIES 


Using a thermodilution technique to quantitate rapidly coronary venous outflow from the myocardium, these 
investigators found greater limitations in ability to increase great cardiac venous blood flow in patients 
with severe extensive coronary artery disease. Patients able to perform greater exercise loads increased 
their great cardiac venous blood flow during atrial pacing more than patients with reduced exercise 
capacity. 


REPORTS ON THERAPY 


693  Aneurysmectomy in Treatment of Ventricular and Supraventricular Tachyarrhythmias in Patients 
with Postinfarction and Traumatic Ventricular Aneurysms 


LOTFY L. BASTA, AKIRA TAKESHITA, ERNEST O. THEILEN and JOHANN L. EHRENHAFT 


Six of eight patients with serious paroxysmal tachyarrhythmia associated with left ventricular aneurysm 
had their aneurysms resected. Four survivors have had no arrhythmias during a 7 to 25 month follow-up 
period. The two patients who died had three vessel coronary artery disease and severe impairment of 
myocardial contractility. 


700 Rapid Atrial Stimulation: Successful Method of Conversion of Atrial Flutter and Atrial 
Tachycardia 


DAVID E. PITTMAN, JASBIR S. MAKAR, KIAN S. KOOROS and CLAUDE R. JOYNER 


Rapid atrial stimulation converted atrial tachyarrhythmias in 29 of 32 patients to sinus rhythm or resultant 
atrial fibrillation, thereby reaffirming the value of this technique as a safe, reliable method for terminating 
atrial flutter and atrial tachycardia. Eight patients needed between 500 to 800 stimuli/min to end atrial 
flutter, and a significant number required a maximal output of 25 ma. 

Continued on page A-17 
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Elderly... doesn't get out much any- 
more...whole world slowed down 


constipation: 


Poor eating habits... 
constipating drugs...inactive, frequently 
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.. Sluggish, atonic bowel. 
Result—in many oldsters—constipation 


laxation: 


Gentle, predictable and easy-to-take 
SENOKOT Tablets or Granules. Taken at 


bedtime, they usually induce comfort- 
able evacuation in the morning. 

Leave your older patient feeling more 
like getting up and around. 

Supplied: SENOKOT Tablets (small, 
easy-to-swallow)—Bottles of 50 and 100. 
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REVIEWS 


Differential Renal Venous Renin Activity in Diagnosis of Renovascular Hypertension 


RAFIQ A. HUSSAIN, RAY W. GIFFORD, Jr., BRUCE H. STEWART, THOMAS F. MEANEY, 
LAWRENCE J. McCORMACK, DONALD G. VIDT and DAVID C. HUMPHREY 


Analysis of renal venous renin activity was performed preoperatively in 29 patients with unilateral renal 
artery disease. The data indicated that a value for renin activity (stenotic side) greater or less than 4 ng/ml 
per 4 hours or a renin activity ratio stenotic /nonstenotic greater or less than 1.5 yielded a correct pre- 
diction of surgical results in 79 and 72 percent of cases, respectively. 


HISTORICAL MILESTONES 


Fiedler on Acute Interstitial Myocarditis (1899)—1l 


SAUL JARCHO 


Fiedler's classic essay is an excellent example of the application of anatomic and clinical observations to 
solve the problem of acute interstitial myocarditis. He demonstrates that this condition is an infection 
unrelated to the common communicable diseases.or to rheumatic fever. 


CASE REPORTS 


Idiopathic Hypertrophic Subaortic Stenosis and Heart Block. Cycle-To-Cycle Variation as a 
Function of Alterations in Preload and Afterload 


HARVEY J. MATLOF, JULIAN C. ZENER and DONALD C. HARRISON 


Comparison of cardiac hemodynamics in two patients with idiopathic hypertrophic subaortic stenosis and 
heart block demonstrates that decreased afterload is a more important variable affecting outflow tract 
gradient than the augmentation of preload by atrial systole. 


Traumatic Tricuspid Insufficiency 


ROBERT F. MARVIN, JOEL P. SCHRANK and STANTON P. NOLAN 


A 40 year old man ruptured the chordae tendinae to his tricuspid valve in an automobile accident 17 years 
before his incapacitating signs and symptoms required replacement of the valve with a no. 9 Kay-Shiley 
valvular prosthesis. The postoperative course was uneventful and 18 months later the patient was 
asymptomatic and working. Data from this case and 26 previously reported cases are summarized in this 
report. 


Survival After Massive Procainamide Ingestion 


LUIS VILLALBA-PIMENTEL, LAWRENCE M. EPSTEIN, EDWARD M. SELLERS, JAMES R. FOSTER, 
LYNN J. BENNION, LEE M. NADLER, EDWARD W. BOUGH and JAN KOCH-WESER 


A 79 year old man survived a plasma procainamide concentration of 77 mg/liter after ingestion of 196 g 
of the drug in a suicide attempt. Biotransformation was most important in eliminating the drug. 


EDITORIALS 


Should the Transvalvular Gradient in Aortic Stenosis Be Measured? 


HOWARD L. MOSCOVITZ and IRA J. GELB 


Continued on page A-19 
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Now! A complete Exercise Stress Test 
Heart Monitoring System totally engineered, 
manufactured, marketed, and serviced 
by Avionics. 





BASIC SYSTEM COMPONENTS MODULES AND CAPABILITIES 


* Stress Test Heart Monitor * ST-Segment Computer 

* Treadmill * Digital Heart Rete Meter 

* Telemetry * Automatic Paperwriter Programmer 
* Automatic Blood Pressurometer * 12-lead ECG Cepability 

* Respiratory Gas Analyzer * ST & H/R Trend Recording 


For more information on the most complete exercise stress-test heart-monitoring system available — comprised only of integrally 
designed and clinically-proven components — return this coupon today. 


L]. Please send me your Exercise Stress Test Heart Monitoring brochure. | would like to 
know more about this new system. 


O Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 


Name and Title 


A Ce Organization 


Address 














City State Zip 


AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 





Fr 
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Address to the Sixth European Congress of Cardiology. Madrid, September 23-30, 1972 
PAVEL LUKL 


SPECIAL DEPARTMENTS 
Letters to the Editor 


Postoperative Ventricular Septal Defect— T. O. Cheng 
Atrial Pacing to Convert Atrial Flutter—T. A. Preston 


Reviews in Cardiology 
Book Reviews 


American College of Cardiology News 
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«resting ECG «ambulatory patient monitor «stress test monitor 


FLEXIBILITY 

Medcraft’s new CDC Series 70 
System is a complete Cardiac 
Diagnostic Center that can monitor 
and evaluate the resting/continuous 
ECG, the stress/exercise ECG or 
the ambulatory ECG. 


SELECTIVE ECG 

Using convenient cassettes, the 
physician can pre-select specific 
time periods for monitoring the 
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ambulatory patient. These periods 
could be isolated segments within a 
24-hour period; a full 24-hour 
period; several days, weeks or 
months. Selected periods can be 
reviewed easily and quickly. 
ECONOMY AND CONTROL 

The patient can return cassettes 
in-person, or by mail, if necessary, 
for review. The CDC reproduce unit 





gives a fast review of all recorded 
information; 8 hours can be 
reviewed in 15 minutes. Pre-set 
limits, when exceeded, indicate 
portions of interest for real-time 
scan and tape print-out. 


MINIMUM PERSONNEL 

The CDC Series 70 System is 
compact, easy to use and 
understand, and can be operated in 
most cases with existing personnel. 
The reproduce unit is completely 


A flexible, Ka eye 
method of monitoring cardiac 
abnormalities using Medcraft’s 
new CDC 70 System. 





MEDCRAFT, Systems 2 Division 
Box 542 Skippack, Pennsylvania 19474 
(215) 584-6825 





self-contained and has memory 
scope, rate module, 5-lead 
switchable ECG, telemetry panel, 
fast-scan, ECG tracing, voice 
commentary channel, and system- 
test functions. When used in 
conjunction with Medcraft's 
portable ECG recorder, it gives the 
practicing physician an economical, 
flexible, simply controlled method of 
monitoring cardiac abnormalities. 





[] Send brochure 





Address. —— — 
City —— — — ——————State 
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The Third 
Step in 
Angina: 


After the classic 
“2-Step” Test aids 
in a diagnosis of 
angina, sustained- 
release Nitro-Bid* 
(nitroglycerin) is a 
logical third step. 
Here's why. 

In angina secondary to 


arteriosclerotic heart 
disease, sustained-release 


Another patient benefit product from 






Nitro-Bid" (nitroglycerin) 
therapy assists in the 
"total management" 

of your patient. 


Nitro-Bid capsules reduce 
sublingual nitroglycerin 
requirements as they reduce 
the number of angina 
attacks... increase exercise 
tolerance. 


Sustained-release 
Nitro-Bid Plateau CAPS* 
provide a 

metered sequence of 
medication during the 
night to protect against 
nocturnal angina attack. 


In titrating dosage, 
availability of 
different strengths 
" ..1S quite an 
asset..." 

Nitro-Bid 2.5 and 

Nitro-Bid 6.5 capsules 
afford two dosage 
strengths for convenience 
in increasing or decreasing 


dose to accommodate 
patient symptoms. 





IM 




















NITRO- BID 2. 5 


(nitroglycerin 2.5 mg) 
Plateau CAPS* 


NITRO-BID 6.5 


(nitroglycerin 6.5 mg) 
Plateau CAPS? 


INDICATIONS 
Based on a review of this drug by 
the National Academy of Sciences— 
National Research Council and/or 
other information, FDA has classified 
the indications as follows: 
* "Possibly" effective: 
For the management, prophylaxis 
or treatment of anginal attacks 
Final classification of the less-than- 
effective indications requires further 
investigation. 














Contraindications: Recent myocardial 
infarction, severe anemia, glaucoma, 
increased intracranial pressure, 
idiosyncrasy. 

Precautions: For ORAL, not sublingual, 
use. If blurring of vision or dryness of 
mouth occurs, discontinue drug 
Tolerance may develop on long-term 
usage. 

Adverse Reactions: Occasional tran- 
sient headaches. Overdose may cause 
flushing, headaches, tachycardia, 
dizziness. 

Dosage: One capsule two or three 
times daily at 8 to 12 hour intervals. 
Reference: 1. Master, AM: The 
management of angina pectoris. Modern 
Medicine 38:92-100 (Feb 23) 1970 


PHARMACEUTICAL DIVISION 


MARIO 


Peon en Ee INC 


N 


is your 
electrocardiograph 
schizophrenic? 


..it is if the paper used 
does not have the same name as the recorder. 


When an instrument maker designs a recorder, he designs the chart as well, 
to assure top performance for his instrument. 


To maintain top performance, buy your charts from him—it’s worth the 
difference. 


This message was prepared in the interest of better recording instrument 
performance by... 


a, N A S laa. UJ A The Instrument Manufacturers’ Chartmaker 


CR AGO RAT 1:69 N 





100 East Kinney St. - Newark, N.J. 07105 - (201) 589-5970 
GUBELMAN CHART DIVISION 3037 East Maria St. - Compton Calif. 90220 . (213) 537-4250 
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Second of The Life Serics/Medical Incorporated 


R *..Is but a day; 
Dil e A fragile dewdrop on its perilous way 
From a tree's summit." 


John Keats 


The Lillehei-Kaster Pivoting 
Disc Prosthetic Heart Valve — 
designed to meet the require- 
ments of hemodynamic effi- 
ciency with minimal gradients 
and regurgitant flows at phys- 
iologic outputs! — in human 
clinical application for over 
three years. 

The Pivoting Disc Prosthesis 
presents these outstanding 
features: 


Increased Effective Flow 
largest effective orifice 
highest cardiac output 

lower pressure gradients 
minimal regurgitation 
controlled marginal back-flow 
Minimal Flow Obstruction 

low incidence of hemolysis 
optimized central laminar flow 
negligible flow stasis 
spontaneous disc response 


Blood Compatible Materials 
free-floating Pyrolite’ disc 
low profile titanium housing 

Our technical specialists will 

be pleased to demonstrate the 

Pivoting Disc Prosthesis and 

discuss clinical and laboratory 

findings. 


— M 
cT | 
MEDICAL INCORPORATED - 5200 WEST 78th STREET. MINNEAPOLIS. MINNESOTA 55435 - TELEPHONE 612/929-3331 
A 


1. Lillehei, C.W., et al. “Heart Valve Replacement with the Lillehei-Kaster Pivoting Disc- Prosthesis," Presented 
at the Southem African Cardiac Society 8th Biennial Cardiac Congress, July 1972, Durban. South Africa 
® Pyrolite is the registered trademark of Gulf Energy and Environmental Systems. Inc 
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When the heart is under catecholamine siege 


INDERAL propranolol hydrochloride - 


The beta-adrenergic blocking agent 
for many cardiac arrhythmias 


— 
-—— 
- 
- 


at" 


Artist's conception of 
INDERAL (propranolcl 
hydrochloride) blockade 
against undesirable catechol- 
amine stimulation. INDERAL 
molecules (red) compete specifically 
with catecholamine molecules (green) 
for available beta-receptor sites in cardiac 

tissue. With fewer catecholamine molecules gain- 

ing access to these sites, beta-adrenergic stimulation is reduced 
proportionately. 


enm an em 
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As the first beta-adrenergic blocking 
agent in clinical cardiologic use, 
INDERAL (propranolol hydrochlo- 
ride) helps prevent or control catecho- 
lamine-induced supraventricular 
cardiac arrhythmias by means of a 
unique mechanism of action. 

Excitatory adrenergic activity from 
sympathetic nerve endings and the 
adrenal medulla is mediated in myo- 
cardial and pacemaker tissue via beta 
receptors. Through blockade of unde- 
sirable catecholamine stimulation at 
these sites, INDERAL decreases im- 
pulse formation and conduction, and 
thus the rate and force of myocardial 
contraction. The clinical benefit is 
generally a reduction of supraventricu- 
lar rate, a slowing of ventricular re- 
sponse, and restoration to sinus rhythm 
in many cases. In responsive patients, a 
subsequent maintenance regimen of 10 
to 30 mg. INDERAL three or four 
times daily can prevent recurrence or 
reduce the frequency and severity of 
paroxysmal attacks. 

With its unique site of action, 
INDERAL does not interfere with the 
therapeutic actions of nonadrenergic 
cardiotonic agents. Thus INDERAL 
can be used in combination—or alone— 
to control arrhythmias when other 
drugs have failed to produce a satis- 
factory response. 

INDERAL is especially effective in 
the management of catecholamine- 
induced supraventricular arrhythmias. 
The response of ventricular arrhyth- 
mias is generally less predictable. 
INDERAL has proved to be of particu- 
lar value in the control of digitalis- 
induced arrhythmias. 


Proved effective over 6 years'clinical use 


paroxysmal atrial tachycardia + 


Propranolol hydrochloride may be useful in preventing 
recurrent attacks of paroxysmal atrial tachycardia 
“including attacks which may be a part of the Wolff- 
Parkinson-White syndrome." 


sinus tachycardia? 


Sonnenblick “would use propranolol hydrochloride in 
treating a rapid sinus tachycardia which is poorly toler- 
ated by the circulation—if the tachycardia were not due 
to some underlying process such as occult blood loss.’’ 


atrial flutter ^95: 


(ate TT T 


“In the presence of atrial flutter, ventricular rate is often 
difficult to control, and, as with an atrial fibrillation, 
propranolol hydrochloride should be added when the 
flutter is not being controlled by digitalis, especially in 
the presence of mitral valve disease.’ 


atrial fibrillation !? 


7983, 09 erent MNT US ONES UON URN 


“Propranolol is perhaps most predictably effective in 
the treatment of patients with atrial fibrillation. It re- 
duces the ventricular rate by prolonging the functional 
refractory period of the atrioventricular node. This oc- 
curs whether or not the patient is receiving digitalis."? 


arrhythmias of digitalis intoxication !5:5 


“Propranolol has been especially useful in treating pa- 
tients with arrhythmias in the presence of established 
or suspected digitalis toxicity. All too common is the 
clinical situation in which we know the patient has had 
digitalis, but do not know whether he is toxic to digitalis. 
Propranolol may bea very useful drug in this situation."! 

According to Wehrmacher, propranolol hydrochloride 
“is probably the treatment of choice for digitalis- 
induced tachyarrhythmias."19 


BETA-BLOCKADE /INDERAL 


ventricular tachycardias (when a matter of minutes 
in controlling the arrhythmia may mean life or 
death and when cardioversion technics are not 
available) 3,4,7,9,10,12 


“There appears to be a special place for the use of pro- 
pranolol in patients with prolonged cardiac arrest asso- 
ciated with resistant, recurrent ventricular fibrillation. 
Propranolol has been shown to have an anti-fibrillatory 
effect, and we [the clinicians] believe it should be used 
when standard resuscitation methods and drugs have 
not produced a satisfactory cardiac rhythm."1? 


ias associated with anesthesia in selected 
cases 3,10,12-15 


In the treatment of cardiac disturbances occurring dur- 
ing and/or following halothane anesthesia for cardio- 
vascular operations, 141 episodes in 115 patients 
“responded consistently to 1 to 2 mg. of propranolol 
intravenously without serious side effects. The onset of 
the drug's action was apparent within one to three 
minutes after its injection."!? 


Also recommended in the management of hyper- 
trophic subaortic stenosis . . . 919-15 


Oral administration has produced symptomatic im- 
provement in a large majority of patients, some treated 
for several days, and others for as long as several 
months.!° 


..-and pheochromocytoma ®*#1017.18 


“When surgical removal [of the tumor in pheochromo- 
cytoma] is impossible, administration of both a- and 
B-adrenergic blocking drugs is essential for long-term 
control."19 

Administered with awareness of the Contraindica- 
tions, Warnings, Precautions, and Adverse Reactions, 
INDERAL (propranolol hydrochloride) provides a 
valuable tool in controlling a wide variety of cardiac 
arrhythmias, including cases that have proved refrac- 
tory to previous therapy with other drugs. 

With judicious use of INDERAL in suitably selected 
patients, symptomatic improvement is most frequently 
obtained; restoration to sinus rhythm is often possible. 


Ayerst. 
(propranolol hydrochloride) 


(See last page of advertisement for prescribing information.) 
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BRIEF SUMMARY 
(For full prescribing information, see package circular.) 


INDERAL 
(propranolol hydrochloride) 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE 
PHYSICIAN SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC 
CONCEPT OF ADRENERGIC RECEPTORS (ALPHA AND BETA), AND 
THE PHARMACOLOGY OF THIS DRUG. 














INDICATIONS 
INDERAL is indicated in the management of: 
1) CARDIAC ARRHYTHMIAS 
a) Paroxysmal atrial tachycardia 
b) Sinus tachycardia and extrasystoles (atrial and ventricular) 
c) Atrial flutter and fibrillation 
In the majority of cases of flutter or fibrillation, a beneficial effect is obtained 
by thereduction of ventricular respense (reduced ventricular rate) to the atrial 
tachyarrhythmia by partial A-V block. Occasionally, normal sinus rhythm 
may be restored, but the mechanism of this action is unknown. 
d) Tachyarrhythmia of digitalis intoxication 
Digitalis-induced tachyarrhythmias may lead the physician to increase the 
dose on the false assumption that the previous dosage was inadequate. Dig- 
italis-induced tachyarrhythmias are usually reversible within minutes by 
INDERAL, given intravenously. Once normal rhythm has been restored, 
maintenance withoral therapy is indicated. (See Dosage and Administration. ) 
e) Tachyarrhythmias associated with anesthesia 
Tachyarrhythmias during anesthesia may sometimes arise because of carbon 
dioxide accumulation, surgical stimulation, or catecholamine administration. 
When usual measures fail, INDERAL may be given intravenously to abolish 
these arrhythmias. However, INDERAL should not be used to treat arrhyth- 
mias associated with anesthetics that produce myocardial depression, for 
example, chloroform and ether. 
f) Ventricular tachycardias _ 
When a matter of minutes in controlling the arrhythmia may mean life or 
death, and when cardioversion technics are not available, INDERAL may be 
given intravenously slowly and in low dosage. (See Dosage and Administra- 
tion.) Although risks must necessarily be taken to control the arrhythmia in 
these cases, the cautious use of the drug will reduce them to a minimum. Care 
in the administration of INDERAL and constant monitoring with an electro- 
cardiograph is essential, as the failing heart requires some sympathetic drive 
to maintain myocardial tone. 
g) Occasionally in severe tachyarrhythmias, the reduction of ventricular rate 
with use of INDERAL (propranolol hydrochloride) may permit a more ac- 
curate electrocardiographic diagnosis of the arrhythmia. 
2) HYPERTROPHIC SUBAORTIC STENOSIS 
INDERAL reduces the ventricular gradient induced by exogenous cate- 
cholamine (isoproterenol) by relieving outflow obstruction. The control of 
angina, syncope, vertigo, and palpitations in these patients may represent 
blockade of endogenous catecholamine overstimulation. 
3) PHEOCHROMOCYTOMA 
INDERAL protects the heart from the positive inotropic and chronotropic 
effects of excessive levels of catecholamines. Alpha-adrenergic blocking 
drugs (phenoxybenzamine and phentolamine) diminish the risk of excessive 
hypertension before and during surgical treatment of the pheochrome tumors, 
but donot prevent excessive cardiac stimulation by catecholamines. However, 
INDERAL should always be used cancomitantly with alpha-receptor block- 
aders since antagonism of the dilator (beta) action of epinephrine on peripheral 
vessels may leave the constrictor (alpha) action unopposed and cause a serious 
rise in blood pressure. In patients with inoperable or metastatic pheochromo- 
cytoma, INDERAL is auseful adjunct tothe management of symptoms due to 
excessive beta-receptor stimulation. 


CONTRAINDICATIONS 
INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis 
during the pollen season; 3) sinus bradycardia and greater than second degree 
ortotal heart block; 4 cardiogenic shock; 5) right ventricular failure secondary 
to pulmonary hypertension; 6) congestive heart failure (see under WARN- 
INGS) unless the failure is secondary to a tachyarrhythmia treatable with 
INDERAL, i.e., some patients with congestive failure exhibiting rapid heart 
rates due to a strong sympathetic component, with inadequate response to 
maximum doses of digitalis and diuretic, may be improved by the cautious 
addition of INDERAL to the treatment regimen; 7) in patients receiving an- 
esthetics that produce myocardial depression such as chloroform and ether; 
8) in patients on adrenergic-augmenting psychotropic drugs (including MAO 
inhibitors), and during the two week withdrawal period from such drugs. 

WARNINGS 

CARDIAC FAILURE: Sympathetic stimulation is a significant component 
in supporting circulatory function in congestive heart failure, and inhibition 
with beta-blockade always carries the potential hazard of further depressing 
myocardial contractility and precipitating cardiac failure. 
In frank or incipient congestive failure, therefore, treatment with INDERAL 
should be carried out cautiously and preferably under the protective cover of 
concurrent digitalization. INDERAL acts selectively without abolishing the 
inotropic action of digitalis on the heart muscle (i.e. that of supporting the 
strength of myocardial contractions). 
In patients without a history of cardiac failure, continued depression of the 
myocardium over a period of time can, in some cases, lead to cardiac failure. 
In rare instances, this has been observed during INDERAL (propranolol 
hydrochloride) therapy. Therefore, at the first sign or symptom of impending 


INDERAL? (propranolol hydrochloride) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 
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cardiac failure, patients should be fully digitalized, and the response observed 
closely: 
(a) if cardiac failure continues to progress, INDERAL (propranolol hydrochlo- 
ride) therapy must be immediately withdrawn; (b) however, if tachyarrhyth- 
mia is being controlled, patients should be maintained on combined dosage 
and the patient closely followed until threat of cardiac failure is over. 
PATIENTS PRONE TO HYPOGLYCEMIA: Caution should be exercised 
in the administration of INDERAL to patients subject to spontaneous hypo- 
glycemia or to diabetics (especially labile diabetics) receiving insulin or oral 
hypoglycemic agents. Because of its beta-adrenergic blocking activity, 
INDERAL may prevent the appearance of premonitory signs and symptoms 
(pulse rate and pulse pressure changes) of acute hypoglycemia. 
USE IN PREGNANCY: The safe use of INDERAL in human pregnancy 
has not been established. Use of any drug in pregnancy or women of child- 
bearing potential requires that the possible risk to mother and/or fetus be 
weighed against the expected therapeutic benefit. 
PRECAUTIONS 

Patients receiving catecholamine depleting drugs such as reserpine should 
beclosely observed when INDERAL is introduced into the treatment regimen. 
The added catecholamine blocking action of this drug may then produce an 
excessive reduction of the resting sympathetic nervous activity. 
Occasionally, the pharmacologic activity of INDERAL may produce hypo- 
tension and/or marked bradycardia resulting in vertigo, syncopal attacks, 
or orthostatic hypotension. 
As with any new drug given over prolonged periods, laboratory parameters 
should be observed at regular intervals. The drug should be used with caution 
in patients with impaired renal or hepatic function. 

ADVERSE REACTIONS 
Inthe majority of patients INDERAL is well tolerated, and side effects have 
been transient in nature, rarely necessitating withdrawal of therapy. Nausea, 
vomiting, light-headedness, mild diarrhea, constipation, and mental depres- 
sion (manifested by insomnia, lassitude, weakness, and fatigue) have been 
observed during the course of clinical investigation. One case of mental depres- 
sion which progressed to a catatonic state was returned to normal when the 
drug was discontinued. Isolated cases of erythematous rash, paresthesia of 
the hands, fever combined with aching and sore throat, visual disturbances, 
and hallucinations have also been reported. Rarely, respiratory distress and 
laryngospasm have been reported following intravenous administration. 
Elevated blood urea levels have occasionally been observed in a few patients 
with severe heart disease, and it is suspected that these high values were 
due to the renal status of the patient rather than a result of therapy. Sim- 
ilarly, elevated serum transaminase levels have occasionally been observed, 
but in no case was there any clinical or other laboratory evidence of hepatic 
dysfunction. One case of nonthrombocytopenic purpura and one case of 
thrombocytopenic purpura have been reported from abroad in patients who 
were receiving other drugs in addition to INDERAL (propranolol hydro- 
chloride). Three instances of reversible alopecia coincident with INDERAL 
administration have been reported; relationship to the drug has not been 


li E 
ea DOSAGE AND ADMINISTRATION 
The oral route of administration is preferred. 
ORAL 
Arrhythmias — 10-30 mg. three or four times daily, before meals and at bedtime. 
Hypertrophic Subaortic Stenosis — 20-40 mg. three or four times daily, before 
meals and at bedtime. 
Pheochromocytoma — Preoperatively —60 mg. daily in divided doses for 
three days prior to surgery. concomitantly with an alpha-adrenergic blocking 
agent. — Management of inoperable tumor —30 mg. daily in divided doses. 
INTRAVENOUS 
The usual dose is from 1-3 mg. administered under ECG monitoring. The 
rate of administration should not exceed 1 mg. (1 cc.) per minute. Sufficient 
time should be allowed to enable a slow circulation to carry the drug to the 
site of action. Once an alteration in rate of rhythm is recorded, it is advisable 
to give no further INDERAL until the full effect is observed. 
Depending on the response, a second dose may be repeated after two minutes. 
Additional medication should not be given in less than four hours. Therapy 
with oral dosage is advisable as soon as possible. 
NOTE: Should excessive bradycardia occur, atropine 0.5-1.0 mg. should be 
administered intravenously. 

SUPPLIED 


Inderal* ( propranolol hydrochloride) 


TABLETS — No. 461— Each tablet contains 10 mg. of propranolol hydro- 
chloride. in bottles of 100 and 1,000. 
— No. 464 — Each tablet contains 40 mg. of propranolol hydrochloride, in 
bottles of 100 and 1,000. 
INJECTABLE — No. 3265 — Each cc. contains 1 mg. of propranolol hydro- 
chloride in Water for Injection. The pH is adjusted with citric acid. Supplied 
as: 1 cc. ampuls — Boxes of 10. 
References: 
1. Aagard, G.N.: Northwest Med. 70:47 (Jan.) 1971. 2. Gettes, L.S., and Yoshonis, K.F.: 
Circulation 41:689 ( Apr.) 1970. 3. Gianelly, R.E., and Harrison, D.C.: Geriatrics 25:120 
( Apr.) 1970. 4. Helfant, R.H.: Med. Times 98:118 Jan.) 1970. 5. Stampfer, M., and Epstein, 
S.E.:J. S. Carolina Med. Ass. 65:249 Julv! 1969. 6. Theilen, E.O., and Wilson, W.R.: Med. 
Clin. N. Amer. 52:1017 (Sept. ) 1968.7. Frieden, J., et al.: Amer. J. Cardiol. 22:711 ( Nov.) 1968. 
8. Reynolds, E.W.: Geriatrics 26:150 | Feb.) 1971. 9. Sonnenblick, E.H.: Arrhythmias and 
Beta-Adrenergic Blockade, Ayerst Laboratories, 1971. 10. Wehrmacher, W.H.: Curr. Med. 
Dig.35:1031(Oct.) 1968. 11. Richardson, D.W.: Int. Med. Dig. 86:26(July) 1970. 12. Slomon, 
G.: Brit. Med. J. 4:508 ( Dec. 2) 1967. 13. McClish, A., et al.: Canad. Med. Ass. J. 99:388 
(Sept. 7) 1968. 14. Bird, C.G., et al.: Anaesthesia 24:180, 1969. 15. Ikezono, E., et al.: 
Anesth. Analg. (Current Researches} 48:598 (July-Aug.) 1969. 16. Belz, G.G.: Med. Klin. 
64:2019, 1969. 17. Engelman, K.: Hosp. Med. 6:112 (May) 1970. 18. Crout, J.R., and Brown, 
B.R., Jr.: Anesthesiology 30:29 (Jan.) 1969. 
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Highest quality performance 
with minimal attention 


Features Benefits 
e Foam Construction e Soft and elastic for patient comfort. 


e Aggressive Adhesion € Adhesive insured throughout all long-term 
monitoring procedures. Designed for 5 to 7 
days use. 


e Gel Cup e Maintains stable gel column to minimize 
motion artifact and retains gel to 
eliminate gel squeeze out under 
adhesive area. 


e Silver/Silver e The silver element, coupled with 
Chloride a low impedance gel, virtually 
Construction eliminates base line instability. 

e Total Electrode e Permits standardization of 
System electrode connections in all 


hospital units. Advanced 
cable and wire design 
provides a low noise, 
long life system. 


® 
ro Mfd. by NDM Corporation, Dayton, Ohio 45439 


U.S. Patents 3701346, 3696807, 3713435 Made in U.S.A. 


CLINICAL TRIAL To insure that you have an opportunity to benefit from the use 
of this unique long term monitoring electrode system, please contact your Amer- 
ican Hospital Supply or NDM representative and request: 


€ A complete demonstration of the be supplied at no obligation during 
many benefits of this electrode sys- the trial. 
tem. € A total inservice program for your 
e A clinical trial of the product in your personnel on the proper use of the 
long term monitoring areas. Elec- long term monitoring electrode sys- 
trodes, leadwires and patient cables tem and information on our nation- 
to adapt to your monitoring units will wide technical service program. 


=® Available through 


AMERICAN nospirAL SUPPLY 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION e GENERAL OFFICES, 1450 WAUKEGAN ROAD, McGAW PARK, ILLINOIS 60085 
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Facing car | 
with acute anxiety 


Anxiety is likely to be present in most cardiac patients 

about to undergo elective cardioversion. In some cases, however, 
| psychic tension may be severe and reach 
disproportionate levels. 

In such instances, 5 to 15 mg 
Injectable Valium’ (diazepam), administered 
I.V. within 5 to 10 minutes before the 
procedure, is a valuable premedicant. Its 
calming effect on the apprehensive patient 
is generally prompt and pronounced, often 
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| reducing the need for general 
anesthesia and O.R. scheduling. 
Perhaps best of all, Injectable 
Valium (diazepam) can markedly 
diminish the patient’s memory 
of the countershock. 
Injectable Valium seldom 
j significantly alters vital signs. Nevertheless, 
there have been infrequent reports of ee 
hypotension and rare reports of apnea and 
cardiac arrest, usually following I.V. ad- 
ministration, especially in elderly or very ill 
patients and those with limited pulmonary 
E: » reserve. Resuscitative 
facilities should be im- 
mediately available. 
When given in 
conjunction with nar- 
cotics, a reduction of 
arcotic dosage should be considered. (See pre- 
scribing information.) Do not mix or dilute 
Injectable Valium with other drugs, solutions or 
fluids. 


Jecta ple Valium (diazepam) 


can ease the way «» 


Before prescribing, please consult complete product information, 
a summary of which appears on the following page. 
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Prior to cardioversion, to relieve excessive anxiety and diminish recall 


Injectable Valium diazepam) 


ready-to-use 2-ml Tel-E-Ject’disposable syringes) 
1o-ml vials 5 mg/ml 
2-ml ampuls 


Before prescribing, please con- 
sult complete product information, 
a summary of which follows: 

Indications: Tension and anx- 
iety states; somatic complaints 
which are concomitants of emo- 
tional factors; psychoneurotic states 
manifested by tension, anxiety, ap- 
prehension, fatigue, depressive 
symptoms or agitation; symptomatic 
relief of acute agitation, tremor, de- 
lirium tremens and hallucinosis due 
to acute alcohol withdrawal; adjunc- 
tively in: relief of skeletal muscle 
spasm due to reflex spasm to local 
pathology; spasticity caused by up- 
per motor neuron disorders; atheto- 
sis; stif_man syndrome; tetanus; 
status epilepticus and severe recur- 
rent seizures; anxiety prior to gas- 
troscopy, esophagoscopy, and surgi- 
cal procedures; cardioversion (I.V.). 

Contraindicated: In infants; in 
patients with known hypersensitivity 
to the drug; in acute narrow angle 
glaucoma; may be used in patients 
with open angle glaucoma receiving 
appropriate therapy. 

Warnings: Inject I.V. slowly, 
directly into vein; take at least one 
minute for each 5 mg (1 ml) given. 
Donot mix or dilute with other solu- 
tions or drugs. Do not add to I.V. 
fluids. Rare reports of apnea or car- 
diac arrest noted, usually following 
I.V. administration, especially in 
elderly or very ill and those with 
limited pulmonary reserve; dura- 
tion is brief; resuscitative facilities 
should be available. Not recom- 
mended as sole treatment for psy- 
chotic or severely depressed patients. 
Should not be administered to pa- 
tients in shock, coma, acute alcoholic 
intoxication with depression of vital 
signs. Caution against hazardous 
occupations requiring complete 
mental alertness. Advise against 
simultaneous ingestion of alcohol 
and other CNS depressants. With- 
drawal symptoms (similar to those 
with barbiturates and alcohol) have 
occurred following abrupt discon- 
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tinuance (convulsions, tremor, ab- 
dominal and muscle cramps, vomit- 
ing and sweating). Keep addiction- 
prone individuals under careful 
surveillance because of their pre- 
disposition to habituation and de- 
pendence. In pregnancy, lactation or 
women of childbearing age, weigh 
potential benefit against possible 
hazard to mother and child. 

Precautions: If combined with 
other psychotropics or anticonvul- 
sants, carefully consider individual 
pharmacologic effects—particularly 
with known compounds which may 
potentiate action of Valium 
(diazepam), such as phenothiazines, 
narcotics, barbiturates, MAO in- 
hibitors and other antidepressants. 
Usual precautions indicated in pa- 
tients severely depressed, or with 
latent depression, or with suicidal 
tendencies. Observe usual precau- 
tions in impaired renal or hepatic 
function. Not recommended for 
bronchoscopy, laryngoscopy, obstet- 
rical use, or in diagnostic pro- 
cedures other than gastroscopy 
and esophagoscopy. Laryngospasm 
and increased cough reflex are pos- 
sible during gastroscopy; necessary 
countermeasures should be avail- 
able. Hypotension or muscular 
weakness possible, particularly when 
used with narcotics, barbiturates or 
alcohol. Since effect with narcotics 
may be additive, appropriate reduc- 
tion in narcotic dosage is possible. 
Use lower doses (2 to 5 mg) for el- 
derly and debilitated. Safety and effi- 
cacy in children under 12 not 
established. 

Side Effects: Drowsiness, fa- 
tigue, ataxia, confusion, depression, 
constipation, dysarthria, diplopia, 
headache, hypoactivity, hiccups, 
hypotension, incontinence, jaundice, 
nausea, changes in libido, changes 
in salivation, phlebitis at injection 
site, urinary retention, skin rash, 
syncope, slurred speech, urticaria, 
tremor, vertigo, blurred vision. Para- 
doxical reactions such as acute hy- 


perexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances 
and stimulation have been reported; 
should these occur, use of the drug 
should be discontinued. Isolated re- 

rts of neutropenia, jaundice; pe- 
riodic blood counts and liver func- 
tion tests advisable during long-term 
therapy. Minor EEG changes, usu- 
ally low-voltage fast activity, of no 
known significance. 

Dosage: Usual initial adult dose 
is 2 to 10 mg I.M. or I.V., depending 
an indication for use. Lower doses 
(usually 2 to 5 mg) with slow dosage 
increase for elderly or debilitated 
patients and when sedative drugs 
are added. (See Precautions and Ad- 
verse Reactions.) In gastroscopy and 
esophagoscopy, 5 to 10 mg, I.M. or 
LV, 30 min. prior to procedure. As 
preoperative medication, 10 mg, 
LM., 1 to 2 hours before surgery. In 
cardioversion, 5 to 15 mg, I. V., within 
5to 10 min. prior to procedurc. Give 
LV. injections slowly; take at least I 
minute for each 5 mg (1 ml). 

In acute conditions injection 
may be repeated within 1 hour, al- 
though interval of 3 to 4 hours is 
usually satisfactory; not more than 
30 mg should be given within 8-hour 
period. Once acute symptomatology 
has been properly controlled with 
injectable form, patient may be 
placed on oral form if further treat- 
ment is required. 

Supplied: Valium? (diazepam) 
Ampuls, 2 ml, boxes of 10; Vials, 

10 ml, boxes of 1; 'Iel-E-Ject* 
(disposable syringes), 2 ml, boxes of 
10. Each ml contains 5 mg diazepam 
compounded with 4075 propylene 
glycol, 10% ethyl alcohol, 5% sodium 
benzoate and benzoic acid as 
buffers, and 1.5% benzyl alcohol as 
preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley. N.J. 07110 


Thrombe 
-embolism 


[he Silent Threat 


“Thrombotic phenomena now occupy first 
place as a complicating factor, if not the 
cause, of mortality as determined in all autopsy 
series in the United States today. Thrombotic 
disease has become an increasingly impor- 
tant cause of disability and death as infectious 
diseases have responded to chemotherapy 
and as public health measures have become 
increasingly effective.” 


Contributing to the seriousness of the problem 
is the fact that “At present there is no satisfac- 
tory technique for the recognition in man of the 
incipient or active thrombotic state.”' There 
are, however, a number of factors which are 
known to predispose to thrombus formation 
and potentially fatal embolism. Recognition of 
these factors, plus the application of adequate 
prophylactic and therapeutic measures, could 
contribute significantly toward decreasing the 
morbidity and mortality caused by ‘the silent 
threat.’ 





The population at risk 





Although such modern techniques as 
isotopic lung scanning, the radioactive 
fibrinogen uptake test, and the Doppler 
ultrasound flow detec:or show promise 
of permitting early detection of 
thrombus formation, it is generally 
agreed that these methods are not 
completely accurate as diagnostic 
tools, nor are they practical for large- 
scale patient screening. As a result, 
most physicians rely on the presence 
of known predisposing factors as a 
means of identifying patients who are 
especially prone to venous thrombosis 
and pulmonary emboii. 


The high risk groups 

As one authority has noted, these high 
risk "...groups include severely injured 
patients, particularly those over age 50 
who have fractures of the pelvis, hip, or 
lower extremities; those undergoing 
elective cup arthroplasty or pelvic 
surgery; those immobilized or com- 
pletely bedridden; those with a pre- 
vious history of venous thrombosis or 
pulmonary embolism; those with 
severe obesity or congestive heart fail- 
ure, or any combination of the above 
categories." * 


Myocardial infarction: 
a special high risk category 


Patients with acute myocardial infarction 
comprise another high risk group, espe- 
cially if they have “...large transmural 
infarctions, previous infarction or angina, 
severe hypotension or shock, congestive 
heart failure, chronic atrial fibrillation, or 
past history of venous thrombosis or 
embolism:" 
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Therapy to lessen the risk 


In patients with conditions known to predispose 
them to thrombosis and potentially fatal pulmonary 
embolism — the high risk groups — the use of anti- 
coagulant therapy can be of significant benefit. As 
one investigator recently remarked: "If [the physi- 
cian] believes that the risk of embolism is high he 
should use the only proved form of prevention, 
anticoagulation.” 


With special regard to pulmonary embolism, it has 
been noted that "...a pulmonary infarct proves the 
existence of intravenous thrombosis and should 
be considered as a warning of possible further 
emboli. It is generally accepted that diagnosis of 
pulmonary infarction justifies the immediate appli- 
cation of anticoagulant therapy. Heparin is usually 
used initially, then oral anticoagulants (most com- 
monly warfarin). The length of such therapy is 
often arbitrary, averaging four to six weeks, but 
depends on the extent and chronicity of the 
venous disease, whenever these can be deter- 
mined." * 


Myocardial infarction: 
a special case 
for longer term therapy 


Following acute myocardial infarction patients are 
especially prone to such thromboembolic compli- 
cations as mural and venous thrombosis and pul- 
monary and systemic emboli. The increased risk is 
due to reduced cardiac output, reduced arterial 
perfusion of the limbs, hypercoagulability (in the 
presence of cardiac ischemia), and venous pool- 
ing in the lower limbs — all of which may induce 
venous stasis leading to potentially fatal thrombus 
formation and embolization. 


Because of the great risk of thromboembolic 
complications after myocardial infarction, anti- 
coagulant therapy is widely recommended. As 
noted in a recent study, "...an excellent case can 
be made for the use of anticoagulants for the 
prevention of thromboembolic complications [fol- 
lowing acute myocardial infarction]. * 


With regard to duration of therapy, although there 
is no consensus, it is generally agreed that anti- 
coagulants should be given for as long as observ- 
able benefits persist. In a study of 735 myocardial 
infarction patients treated with COUMADIN or 
another coumarin derivative: "Results indicate that 
anticoagulant therapy reduces the death rate sig- 
nificantly during the first three years after an acute 
myocardial infarction. However, survival rates con- 
verge after the third year, and by the fifth year 
there is no difference in survival of treated and 
untreated groups. Therapy appeared to be more 
effective in patients who had experienced more 
than one infarction. The incidence of recurrent 
infarction and congestive heart failure was less in 
the group treated with anticoagulants. * 


Another investigator expressed his opinion on the 
duration of therapy by remarking that "...male 
patients on anticoagulants during the acute phase 
of myocardial infarction can logically be kept on 
them for 2 or 3 years when feasible. Such treat- 
ment can be recommended especially to men 
under age 55 and to men who have had a 
previous history of angina pectoris, myocardial 
infarction, or both, since they are the ones most 
likely to benefit." 


References: 
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Resources, Sub-Committee on Thromboembolism, Wes- 
sler, S. (Chairman), et a/.: Circulation 41:A-31 (June) 1970. 

2. Borden, C.W.: Med. Clin. North America 56:235 (Jan.) 1972. 
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COUMADIN 


(crystalline 
sodium warfarin) 


*present as crystalline sodium warfarin isopropanol clathrate 





Please refer to brief summary of prescribing information on last page of this advertisement. 
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COUMADIN (crystalline sodium warfarin) BRIEF SUMMARY 


EFFECTIVENESS: Coumadin? (crystalline sodium warfarin) is indi- 
cated for the prophylaxis and treatment of venous thrombosis and its 
extension, the treatment of atrial fibrillation with embolization, the 
prophylaxis and treatment of pulmonary embolism, and as an 
adjunct in the treatment of coronary occlusion. 
CONTRAINDICATIONS: Hemorrhagic blood dyscrasias. Recent 
or contemplated surgery of: (1) central nervous system; (2) eye; (3) 
traumatic surgery resulting in large open surfaces. Bleeding ten- 
dencies associated with active ulceration or overt bleeding of: 
(1) gastrointestinal, genitourinary or respiratory tracts; (2) cerebro- 
vascular hemorrhage; (3) aneurysms — cerebral, dissecting aorta; (4) 
pericardial effusions; (5) subacute bacterial endocarditis. Threat- 
ened abortion, eclampsia and preeclampsia. Inadequate labora- 
tory facilities, or lack of patient cooperation. Miscellaneous: 
polyarthritis, vitamin C deficiency, major regional block anesthesia. 


WARNINGS: Administration of anticoagulants in the following con- 
ditions will be based upon clinical judgment in which the risk of 
hemorrhage due to anticoagulants is weighed against the risk of 
thrombosis or embolization in untreated cases. The following may be 
associated with increased risk of hemorrhage: Pregnancy — oral 
anticoagulants pass through the placental barrier, and the danger of 
hemorrhage to the fetus exists even to the point of fatal hemorrhage 
in utero, even in the accepted therapeutic range of maternal 
prothrombin level. Close observation and laboratory control are 
essential. Lactation — coumarins may pass into the milk of mothers 
and cause a prothrombinopenic state in the nursing infant. 
Prolonged dietary deficiency (cachexia, vitamin K). Severe to 
moderate hepatic or renal insufficiency. Infectious diseases or 
disturbances of intestinal flora — sprue, antibiotic therapy. Severe 
trauma of head, bones or muscles associated with extreme raw sur- 
faces. Surgery resulting in large exposed raw surfaces. Indwelling 
catheters. Spinal puncture. Severe to moderate hypertension. 
Miscellaneous: polycythemia vera, vasculitis, severe diabetes, 
menometrorrhagia, allergic and anaphylactic disorders. 

Abrupt cessation of anticoagulant therapy is not generally recom- 
mended; taper dose gradually over three to four weeks. 
PRECAUTIONS: Periodic determination of prothrombin time is 
essential. 

Numerous factors, alone or in combination, including travel, 
changes in diet, environment, physical state and medication 
may influence response of the patient to anticoagulants. It is 
generally good practice to monitor the patient's response with 
additional prothrombin time determinations whenever other 
medications are initiated, discontinued or taken haphazardly. 
The following factors are listed for your reference; however, 
other factors may also affect the prothrombin response. 

The following factors, alone or in combination, may be 
responsible for increased prothrombin time response: 

ENDOGENOUS FACTORS: Carcinoma; collagen disease; conges- 
tive heart failure; diarrhea; elevated temperature; hepatic disorders 
—infectious hepatitis, jaundice; poor nutritional state; vitamin K 
deficiency — steatorrhea. 

EXOGENOUS FACTORS: Alcoholf; allopurinal; anabolic steroids; 
antibiotics; bromelains; chloral hydratet; chlorpropamide; chymo- 
trypsin; cinchophen; clofibrate; Coumadin? (crystalline sodium war- 
farin) overdosage; dextran; dextrothyroxine; diazoxide; dietary 
deficiencies; diureticst; disulfiram; drugs affecting blood elements; 
ethacrynic acid; glucagon; hepatotoxic drugs; indomethacin; inhala- 
tion anesthetics; mefenamic acid; methylphenidate; monoamine 
oxidase inhibitors; nalidixic acid; oxyphenbutazone; phenylbu- 
tazone; phenyramidol; prolonged hot weather; prolonged narcotics; 
quinidine; quinine; salicylates (in excess of 1 Gm/day); sulfin- 
pyrazone; sulfonamides, long acting; thyroid drugs; tolbutamide; 
triclofos sodium; unreliable prothrombin time determinations. 
Hncreased and decreased prothrombin time responses have been reported 

The following factors, alone or in combination, may be 
responsible for decreased prothrombin time response: 

ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary 
resistance to coumarin therapy hyperlipemia; hypothyroidism. 

EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt; ant- 
acids; antihistamines; barbiturates; chloral hydratet; chlordiazepox- 
ide; cholestyramine; Coumadin® (crystalline sodium warfarin) 
underdosage; diet high in vitamin K (vegetables, fish, fish oil, 
onions); diureticst; ethchlorvynol; glutethimide; griseofulvin; halo- 
peridol; meprobamate; oral contraceptives; paraldenyde; primidone; 
rifampin; unreliable prothrombin time determinations; vitamin C. 
Hncreased and decreased prothrombin time responses have been reported 

A patient may be exposed to a combination of the above factors, 
some of which may increase and some decrease his sensitivity to 
Coumadin. Because the net effect on his prothrombin time response 
may be unpredictable under these circumstances, more frequent 
laboratory monitoring is advisable. 
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ADVERSE REACTIONS: Potential side effects of Coumadir? (crys- 
talline sodium warfarin) include: 1. Minor or major hemorrhage from 
any tissue or organ — which is an extension of the physiologic activity 
of prothrombinopenia. B'eeding during anticoagulant therapy does 
not always correlate with prothrombin activity. (See TREATMENT 
FOR OVERDOSAGE.) Bleeding which occurs when the prothrombin 
time is within the therapeutic range warrants diagnostic investigation 
since it may unmask a previously unsuspected lesion, e.g. tumor, 
ulcer etc. 2. Side effects other than hemorrhage are infrequent and 
consist of alopecia, urticaria, dermatitis, fever, nausea, ciarrhea, 
hypersensitivity reactions and an extremely rare reaction consisting 
of hemorrhagic infarction and necrosis of the skin. 

TREATMENT FOR OVERDOSAGE: Excessive prothrombinopenia, 
with or without bleeding, is readily controlled by discontinuing 
Coumadin® (crystalline sodium warfarin), and if necessary, the oral 
or parenteral administration of vitamin Ki. The appearance of micro- 
scopic hematuria, melena, petechiae or oozing from nicks made 
while shaving are early manifestations of hypoprothrombinemia 
beyond a safe and satisfactory level. 

In excessive prothrombinopenia with mild or no bleeding, omis- 
sion of one or more doses of Coumadin® (crystalline sodium war- 
farin) may suffice; and if necessary, small doses of vitamin Ki 
(Mephyton*"^ orally, 2.5 mg., will usually correct the problem. 

If minor bleeding persists, cr progresses to frank bleeding. vitamin 
Ki (AquaMephyton®*) in doses of 10 to 25 mg. may be given paren- 
terally. (Please note recommendations accompanying vitamin K 
preparations prior to use.) Fresh whole blood transfusions should be 
considered in cases of severe bleeding or prothrombinopenic states 
unresponsive to vitamin Kı. 

Resumption of Coumadin® (crystalline sodium warfarin) adminis- 
tration reverses the effect of vitamin Ki, and a therapeutic hypo- 
prothrombinemia level is readily obtained. 

*Trademark. Merck Sharp & Dohme 

For complete prescribing information, including dosage and labo- 

ratory control, see package circular. 
SUPPLIED: Tablets: Coumadin® (crystalline sodium wariarin) for 
oral use, single scored, imprinted numerically with potency as 
follows: 2 mg. lavender, 22? mg. orange, 5 mg. peach, 71/2 mg. yellow, 
10 mg. white, 25 mg. red. In bottles of 100 and 1000. Also available in 
Hospita! Unit-Dose blister package of 100. Injection: Available as 
single injection units of amorphous sodium warfarin lyophilized for 
intravenous or intramuscular use in a box of 6 units, 50 mg.: Unit con- 
sists of 1 vial, 50 mg.; sodium chloride, 10 mg.; thimerosal, 0.2 mg. 
accompanied by a 2 ml. ampul Sterile Water for Injection. 75 mg.: 
Unit consists of 1 vial, 75 mg.; sodium chloride, 15 mg.; thimerosal, 
0.3 mg. accompanied by a 3 ml. ampul Sterile Water for Injection. 

Sterile Water for Injection contains no antimicrobial or other sub- 
stance, and it is not suitable for intravascular injection without first 
having been made approximately isotonic by the addition of a suit- 
able solute. Use only for reconstitution of the lyophilized product. 


Licensed by Wisconsin Alumni Research Foundation. U.S. Pat. No. 3,077,481 (Reissue No. 
25,866). Registered trademark cf Wisccnsin Alumni Research Foundation. 


Physician and Patient Aids Available on Request-— record charts 
for you, dosage calendars and instruction folders, including iden- 
tification cards, for your patients. For a free supply of any or all of 
these aids, ask your Endo representative or write to Director of Pro- 
fessional Services. 
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“This is the real Heartburn Zone. 
- This is where GAVISCON works" 


The Real Heartburn 
Zone 

When gastric juice | 
refluxes into the esoph- | 
agus, stomach contents 
irritate sensitive nerve 
endings in esophageal 
mucosa to produce the 
pain of heartburn. 




















Gaviscon Coats 

The Gaviscon foam 
coating clings to eso- 
phageal mucosa for pin- 
point neutralization of 
gastric contents which 
might reflux from the 
stomach. 


Gaviscon Floats 
In the cardia and fundus 
of the stomach, 


GAVISCON? FOAMTAB® j 

tablets form a soft, poner ESE. — 9 
viscous layer of floating Lt / 

antacid foam that pre- T 

cedes gastric contents po 

refluxing into the 9 ; 

esophagus. 


GAVISCON 


FOAMTAB" 


(Alginic acid, 200 mg; aluminum hydroxide dried gel, 80 mg; 
magnesium trisilicate, 20 mg; sodium bicarbonate, 70 mg) 
CHEWABLE ANTACID TABLETS for relief of heartburn accompanying 
hiatal hernia, gastroesophageal reflux, and esophagitis. 


PHARMACEUTICAL DIVISION 


IM|M ON 


——À LABORATORIES. INC. 
KANSAS CITY. MISSOURI 64137 
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Rheumatic fever prevention. 

Here's true convenience for patients who 
must receive prophylactic penicillin indef- 
initely. A prolonged-action penicillin— 
benzathine penicillin G. Recommended as 
the method of choice* to prevent strepto- 
coccal infection and possible recurrence of 
rheumatic fever. A single monthly injection 
(1,200,000 units) offers continuous prophy- 
laxis in most patients. 


Action against strep. 

In therapy of mild to moderate group A strep- 
tococcal pharyngitis (without bacteremia), 
prolonged action again commends this 
penicillin, named by authorities a method of 
choice* Just one injection (600,000 to 
900,000 units in children and 1,200,000 units 
in adults) usually maintains serum concen- 
trations for the ten days considered 
necessary to eradicate the streptococci and 
preclude the initial onset of rheumatic fever? 


*Rheumatic Fever Committee of the Council on Rheumatic 
Fever and Congenital Heart Disease of the American Heart 
Association 


Indications: In treatment of infections due to penicillin G-sensitive 
microorganisms susceptible to the low and very prolonged serum levels 
common to this dosage form. Therapy should be guided by bacterio- 
logical studies (including sensitivity tests) and clinical response. 

The following infections usually respond to adequate dosage of IM 
benzathine penicillin G. 
Streptococcal infections (Group A — without bacteremia). Mild to 
moderate upper respiratory infections (e.g., pharyngitis). 
Venereal infections —Syphilis, yaws, bejel, and pinta. 

Medical Conditions in which 
Benzathine Penicillin G Therapy 
is indicated as Prophylaxis: _ 
Rheumatic fever and/or chorea — 
Prophylaxis with benzathine penicillin 
G has proven effective in preventing 
recurrence of these conditions. 
It has also been used as followup 
prophylactic therapy for rheumatic 
heart disease and acute glomerulonephritis. 
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FOR DEEP INTRAMUSCULAR INJECTION ONLY. * 
Contraindications: Previous hypersensitivity reaction to any penicillin. 


Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported. Anaphylaxis is more frequent 
following parenteral therapy but has occurred with oral penicillins. 
These reactions are more apt to occur in individuals with history of 
sensitivity to multiple allergens. Severe hypersensitivity reactions with 
cephalosporins have been well documented in patients with history of 
penicillin hypersensitivity. Before penicillin therapy, carefully inquire 
into previous hypersensitivity to penicillins, cephalosporins and other 
allergens. If allergic reaction occurs, discontinue drug and treat with 
usual agents, e.g., pressor amines, antihistamines and corticosteroids. 
Precautions: Use cautiously in individuals with histories of significant 
allergies and/or asthma. 

Carefully avoid intravenous or intraarterial use or injection into or near 
major peripheral nerves or blood vessels, since such injection may 
produce neurovascular damage. 

tin streptococcal infections, therapy must be sufficient to eliminate 
the organism, otherwise the sequelae of streptococcal disease may 
occur. Take cultures following completion of treatment to determine 
whether streptococci have been eradicated. 

Prolonged use of antibiotics may promote overgrowth of non- 
susceptible organisms including fungi. Take appropriate measures if 
superinfection occurs. 


Adverse Reactions: Hypersensitivity reactions reported are skin 
eruptions (maculopapular to exfoliative dermatitis), urticaria and other 
serum sickness reactions, laryngeal edema and anaphylaxis. Fever and 
eosinophilia may frequently be only reaction observed. Hemolytic 
anemia, leucopenia, thrombocytopenia, neuropathy and nephropathy 
are infrequent and usually associated with high parenteral doses. 

As with other antisyphilitics, Jarisch-Herxheimer reaction has been 
reported. 


Composition: (units benzathine penicillin G as active ingredient): 
300,000 units per cc. — 10-cc. multi-dose vial. Each cc. also contains 
sodium citrate buffer, approximately 6 mg. lecithin. 3 mg. polyvinyl- 
pyrrolidone, 1 mg. carboxymethylcellulose, 0.5 mg. sorbitan mono- 
palmitate, 0.5 mg. polyoxyethylene sorbitan monopalmitate, 0.14 mg 
propylparaben and 1.2 mg. methylparaben. 

600,000 units in 1-cc. TUBEX® (sterile cartridge-needle unit) Wyeth, 
packages of 10. 

1,200,000 units in 2-cc. TUBEX, packages of 10, and in 2-cc. single- 
dose disposable syringe. 

2,400,000 units in 4-cc. single-dose disposable syringe. 

Each TUBEX or disposable syringe also contains sodium citrate buffer 
and, as w/v, approximately 0.5% lecithin, 0.4% carboxymethylcellulose, 
0.4% polyvinylpyrrolidone, 0.01% propylparaben and 0.09% 
methylparaben. 


Injection 


e 
BICILLIN LONG-ACTING 





>< (sterile benzathine 







| N penicillin G suspension) 
S Wyeth t porca 
rheumatic fever 
prophylaxis ` 
gives freedom from 
daily dosage. 


RUE qan 
™ 


RIOPAN 


ANTACID SUSPENSION 


Lowest 
sodium 
content 
of the 8 
leading 
antacids” 


Pleasant, fresh 
mint-like taste 


Consistently 
effective 


RIOPAN 


Brand of 


magaldra 


Also available in 
Chew and Swallow Tablets 


Ayerst. AYERST LABORATORIES 
New York, N.Y. 10017 


* Adapted from Penna, R. P.: Antacids, in Hand- 
book of Non-Prescription Drugs, Washington, 
D.C., American Pharm. Assn., 1971 Edition, p. 7. 
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Pronestyl' Capsules/Injection 
(Procainamide Hydrochloride) 


Contraindications: In patients with myasthenie gravis and where 
ahypersensitivity to procainamide and related drugs exists. Should 
not de given to patients with complete atrioventricular heart block 
Contraindicated in cases of high-degree A-V block unless an elec- 
trical pacemaker is operative 

Administration: Oral administration is preferred. When paren- 
teral therapy is necessary, intramuscular administration is the 
method of choice. Intravenous use should be limited to extreme 
emergencies, be administered as a dilute infusion, and the patient 
be monitored electrocardiographically whenever practicable 
throughout the infusion. The intravenous dose should not exceed 
1g. Administer at a rate not exceeding 25 to 50 mg. per minute. 

Should procainamide therapy be continued for any appreciable 

period, electrocardiograms should be made occasionally to deter- 
mine its further need. 
Precautions: Evidence of untoward myocardial response should 
becarefully watched for in all patients. In the presence of myocar- 
dial damage with atrial fibrillation or flutter, the ventricular rate may 
increase suddenly as the atria! rate is slowed; adequate digitaliza- 
tion reduces but does not abolish this danger. Ventricular tachysys- 
tole is particularly hazardous 

The dislodgement of mural thrombi producing an embolic epi- 
soge may occur in correcting atrial fibrillation due to the forceful 
contractions of the atrium 

Extreme caution is required in attempting to adjust the heart 
rate when ventricular tachycardia has occurred during an occlu- 
sive coronary episode or where the use of procainamide may 
result in additional depression of conduction and ventricular asys- 
tole or fibrillation as in A-V block, bundle branch block, or severe 
digitalis intoxication. 

Parenteral administration should be monitored electrocardio- 
graphically whenever practicable. Parenteral administration 
should be discontinued at once if electrocardiograms give evi- 
dence of impending heartblock. This complication should be kept 
in mind whentreating ventricular arrhythmias (especially parenter- 
ally) in patients with severe organic heart disease and ventricular 
tachycardia who may also have complete heart block. Since asys- 
tole may result if the-ventricular rate is significantly slowed without 
attainment of regular atrioventricular conduction, procainamide 
should be stopped and the patient re-evaluated. 

Inthe presence ofboth liver and kidney damage, normal dosage 
may produce symptoms of overdosage — principally ventricular 
tachycardia and severe hypotension. 

A syndrome resembling lupus erythematosus has been re- 
ported with maintenance procainamide therapy. Common symp- 
toms are polyarthralgia, arthritis and pleuritic pain. Fever, myalgia, 
skin lesions, pleural effusion and pericarditis may also occur. Rare 
cases of thrombocytopenia or Coombs-positive hemolytic ane- 
mia, possibly related to this syndrome, have been reported. Mea- 
sure anti-nuclear antibody titers at regular intervals in patients on 
procainamide for extended periods of timeor in whom symptoms 
suggestive oflupus-like reaction appear; discontinue drug in event 
of rising titer or clinical symptoms of LE. Steroid therapy may be 
effective if discontinuation of procainamide dogs not cause remis- 
sion of symptoms. If the syndrome develops in a patient with re- 
current life-threatening arrhythmias not otherwise controllable, 
steroid-suppressive therapy may be used concomitantly with 
procainamide 
Adverse Reactions: Because procainamide is a peripheral vaso- 
dilator, it may producea hypotensive response sometimes precip- 
itous when given intravenously. Blood pressure should be mea- 
sured almost continuously during the infusion which should be 
temporarily discontinuedif the fall exceeds 15 mm. Hg. The hypo- 
tensive response isless|ikely to occur from intramuscular injection 
and is rare following oral administration. Serious disturbances of 
cardiac rhythm such as ventricular asystole or fibrillation are also 
more common with I.V. administration 

Large oral doses may sometimes produce anorexia, nausea, 
urticaria, and/or pruritus 

Reactions consisting of fever and chills; soreness of mouth, 
throat, or gums; and symptoms of upper respiratory tract infection 
have been reported. Agranulocytosis has been occasionally re- 
ported following prolonged use of the drug, end deaths have oc- 
curred. Therefore, routine blood counts are advisable during 
maintenance therapy. If any of the above symptoms should occur 
and leukocyte counts indicate cellular depression, procainamide 
therapyshould be discontinued and appropriate treatment should 
beinstituted immediately. Diarrhea, weakness, mental depression, 
giddiness, psychosis with hallucinations, hypersensitivity reac- 
tions such as angioneurotic edema and maculopapular rash, and 
bitter taste have been reported. 

The package insert should be read carefully to become familiar 
with the recommended oral and parenteral dosage for the indi- 
cated conditions 
How Supplied: Pronesty| Capsules (Procainamide Hydrochlo- 
ride Capsules U.S.P.) providing 250 mg. and 500 mg. are available 
in bottles of 100 and 1000 and Unimatic* Single Dose packaging 
in cartons of 100. Capsules providing 375 mg. are available in bot- 
tles of 100. Pronestyl Injection (Procainamide Hydrochloride In- 
jection U.S.P.) providing a 10% sterile aqueous solution (100 mg./ 
CC.) with 0.9% (w/v) benzyl alcohol is available in 10 cc. vials 

©1973 E. R. SQUIBB & SONS, INC. 443-016.. 


At the first sign of trouble 






Pronestyl 
(Procainamide Hydrochloride) 


for premature 
ventricular contractions 


SQUIBB 


Mou eles MA tat ent of e isha das i 
s the and integrity of its maker. See opposite page for brief summary. 


“a life-saving measure in 
a substantial minority of patients” 


The Avco Intra-Aortic Balloon Pump' 


...and the Sooner, the Better. 


The rationale of intra-aortic balloon 
pump (IABP) therapy in low-cardiac 
output conditions is widely accepted. 
By lowering pressure in the proximal 
aorta at the beginning of systole, myo- 
cardial work load is lessened. Also, by 
augmenting pressure during early 
diastole, pumping improves coronary 
perfusion and can open dormant col- 
laterals. Thus a better balance be- 
tween myocardial oxygen demand 
and consumption is obtained. 


Documented effectiveness 


The IABPSs effectiveness is clinically proven in the treatment 
of cardiogenic shock and in weaning patients from cardiopul- 
monary bypass. It is a "lifesaving measure in a substantial 
minority of patients who would otherwise die of cardiogenic 
shock.” Braunwald and Maroko” estimate that 20% of pa- 
tients who would otherwise die can be saved, while another 
20% can be stabilized for diagnosis and surgical intervention. 


IABP "significantly reduced the magnitude and extent of acute 
myocardial ischemic injury" "in animal studies. The authors’ 
preliminary clinical results also demonstrated reduced is- 
chemia as well as hemodynamic improvement. 


Time a critical factor 


Hemodynamic criteria to determine if a patient who seems to 
be going into cardiogenic shock is responding to treatment 
have been developed by Leinbach These criteria are a 
major contribution to the effective application of IABP treat- 
ment since early use of the system greatly increases the 
chances of success. Buckley and associates?" used the IABP 
in 27 heart-surgery patients who went into shock upon ter- 
mination of cardiopulmonary bypass. Eighteen survived; 13 
are long term survivors. Best results occurred with initiation 
of IABP therapy early in the postoperative period. 


"Developed by Avco Corporation and 
manufactured for Roche Medical Electronics Division. 





setting. 





The IABP versus drugs 


Dunkman and cthers* have concluded 
that “catecholamines may actually in- 
crease ventricular dysfunction and ne- 
crosis whereasthelABP'senhancement 
of coronary perfusion and reduction of 
oxygen-consuming work in the left ven- 
tricle can save patients if applied before 
about 4095 of the left ventricle is irre- 
trievably damaged. Moreover, IABP per- 
mits safe use of drugs if needed. 


AVCO, the most experienced 
system 


The internal counterpulsation system 
most widely used clinically is the Avco 
IABP. There are some very practical 
reasons for this dominance. 


Patented 3-chamber balloon design pre- 
vents end occlusion. 


QRS triggered synchronization with nor- 
mal and abnormal rhythms. 


Automatic reset for changes in interval 
or loss of R wave. 


Safety engineeringwith fail-safe venting, 
self-initiated trouble identification, and 
emergency compressor with inde- 
pendent power supply. 


Nationwide on-site service. 





1. Editorial. JAMA 224:245. 1973 

2. Braunwald. E. and Maroko. PR.. Ann. Int. Med 
76:659. 1972 

3. Maroko. P R. et al. Circulation 45:1150, 1972 

4. Leinbach. R.C.. quoted in Emerg Med. 5:107. 1973 

5. Buckley, M.J. et a! (abstract). Circulation 46. Suppl 
2:76. 1972 

6. Dunkman. WB. et al, Circulation 46:465. 1972 


Write for information on clinical experience and the annual Avco 
Pump Users' Meeting. Your local representative can arrange an 
Avco IABP demonstration in either a clinical or experimental 


ROCHE MEDICAL ELECTRONICS DIVISION, HOFFMANN - LA ROCHE INC., CRANBURY, N.J. 08512 






















ts atrisk 


» patient is at risk because of K-loss 


otassfum depletion can become a hazard in: 
* diuretic therapy 
e digitalis therapy 
prolonged and severe vomiting 

ʻe prolonged corticosteroid therapy 


...an answer that makes sense is K-LOR 
(POTASSIUM CHLORIDE SUPPLEMENT) 


K-LOR provides both potassium and chloride ions 
allowing for complete correction of potassium 
imbalance associated with diuretic therapy. 


There is less chance of gastric upset with K-LOR 
since it is provided in single dose packets of powder 
that must be diluted with liquid. 


The single-dose packet assures you of accurate 
dosage and provides convenience for the patient. 


K-LOR Saag 


Because potassium supplementation is serious medicine 


ications: Potassium chloride is contraindicated in the presence of severe 
nent with oliguria or azotemia, untreated Addison’s disease, ady- 
a hereditaria, acute dehydration, heat cramps, and hyperkalemia 


any cause. 
Potassium chloride should not be employed in patients receiving potassium- 
sparing agents such as aldosterone antagonists and triamterene. 


Precautions: With normal kidney function, potassium intoxication from oral 
administration is not likely to occur, since renal excretion of the ion increases 
in response to a rise in the concentration of body potassium. Nevertheless, potas- 
sium supplements must be administered with caution, since the dietary or daily 
amount is not accurately known. Frequent checks of the patient’s clinical status 
and periodic ECG and/or serum potassium levels should be done. High serum 
concentrations of potassium ion may result in death through cardiac depression, 
arrhythmia, or arrest. The drug should be used with caution in the presence of 
cardiac disease and systemic acidosis. 


Adverse Reactions: Side effects include abdominal discomfort, nausea, vomiting 
and diarrhea. 

In the presence of renal dysfunction it may be possible to induce hyperkalemia 
by oral administration of potassium salts. The symptoms and signs of potas- 
sium intoxication include paresthesias of the extremities, weakness and heavi- 
ness of the legs, flaccid paralysis, listlessness, mental confusion, fall in blood 
pressure, cardiac arrhythmias and heart block. Electrocardiographic abnormali- 
ties such as disappearance of the P wave, widening and slurring of the 
QRS complex, changes of the S-T segment and tall peaked T waves may f 
be noted with hyperkalemia. 309465 
TM—Trademark 





Physicians Ask Us, "Who Is ESB Medcor?" 


Two years ago, ESB Incorporated and Medcor, 
Inc. formed ESB Medcor, Inc. to bring to the 
medical profession a series of unique products 
for the field of cardiology. 

ESB Incorporated, the world’s largest battery 
company with expertise in electrical, electro- 
chemical and chemical products, is best known 
for its Ray-O-Vac, Exide and Willard brand 
products. Over a period of years, it has carried 
out research and development in cardiac pacing 
as well as monitoring the critical parameters 
of patients with pacers. While this does represent 
a marked departure from ESB’s major thrust, it is 
apparent that much of ESB’s technical expertise 
has direct application in the medical field. 





ESB Medcor’s Pacer-Check Medic Unit 


m A unique, new pacer electrode will be introduced at the 
American Heart Association meeting in Atlantic City, N.J. 
m Visit us at booth C17-18 for a firsthand look. 
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Medcor, Inc., anew name in medical electron- 
ics, has brought together some of the finest 
and most experienced technical talent in the field 
of cardiac pacing. This group has developed a 
line of pacer related products, including a unique 
heart pacer which utilizes a ‘fail-safe’ battery 
system and minimum current drain circuit to 
achieve greater reliability and longer life. 

ESB Medcor, Inc. unites the strengths of both 
companies, and offers a systems approach to the 
treatment of pacer patients through its advanced 
cardiac pacers and the Pacer-Check System. 

For further information about ESB Medcor, Inc. 
write: P.O. Box 6699, Hollywood, Florida 33021. 
Or call: (305) 791-8310. 





ESB Medcor’s Pacer-Check Patient Unit 
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acute anginal attacks 

to reduce the frequency 
and severity of anginal 
episodes often caused by 
unavoidable everyday 
stress 


(ISOSORBIDE DINITRATE) 


SUBLINGUAL TABLETS: 2.5 mg. and 5 mg. 







* Indications: Based on a review of this drug 
by the National Academy of Sciences—Na- 
tional Research Council and/or other infor- 
mation, FDA has classified the indication as 
follows: 

"Probably" effective: When taken by the 
sublingual route, Isordil Sublingual is indi- 
cated for the treatment of acute anginal 
attacks and for prophylaxis in situations 
likely to provoke such attacks. 

Final classification of the less-than-effective 
indications requires further investigation. 














Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may 
occur. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
hance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 
May we send you reprints, detailed information 
and/or professional samples? 

Ives 
New York, N.Y. 10017 ® 
DEDICATED TO IMPROVING THE QUALITY OF 
LIFE, THROUGH MEDICINE 


Adapted from: Kasparian H, Najmi M, Likoff W: 
Laboratory Evaluation of Coronary Artery Disease, 
Scientific Exhibit, AMA Convention, Chicago, III, 
June 1966. 
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THERMODILUTION 


Using room temperature indicator! 


THERMODILUTION CARDIAC 


OUTPUT METER AND 
INTEGRATOR 


€ An intermediate instrument between the simple 
bridge and full scale computer. 

® Battery operated—no shock hazards. Rechargeable. 

€ Will work with any thermistor catheter on the market; 
including Swan-Gantz balloon flow-directed catheter. 

@ Equipped with a recorder output. 

€ Provides information on the area under the dilution 
curve. (Extrapolates the dilution curve!) 

@ Price: $1,400.00. 
















CARDIAC OUTPUT COMPUTER 


woes mest 


d c" "i 





THERMO AND DYE DILUTION 
CARDIAC OUTPUT COMPUTER 


€ Equipped with Thermodilution and/or Dye Dilution 
Densitometer 

Easy calibration, automatic zeroing. 

Remote control by foot switch. 

Digital readout in L/min. 

Recorder outputs. 


COLUMBUS INSTRUMENTS 


I Div. cf International Instruments Co. 








P. O. Box 5244 Columbus, Ohio 43212 
Telephone: (614) 488-6176 


Enduron 


METHYCLOTHIAZIDE TABLETS 


ABBOTT 





Brief Summary 


CONTRAINDICATIONS: Anuria. ; 

Lain iod to this or other sulfonamide-derived drugs. 

The routine use of diuretics in an otherwise healthy pregnant woman 
with or without mild edema is contraindicated and possibly hazardous. 


WARNINGS: Should be used with caution in severe renal disease. 
In patients with renal disease, thiazides may precipitate azotemia. 
Cumulative effects cf the drug may develop in patients with 
impaired renal function. 

Thiazides should be used with caution in patients with impaired 
hepatic function or progressive liver disease, since minor alterations 
of fluid and electrolyte balance may precipitate hepatic coma. 

Thiazides may be additive or potentiative of the action of other 
antihypertensive drugs. Potentiation occurs with ganglionic or 
peripheral adrenergic blocking drugs. 

Sensitivity reactions may occur in patients with a history of allergy 
or bronchial asthma. 

The possibility of exacerbation or activation of systemic lupus 
erythematosus has been reported. 


USAGE IN PREGNANCY: Usage of thiazides in women of childbearing 
age requires that the potential benefits of the drug be weighed 

against its possible hazards to the fetus. These hazards include fetal 

or neonatal jaundice, thrombocytopenia, and possibly other adverse 
reactions which have occurred in the adult. 


NURSING MOTHERS: Thiazides cross the placental barrier and 
appear in cord blood and breast milk. 


PRECAUTIONS: Periodic determination of serum electrolytes to 
detect possible electrolyte imbalance should be performed at 
appropriate intervals. 

All patients receiving thiazide Here should be observed for _ 
clinical signs of fluid or electrolyte imbalance; namely, hyponatremia, 
hypochloremic alkalosis, and hypokalemia. Serum and urine electrolyte 
determinations are particularly wapare when the patient is vomiting 
excessively or receiving parenteral fluids. Medication such as digitalis 
may also influence serum electrolytes. Warning signs, irrespective of 
cause, are: Dryness of mouth, thirst, weakness, lethargy, drowsiness, 
restlessness, muscle pains or cramps, muscular fatigue, hypotension, 
oliguria, tachycardia, and gastrointestinal disturbances such as 
nausea and vomiting. 

Hypokalemia may develop with thiazides as with any other potent 
diuretic, especially with brisk diuresis, when severe cirrhosis is present, 
or during concomitant use of corticosteroids or ACTH. 

Interference with adequate oral electrolyte intake will also contribute 
to hypokalemia. Digitalis therapy may exaggerate metabolic effects 
of hypokalemia especially with reference to myocardial activity. 

Any chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circumstances (as in 
liver disease or renal disease). Dilutional hyponatremia may occur in 
edematous patients in hot weather; appropriate therapy is water 
restriction, rather than administration of salt except in rare instances 
when the hyponatremia is life threatening. 

In actual salt depletion, appropriate replacement is the therapy 
of choice. 

Hyperuricemia may occur or frank gout may be precipitated in 
certain patients receiving thiazide therapy. 

Insulin requirements in diabetic patients may be increased, 
decreased, or unchanged. Latent diabetes mellitus may become 
manifest during thiazide administration. 

Thiazide drugs may increase the responsiveness to tubocurarine. 

The antihypertensive effects of the drug may be enhanced in the 
postsympathectomy patient. 

Thiazides may decrease arterial responsiveness to norepinephrine. 
This diminution is not sufficient to preclude effectiveness of the 
pressor agent for therapeutic use. 

If progressive renal impairment becomes evident as indicated by a 
tising nonprotein nitrogen or blood urea nitrogen, a careful 
reappraisal of therapy is necessary with consideration given to 
withholding or discontinuing diuretic therapy. 

Thiazides may decrease serum PBI levels without signs of thyroid 
disturbance. 


ADVERSE REACTIONS: Gastrointestinal system reactions: Anorexia, 
gastric irritation, nausea, vomiting, cramping, diarrhea, constipation, 
jaundice (intrahepatic cholestatic jaundice), pancreatitis. 

Central nervous sytem reactions: Dizziness, vertigo, paresthesias, 
headache, xanthopsia. 

Hematologic reactions: Leukopenia, agranulocytosis, thrombocytopenia, 
aplastic anemia. 

Dermatologic—hypersensitivity reactions: Purpura, photosensitivity, 
rash, urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculitis). 

Cardiovascular reaction: Orthostatic hypotension may occur and may 
be aggravated by alcohol, barbiturates, or narcotics. 

Other: Hyperglycemia, glycosuria, hyperuricemia, muscle spasm, 
weakness, restlessness. 

Whenever adverse reactions are moderate or severe, thiazide 
dosage should be reduced or therapy withdrawn. 


For more detailed information, consult your Abbott representative, 

or write: 

Abbott Laboratories, Dept. 321 

North Chicago, IL60064 309462 


“The less often a patient has to take medic on 
the more likely he is to be faithful to your recien 


Freis, Edward D., Hypertension 1973, Patient Care, April 15, 1973. 


Ps eis 





Enduron helps your patient remain faithful to your regimen because it couldn't be 
simpler. Once in the morning provides 24-hour pharmacological action . . . 
around the clock management of his hypertension. 


A long-acting, potent diuretic . . . once a day 


methyclothiazide tablets, N.F. 


See opposite page for Brief Summary 309462 


s Sublingua 
Nitroglycerin 


still the drug of choice 
for acute angina? 


Most physicians agree that of the nitrates 
available for the relief of acute angina pectoris, 
sublingual nitroglycerin remains the drug of 
choice. However, nitroglycerin is an unstable 
compound that can migrate from tablet to tablet, 
from tablet to cotton packing, from tablet to air. 

And your patient may end up with too little 
nitroglycerin — just when its needed most. To help 
solve this problem, Parke-Davis has developed 
Nitrostat, a stabilized sublingual nitroglycerin. 


Nitrostat offers 
these important 


benefits: + Rapid relief of pain 
* Predictable patient response 
* Uniform potency from tablet to tablet 
e Stable sublingual dosage 
* Reliable in clinical confirmation of 
angina pectoris 





So whenever youre confronted by a patient 
with acute angina, think nitroglycerin. But 
write Nitrostat. 


N ITROSTAT.. eethe dependable nitroglycerin 


(nitroglycerin tablets, USP) 
Sublingual Tablets 


PARKE-DAVIS Parke, Davis & Company 
PD-JA-1045-1P (E-73] Detroit, Michigan 48232 
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RESSURE-SCRIBE™ 


SERIES 3000 ELECTROCARDIOGRAPH with P 
duces tracings that are superior | 


recording, Pro 
of EKG recording process. 


to any other type 
Marquette 


worldwide 


n readability 


biomedical systems. - 


Street, Milwaukee. Wisconsin 53209 
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Mead Johnson announces 


anew way to lower 
with unsurpassed 
and safety 


QUESTRAN 


(CHOLESTYRAMINE) - 





* Please see following pages for indications and prescribing information. 





‘serum cholesterol 
efficacy 








QUESTRAN 


(CHOLESTYRAMINE) 





anew way to lower 
serum cholesterol 


Questran (cholestyramine) 
acts by increasing bile 
acid excretion 


Questran, a basic anion exchange resin, 
works by binding bile acids in the intestine, 
thus increasing their excretion in the feces. 
Since the source of bile acids is liver choles- 
terol, more cholesterol must then be oxidized 
or into bile acids to replace those lost. Hence, 
as fecal bile acid levels rise, serum choles- 
terol levels fall.' 


Questran (cholestyramine) 
provides safety by acting 
only inthe Gl tract 


Questran is water-insoluble and is not ab- 
sorbed from the GI tract (as demonstrated 
by studies with C'"-cholestyramine). Thus, 
Questran does not directly affect metabolic 
processes or have any cumulative effect— 
both important safety considerations in long- 
term therapy.’ 
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for type il patients 


-anew level of clinical 
efficacy 





Cholesterol (mg./100 ml.) 
m 
Arum 


150 


Medication A 


period 


400 


3004 


2004 


Cholesterol (mg./100 ml.) 





100 


Effect of Questran and diet versus diet with or without placebo 
in 47 type II hypercholesteremic patients? 






diet with or Questran A—diet only 
341 without placebo and diet B— diet and placebo 
333 325 C—diet and Questran 
D—diet only 





A B C D 
3weeks 4 weeks 4 weeks 3 weeks 
Mean LDL or betalipoprotein 
(as cholesterol) levels 


B C D 
3 weeks 4 weeks 4 weeks 3 weeks 
Mean plasma cholesterol levels 


Effect of Questran versus clofibrate in 10 type I! hypercholesteremic patients? 


ne clofibrate gu Questran 


placebo 


351 


Mean cholesterol levels 


Mean betalipoprotein or LDL 
cholesterol levels 


Questran (cholestyramine) 
Surpasses diet in efficacy 


A double-blind crossover study comparing 
Questran with placebo in 47 patients on diet 
(38 with Type lla and 9 with IIb hyperlipopro- 
teinemia) over a 14-week period showed that 
Questran lowered plasma cholesterol 20.6% 
and LDL cholesterol 27.2%. Values obtained 
with placebo did not differ significantly from 
control values.’ 


Questran sls atia 
Surpasses clofibrate in efficacy 


A double-blind study comparing Questran 
with clofibrate in the same 10 patients with 
Type Il hyperlipoproteinemia showed that 
plasma cholesterol and LDL cholesterol were 
lowered with clofibrate by 11% and 4.6% 
respectively. On the other hand, Questran 
produced about a three- to eight-fold greater 
response by lowering plasma cholesterol 
28% and (LDL cholesterol) 38% respec- 
tively.’ 


Please see last page for prescribing information. 
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QUESTRAN 


(CHOLESTYRAMINE) 


therapy of choice” in type Il hyperlipoproteinemia 


“Type ll is potentially the most dangerous of the hyperlipoproteinemias... 
and is the most difficult to manage with diet alone: 


“Type lla is best treated by a combination of diet and cholestyramine.” 


| VERYRARE - 1 TIN RELATIVELY UNCOMMON 
; Normal or slightly - Eleve erc Elevated cholesterol 
mori | and triglycerides 


S Creamy layer over : E x 
... clear a sara yh y A | Poepie et 


n —-- Diet and dofibrate 


| “There is currently no Hoe ob | "Clofibrate is effective 

| helpful drug therapy for | with diet is ¢ especially when coupled 

i - pps | effective than with therapeutic diet."* 
^ "2 


IV COMMON — 
Frequently normal 
cholesterol; elevated 


. triglycerides 


“In many instances diet 


alone will normalize 
the plasma lipids."* 


— V UNCOMMON 
- Elevated cholesterol - 


. and triglycerides 


.. Creamy layer over 
turbid i nfanatant 


“Nicotinic acid appears 


to be the more effective 
of the two drugs."'5 





Dosage: One 4-gm. packet 
or scoopful dissolved 

in water three 

or four times daily. 


QUESTRAN* (CHOLESTYRAMINE) 


DESCRIPTION 
Questran Powder contains cholestyramine, the chloride salt of a basic anion ex- 
change resin. This resin is a large polymer which contains quaternary ammonium 
groups attached to a styrene-2% divinylbenzene skeleton. Nine grams of Questran 
is equivalent to 4 grams of cholestyramine resin 


ACTIONS 
Cholesterol is the major, and probably the sole precursor of bile acids. During normal 
digestion, bile acids are secreted via the bile from the liver and gall bladder into the 
intestines. Bileacids emulsify the fatand lipid materials present in food, thus facilitating 
absorption. A major portion of the bileacids secreted is reabsorbed from the intestines 
and returned via the portal circulation to the liver, thus completing the enterohepatic 
cycle. Only very small amounts of bile acids are found in normal serum. 

Cholestyramine resin absorbs and combines with the bile acids in the intestine to 
form an insoluble complex which is excreted in the feces. This results in a contin- 
uous, though partial, removal of bile acids from the enterohepatic circulation by 
Preventing their reabsorption 

Since cholestyramine is an anion exchange resin, the chloride anion attached to 
the quaternary ammonium groups of the resin can be replaced by other anions, 
usually those with a greater affinity for the resin than chloride ion. Bile acids are 
strongly bound by the resin as are some other acidic anions. In contrast, neutral or 
basic compounds are usually less firmly bound. 

Cholestyramine is quite hydrophilic, but it is not soluble in water nor is it hydro- 

lyzed by digestive enzymes. The cholestyramine in Questran is not absorbed from 
the intestinal tract 
Questran in reduction of serum lipid levels: 
The increased fecal loss of bile acids due to Questran administration leads to an 
increased oxidation of cholesterol to bile acids, a decrease in beta lipoprotein or 
low density lipoprotein plasma levels and a decrease in serum cholesterol levels 
Although in man Questran produces an increase in the hepatic synthesis of choles- 
terol, plasma cholesterol levels fall. 

Evidence has been gathered to show that this fall in cholesterol is secondary to 
an increased rate of clearance or removal of cholesterol rich lipoproteins (beta or 
low density lipoproteins) from the plasma. Serum triglyceride levels may increase 
or remain unchanged in cholestyramine-treated patients. 

Questran in pruritus due to partial biliary obstruction: 
When the secretion of bile is partially blocked, the concentration of bile acids in the 
serum rises. 

In patients with partial biliary obstruction, the reduction of serum bile acid 
levels by cholestyramine resin through increasing fecal bile acid excretion is thought 
to also reduce excess bile acids deposited in the dermal tissues with resultant 
decrease in pruritus. 

INDICATIONS 


Questran (cholestyramine) is indicated: 

1. As adjunctive therapy to diet in the management of patients with elevated choles- 
terol levels dueto primary type Il hyperlipoproteinemia (patients with pure hyper- 
cholesterolemia). Cholestyramine has been shown to have no effect or to increase 
triglyceride and often cholesterol levels in subjects with hypertriglyceridemia or 
certain types of combined hypercholesterolemia and hypertriglyceridemia (types 
|, Ill, IV and V hyperlipoproteinemia) and is therefore not suitable for use in these 
disorders 

2. For the relief of pruritus associated with partial biliary obstruction. Patients 
with primary biliary cirrhosis may exhibit an elevated cholesterol as part of 
their disease. When cholestyramine resin is used to treat the pruritus of partial 
biliary obstruction it may lower the serum cholesterol levels in some patients, 
produce no change. or cause a rapid escape from a temporary lowering to 
pre-treatment levels or rebound 


AN IMPORTANT NOTE: It has not been established whether drug-induced 
lowering of serum cholesterol or other lipid levels has a detrimental, a bene- 
ficial, or no effect on the morbidity or mortality due to atherosclerosis or 
coronary heart disease. Several years will be required before current investi- 
gations can yield an answer to this question. 


CONTRAINDICATIONS 
Questran is contraindicated in those individuals who have shown hypersensitivity 
to any of its components 
Questran is contraindicated in patients with COMPLETE biliary obstruction where 
bile is not secreted into the intestine 


WARNINGS: 
CHOLESTYRAMINE RESIN SHOULD NOT BE TAKEN IN ITS DRY FORM. ALWAYS 
MIX CHOLESTYRAMINE RESIN WITH WATER OR OTHER FLUIDS BEFORE INGESTING 


Use in Pregnancy 

The use of cholestyramine resin in pregnancy or lactation or by women of child- 
bearing age requires that the potential benefits of drug therapy be weighed against 
the possible hazards to the mother and child. The safe use of cholestyramine 
resin by pregnant women has not been established. 

Use in Children 

As experience in infants and children is limited, a practical dosage schedule has not 
been established 


The effects of long term drug administration, as well as its effect in maintaining 
lowered cholesterol levels in pediatric patients, are unknown 


PRECAUTIONS 
Because it sequesters bile acids, cholestyramine resin may interfere with normal 
fat absorption and thus may prevent absorption of fat soluble vitamins such as 
A, D and K. If cholestyramine resin is to be given for long periods of time, supple- 
mental vitamin A and D should be given daily in a water-miscible form or admin- 
istered parenterally. 

Chronic use of cholestyramine resin may be associated with increased bleeding 
tendency due to hypoprothrombinemia associated with vitamin K deficiency. This 
will usually respond promptly to parenteral vitamin K: and recurrences can be 
prevented by oral administration of vitamin K. . 

SINCE CHOLESTYRAMINE RESIN MAY BIND OTHER DRUGS GIVEN CONCURRENTLY, 
THE INTERVAL BETWEEN THE ADMINISTRATION OF CHOLESTYRAMINE RESIN 
AND ANY OTHER MEDICATION SHOULD BE AS GREAT AS IS FEASIBLE. PATIENTS 
SHOULD TAKE OTHER DRUGS AT LEAST ONE HOUR BEFORE OR FOUR TO SIX 
HOURS AFTER CHOLESTYRAMINE RESIN TO AVOID IMPEDING THEIR ABSORPTION 

Questran (cholestyramine) may interfere with normal fat digestion if administered 
in large doses. 

Serum triglyceride levels should be measured periodically to ensure that signif- 
icant changes have not occurred 

There is a possibility that prolonged use of cholestyramine, since it is a chloride 
form of anion exchange resin, may produce hyperchloremic acidosis. This would 
especially be true in younger and smaller patients where the relative dosage may 
be higher. 

Cholestyramine may produce or severely worsen pre-existing constipation. In 
patients with constipation, decrease the dosage of cholestyramine resin since it 
may produce impaction. 

In patients whose use of Questran will be as a cholesterol lowering agent gastro- 
intestinal dysfunction should be evaluated prior to the use of this preparation. In 
these patients effort should be made to avert severe constipation and its inherent 
problems especially in those with clinically symptomatic coronary artery disease 


ADVERSE REACTIONS 

The most common adverse reactions are confined to the gastrointestinal tract. Con- 
stipation is the major single complaint and at times is severe and occasionally 
accompanied by fecal impaction and/or hemorrhoids with or without bleeding. Pre- 
disposing factors for most of these complaints when used as cholesterol lowering 
agent are high dose (more than 24 gm./d.), and increased age (more than 60 years 
old). Most instances of constipation are mild, transient, and controlled with stan- 
dard treatment. Some patients require a temporary decrease in dosage or discon- 
tinuation of therapy. 

Less frequent gastrointestinal complaints are: abdominal discomfort (abdominal 
pain and distention), flatulence, nausea, vomiting, diarrhea. heart burn, anorexia, 
indigestive feeling and steatorrhea 

Bleeding tendencies due to hypoprothrombinemia (Vitamin K deficiency) as well 
as Vitamin A (one case of night blindness reported) and D deficiencies. 

Rash and irritation of the skin, tongue and perianal area 

Hyperchloremic acidosis in children, osteoporosis. 

One ten month old baby with biliary atresia had an impaction presumed to be due 
to cholestyramine resin after three days administration of 9 grams daily She 
developed acute intestinal sepsis and died 

Occasional calcified material has been observed in the biliary tree, including 
calcification of the gall bladder, in patients to whom cholestyramine resin has been 
given. However, this may be a manifestation of the liver disease and not drug related 

One patient experienced biliary colic on each of three occasions on which he 
took Questran. One patient diagnosed as acute abdominal symptom complex was 
found to have a “pasty mass" in the transverse colon on x-ray. 

Other events (not necessarily drug-related) reported in patients taking Questran 
include: Gl-rectal bleeding. black stools, hemorrhoidal bleeding, bleeding from 
known duodenal ulcer, dysphagia, hiccups, ulcer attack, sour taste, pancreatitis, 
rectal pain, diverticulitis. 

ic — Decreased prothrombin time, ecchymosis, anemia 
Cardiovascular—Claudication, xanthomas of hands and fingers, angina, arteritis, 
thrombophlebitis, myocardial infarction, myocardial ischemia, increased postpran- 
dial angina, chest pains 
Hypersensitivity — Urticaria, asthma, wheezing, shortness of breath 
Musculoskeletal — Backache, muscle and joint pains, arthritis. 
Neurologic — Headache, anxiety, vertigo. dizziness, fatigue. tinnitus, syncope, drow- 
siness, femoral nerve pain, paresthesia 
Eye—Arcus juvenilis, uveitis 
Renal —Hematuria, dysuria, burnt odor to urine, diuresis 
Miscellaneous — Weight loss, weight gain, increased libido, swollen glands. edema 
dental bleeding. 


DRUG INTERACTIONS. 
Since cholestyramine is an anion exchange resin. Questran may have a strong 
affinity for acidic materials and may also absorb neutral or, less likely. basic 
materials to some extent. Therefore cholestyramine resin may delay or reduce 
the absorption of concomitant oral medication such as phenylbutazone. war- 
farin, cholorothiazide (acidic), as well as tetracycline. phenobarbital, thyroid and 





thyroxine preparations, and digitalis. The discontinuance of the cholestyramine res- 
in could pose a hazard to health if a potentially toxic drug such as digitalis has been 
titrated to a maintenance level while the patient was taking cholestyramine resin. 


DOSAGE AND ADMINISTRATION 

Usual dose for use as either an adjunct to dietary management of elevated choles- 

terol levels or for pruritus of partial biliary obstruction. 

The recommended initial adult dose is one packet or one scoopful (containing 

4 gm. of cholestyramine resin in 9 grams of Questran) three times daily before 

meals. Dosage may be adjusted as required to meet the patient's needs. The usual 

maintenance dose is 4 gm. of cholestyramine resin (9 gm. Questran) three times a 

day (before meals) or four times a day (before meals and at bedtime) 

Questran should not be taken in its dry form. Always mix Questran powder with water or 

other fluids before ingesting. 

Usage in children: 

The dosage in infants and children has not been established. Initiate therapy 
with small doses. Subsequent adjustment of dosage should be made depending 
upon the clinical or laboratory response and the benefit/risk ratio. 

For use in cholesterol lowering 

1. Define the type of hyperlipoproteinemia 

2.A trial of diet, weight reduction etc. should be instituted before therapy with 
Questran. 

3. Baseline cholesterol levels should be established 

4. The patient should be carefully monitored both clinically and with serum choles- 
terol levels. 

5. Failure of cholesterol to fall or a significant rise in triglyceride level should be 
considered as indications to discontinue medication. 

6. In the original clinical trials some investigators used more than the usual 16 
gms. of cholestyramine per day. If the patient takes more than 24 gm. of 
cholestyramine resin per day (6 packages or 6 scoopsful), he should be observed 
for increased side effects. 


PREPARATION 

1. Place the contents of one packet or one level scoopful of Questran on the 
surface of 4-6 fluid ounces of the preferred beverage (water, milk, orange or 
pineapple juice or other fruit juice) 

2. Allow to stand without stirring for one to two minutes, twirling the glass occasion- 
ally. (Questran absorbs moisture, and lumping can be avoided by permitting it 
to hydrate for approximately one minute before stirring.) 

3. Stir to obtain a uniform suspension, 

4. Rinse the glass with additional fluid to ensure taking the full amount 


ALTERNATIVE METHODS OF PREPARATION 

1. If preferred, Questran (cholestyramine) may be mixed with highly fluid soups, or 
pulpy fruits witha high moisture content, such as applesauce or crushed pineapple. 

2. Questran may also be mixed with carbonated beverages, if care is exercised. The 
many small powder particles promote the liberation of carbon dioxide (CO; ) from 
carbonated beverages, and excessive foaming may result. This is controllable if 
a large glass is used, and if the mixture is stirred slowly. 


HOW SUPPLIED 


Questran is available in cartons of 50 packets or in cans. Each 9 gram packet or 
level scoopful (9 grams) supplies 4 gm. of active ingredient 

Bibliography available by writing to Medical Research Department, Mead Johnson 
Laboratories, Evansville, Indiana 47721 
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The influence of anxiety on heart function 


Excessive anxiety is one of a combina- 
tion of factors that may trigger a series of 
maladaptive functional reactions which can 
generate further anxiety. Often involved in 
this vicious circle are some cardiac arrhyth- 
mias, paroxysmal supraventricular tachycar- 
dia and premature systoles. When these 
symptoms resemble those associated with 
actual organic disease, the overanxious 
patient needs reassurance that they have no 


Before prescribing, please consult complete product information, 
a summary of which follows: 

Indications: Relief of anxiety and tension occurring alone or accom- 
panying various disease states. 

Contraindications: Patients with known hypersensitivity to the drug. 

Warnings: Caution patients about possible combined effects with alco- 
hol and other CNS depressants. As with all CNS-acting drugs, caution patients 
against hazardous occupations requiring complete mental alertness (e.g., oper- 
ating machinery, driving). Though physical and psychological dependence 
have rarely been reported on recommended doses, use caution in administer- 
ing to addiction-prone individuals or those who might increase dosage; with- 
drawal symptoms (including convulsions), following discontinuation of the 
drug and similar to those seen with barbiturates, have been reported. Use of 
any drug in pregnancy, lactation, or in women of childbearing age requires 
that its potential benefits be weighed against its possible hazards. 

Precautions: In the elderly and debilitated, and in children over six, 
limit to smallest effective dosage (initially 10 mg or less per day) to preclude 
ataxia or oversedation, increasing gradually as needed and tolerated. Not rec- 
ommended in children under six. Though generally not recommended, if 
combination therapy with other psychotropics seems indicated, carefully 
consider individual pharmacologic effects, particularly in use of potentiating 
drugs such as MAO inhibitors and phenothiazines. Observe usual precautions 
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organic basis and that reduction of exces- 
sive anxiety and emotional overreaction 
would be medically beneficial. 


The benefits of antianxiety therapy 


Antianxiety medication, when used to 
complement counseling and reassurance, 
should be both effective and comparatively 
free from undesirable side effects. More than 
13 years of extensive clinical experience has 
demonstrated that Librium (chlordiazepox- 
ide HCl) fulfills these requirements with a 
high degree of consistency. Because of its 
wide margin of safety, Librium may generally 
be administered for extended periods, at the 
physician’s discretion, without diminution 
of effect or need for increase in dosage. (See 
summary of prescribing information.) If 
cardiovascular drugs are necessary, Librium 
is used concomitantly whenever anxiety is a 
clinically significant factor. (See Pre- 
cautions.) Librium should be discontinued 
when anxiety has been reduced to appropri- 
ate levels. 


in presence of impaired renal or hepatic function. Paradoxical reactions 
(e.g., excitement, stimulation and acute rage) have been reported in psychi- 
atric patients and hyperactive aggressive children. Employ usual precautions 
in treatment of anxiety states with evidence of impending depression; suicidal 
tendencies may be present and protective measures necessary. Variable effects 
on blood coagulation have been reported very rarely in patients receiving the 
drug and oral anticoagulants; causal relationship has not been established 
clinically. 

Adverse Reactions: Drowsiness, ataxia and confusion may occur, espe- 
cially in the elderly and debilitated. These are reversible in most instances by 
proper dosage adjustment, but are also occasionally observed at the lower 
dosage ranges. In a few instances syncope has been reported. Also encountered 
are isolated instances of skin eruptions, edema, minor menstrual irregularities, 
nausea and constipation, extrapyramidal symptoms, increased and decreased 
libido—all infrequent and generally controlled with dosage reduction; changes 
in EEG patterns (low-voltage fast activity) may appear during and after treat- 
ment; blood dyscrasias (including agranulocytosis), jaundice and hepatic dys- 
function have been reported occasionally, making periodic blood counts and 
liver function tests advisable during protracted therapy. 

Supplied: Librium? Capsules containing 5 mg, 10 mg or 25 mg chlor- 
diazepoxide HCI. Libritabs® Tablets containing 5 mg, 10 mg or 25 mg 
chlordiazepoxide. 


For relief of 


excessive anxiety 


Libri 


adjunctive 


rium 10mg 
(chlordiazepoxide HOD" 
lor2 capsules t.i.d./q.i.d. 


Roche Laboratories 


Division of Hoffmann-La Roche Inc. 


Nutley, N.J. 07110 
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Two new action systems facilitate treatment 


New for continuous infusion 


Xylocaine (lidocaine) HCl 40 mg per ml 


e Single-use vial 
* New concentration, 40 mg per ml 


* Two new package sizes 
provide dosage flexibility 





Unique 
disposable transfer unit 
enclosed in each package 


* No more aspirating—provides a closed 
system for faster, easier transfer of 
Xylocaine to I. V. solutions. 

* Pre-sterilized. 

* Functions with or without vacuum. 





of life-threatening cardiac arrhythmias 


New for ““bolus’’administration 


Xylocaine (lidocaine) HCI 
intravenous 
prefilled syringe 








* Ready to use in seconds 

simply thread rod into plunger, 
break seal, remove needle guard and 
it functions like a standard syringe. 















© Provides accepted “stat” dose range 
contains 100 mg Xylocaine, 
graduated for accurate dosage variations. 


è Sterility maintained until moment of use 
permits storage at critical use areas. 


Please read with care the 
Brief Summary on the following page. 


Xylocaine (idocaing HCI intravenous for = 
acute management of life-threatening arrhythmias 


TABLEI 
Composition of available solutions 


Composition* 


Xylo- | Sodium 
caine HCI | Chloride 
(mg per| (mg per 
ml) D 
5 ml (100 mg) prefilled syringe 20 
5 ml (100 mg) ampule 20 
25 ml (One Gram) single use vial 40 
50 ml (Two Grams) single use vial 40 


*pH of all solutions adjusted to USP limits with sodium hydroxide. . 
All containers are for single use: solutions do not contain preservatives. 


ACTIONS 


Xylocaine (lidocaine) has been reported to exert an anti- 
arrhythmic effect by increasing the electrical stimulation threshold 
of the ventricle during diastole. In usual therapeutic doses 
Xylocaine produces no change in myocardial contractility, in 
systemic arterial pressure or in absolute refractory period. 

Approximately 90% of an administered dose of Xylocaine is 
metabolized in the liver. The remainder (10% ) of the drug is 
excreted unchanged via the kidneys. 









Dosage Form 









For Direct 
Injection 


For Preparation 
of Infusion 
Solutions 


CONTRAINDICATIONS 


Xylocaine is contraindicated (1) in patients with a known history 
of hypersensitivity to local anesthetics of the amide type; and 

(2) in patients with Adams-Stokes syndrome or with severe 
degrees of sinoatrial, atrioventricular or intraventricular block. 


WARNINGS 


Constant monitoring with an electrocardiograph is essential in the 
proper administration of Xylocaine intravenously. Signs of 
excessive depression of cardiac conductivity, such as prolongation 
of PR interval and QRS complex and the appearance or aggrava- 
tion of arrhythmias, should be followed by prompt cessation of 
the intravenous infusion of this agent. It is mandatory to have 
emergency resuscitative equipment and drugs immediately 
available to manage possible adverse reactions involving the 
cardiovascular, respiratory or central nervous systems. 

Evidence for proper usage in children is limited. 


PRECAUTIONS 


Caution should be employed in the repeated use of Xylocaine 
(lidocaine) in patients with severe liver or renal disease because 
accumulation may occur and may lead to toxic phenomena, since 
Xylocaine is metabolized mainly in the liver and excreted by the 
kidney. The drug should also be used with caution in patients 
with hypovolemia and shock, and all forms of heart block (see 
CONTRAINDICATIONS and WARNINGS). 

In patients with sinus bradycardia the administration of 
Xylocaine intravenously for the elimination of ventricular ectopic 
beats without prior acceleration in heart rate (e.g. by 
isoproterenol or by electric pacing) may provoke more frequent 
and serious ventricular arrhythmias. 


ADVERSE REACTIONS 


Systemic reactions of the following types have been reported. 
(1) Central Nervous System: lightheadedness; drowsiness; 
dizziness; apprehension; euphoria; tinnitus; blurred or double 


vision; vomiting; sensations of heat, cold or numbness; 
twitching; tremors; convulsions; unconsciousness; and respiratory 
depression and arrest. 
(2) Cardiovascular System: hypotension; cardiovascular collapse; 
and bradycardia which may lead to cardiac arrest. 
There have been no reports of cross sensitivity between 
Xylocaine and procainamide or between Xylocaine and quinidine. 


MANAGEMENT OF ADVERSE REACTIONS 


1. In the case of severe reaction discontinue the use of the drug. 

2. Institute the emergency resuscitative procedures and administer 
the emergency drugs necessary to manage the severe reaction. 

3. For severe convulsions, small doses of an ultrashort-acting 
barbiturate or a short-acting muscle relaxant (if the patient is 
under anesthesia) may be used. 


DOSAGE AND ADMINISTRATION 


Single Injection: Only the 5 ml dosage size should be used for 
direct injection. The usual dose is 50 to 100 mg administered 
intravenously under ECG monitoring. This dose may be 
administered at the rate of approximately 25 to 50 mg/min. 
Sufficient time should be allowed to enable a slow circulation to 
carry the drug to the site of action. If the initial injection of 50 
to 100 mg does not produce a desired response, a second dose 
may be repeated after 5 minutes. 

NO MORE THAN 200 TO 300 MG OF XYLOCAINE 
(LIDOCAINE) SHOULD BE ADMINISTERED DURING A 
ONE HOUR PERIOD. 

In children experience with the drug is limited. 


Continuous Infusion: Following a single injection, using a 5 ml 
dosage size, in those patients in whom the arrhythmia tends to 
recur and who are incapable of receiving oral antiarrhythmic 
therapy, intravenous infusions of Xylocaine may be administered 
at the rate of 1 to 4 mg/min. (20 to 50 ug/kg/min. in the average 
70 kg man). Intravenous infusions of Xylocaine must be admin- 
istered under constant ECG monitoring to avoid potential 
overdosage and toxicity. Intravenous infusion should be termi- 
nated as soon as the patient's basic cardiac rhythm appears to be 
stable or at the earliest signs of toxicity. It should rarely be 
necessary to continue intravenous infusions beyond 24 hours. 
As soon as possible, and when indicated, patients should be 
changed to an oral antiarrhythmic agent for maintenance therapy. 

Solutions for intravenous infusion may be prepared by the 
addition of one gram of Xylocaine to one liter of 596 dextrose in 
water, the preferred diluent. Approximately a 0.1% solution will 
result from this procedure; that is, each ml will contain 
approximately 1 mg of Xylocaine. Thus, 1 to 4 ml/min. will 
provide 1 to 4 mg of Xylocaine/ min. 

In those cases in which fluid restriction is medically desirable, 
a more concentrated sclution may be prepared. 

Please consult package literature for dosage and dilution 
instructions for Xylocaine intravenous infusion solutions. 

Xylocaine should not be added to blood transfusion assemblies. 


HOW SUPPLIED 


For direct injection Xylocaine (lidocaine) hydrochloride without 
preservatives is supplied in 5 ml (100 mg) ampules and in 5 ml 
(100 mg) prefilled syringes. 

For preparing intravenous infusion solutions, Xylocaine without 
sodium chloride or preservatives is supplied in one and two gram 
single use vials. Each vial is packed with a pre-sterilized 
transfer unit. 


ANTEA 


ASTRA PHARMACEUTICAL PRODUCTS, INC. 
Worcester, Massachusetts 01606 
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You won't be able to borrow this book. 
Better own your oun. 







Laragh's 
Hypertension Manual 


Edited by John H. Laragh, M.D., of the 
College of Physicians and Surgeons, 
Columbia-Presbyterian in New York. 

A classic treatise for understanding, 
diagnosing and treating hypertension. 


Chapters by: 


O John Laragh on The Renin System in Cau- 
sation and on Evaluation of Hypertensive 
Patients. 

Sir George Pickering on Definitions, Natu- 
ral Histories and Consequences. 

Louis Tobian on Experimental Mechanisms 
Arthur Guyton on Control Mechanisms 
Edward Freis on Why, When, and How to 
Treat. 

Edward Biglieri on Diagnosis of Adrenocor- 
tical Hypertension 

Harriet Dustan on Hemodynamic 
Mechanisms 

Jay Cohn on Hypertension and the Heart 
Hans Brunner on Renin as a Risk Factor 





S 


ZG Approximately 900 pages, 150 illustrations. 
-—] Price: $37.00 
Ic» Ki Ready January, 1974. 
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Partial list of contributors: MERO EUN qu^ idus tu T oU nut 








O Intern, Resident, Student 
nS í (Special Price $35.00) 
r. Laragh's Hypertension Manual will un- ; ; 
doubtedly become the standard reference C] PUN UR 
L work in Hypertension. Use the attached t] Specialty 
form to place your order. This is the firstin a [.] Academic 
series of Yorke Medical Books—from the 
publishers of The American Journal of 
Cardiology, The American Journal of Medi- ADDRESS 
cine, The American Journal of Surgery, and 
Cutis. OO eae NC me aer emi arte i 
us appropriate Sales Tax if in New York State 


JohnH. Laragh J. C. Hunt ook 

Sir George Pickering F. R. Buhler | Bsa ganic , Ae 

E. A. Lew E. G. Biglieri 

E. D. Freis D. R. LaBarthe | New York, New York 10019 

A "s Eatin. ie e. | Send me, postage paid, copies of 
L. Tobian, Jr. C. R. Ayers | Laragh's Hypertension Manual: Mechanisms, 
H. P. Dustan J. A. Wilber Methods & Management. Price: $37.00* (For- 
J. N. Cohn J. Koch-Weser | eign, add $2.00 for postage and handling.) 

V. DeQuattro P. Kincaid-Smith 

J. Giese F. A. Finnerty 

A. R. Christlieb E. D. Vaughan | You will be billed later. 

A. F. Lever | 
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Grandpa 
hastwo hours | 
of angina protection. 


CHEWABLE 
SORBITRATE. - 


ISOSORBIDE DINITRATE SMG. = 


goes beyond the 
Benefits gite ais 
nitroglycerin. 





oe: 


^ 





For up to two hours of 
protection, your angina patient 
needs more than sublingual 
nitroglycerin. 

And Chewable Sorbitrate 
provides more. 


Acts almost as fast as 
nitroglycerin...lasts about 
4 times as long. 


0 5 10 30 1 hr. 2 hr. 


















NITROGLYCERIN SUBLINGUAL 
approximate onset of action... 
2 minutes 

approximate duration of action... 
20 to 30 minutes 


O More stable in air than 
sublingual nitroglycerin: 
it can be stored or carried with 
no significant loss of potency. 


C] And when indicated: Sorbitrate* 
(isosorbide dinitrate) 
Sublingual 5 mg. and 2.5 mg. 


SUMMARY OF PRESCRIBING INFORMATION 
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To elucidate the mechanisms of sudden death in the prehospital 
phase of acute myocardial infarction, the records of 84 patients with 
acute myocardial infarction transported by the mobile coronary care 
unit of Montgomery County, Maryland, were studied. Twenty patients 
(24 percent) had bradycardia, 10 receiving no pharmacologic thera- 
py other than narcotic drugs. All 20 survived transportation and hos- 
pitalization, whereas 7 of the 64 patients without bradycardia died. 
Ten (12 percent) had systolic blood pressure values of 90 mm Hg or 
less, and bradycardia was an associated finding in five. Thus, in a 
suburban-metropolitan population of the United States, bradycardia 
occurs frequently during the prehospital phase of acute myocardial 
infarction. Although the overall incidence of hypotension is low by 
the time a patient calls for medical aid, hypotension is not uncom- 
mon in patients with bradycardia. The therapeutic implications of 
these observations depend on an elucidation of the natural history of 
acute myocardial infarction with bradycardia in the presence and ab- 
sence of hypotension. 


The data collected by the mobile coronary care unit in Belfast, Ire- 
land, suggest that bradycardia frequently occurs shortly after the 
onset of acute myocardial infarction.1-? This observation has led to 
two hypotheses: (1) that bradycardia may be an important risk fac- 
tor during the prehospital phase of acute myocardial infarction by 
predisposing to the development of both serious arrhythmias?:4-® and 
hypotension,® and (2) that atropine, self-administered by the patient 
with bradycardia while he is awaiting the arrival of medical aid, 
might substantially reduce mortality.4 

The potential importance of the Belfast data is considerable. How- 
ever, although the initial observations were published more than 5 
years ago, no confirmatory studies have appeared from any other 
group. Indeed, the high frequency of bradycardia during the prehos- 
pital phase of acute myocardial infarction often has been challenged. 
We therefore attempted (1) to determine the incidence of bradycar- 
dia occurring shortly after the onset of acute myocardial infarction in 
patients transported by a mobile coronary care unit located in a sub- 
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FIGURE 1. Age (yr) of patients with acute myocardial infarction. 
Height of each bar indicates total number of patients within the 
group. Darkly shaded areas indicate number of patients who 
died. 


urban-metropolitan area of the United States, (2) to 
determine the incidence of hypotension occurring 
with and without bradycardia during this phase of 
acute myocardial infarction, and (3) to describe in 
some limited fashion the course of the patient treat- 
ed and transported by this mobile unit. 


Methods 


The Heartmobile: The Montgomery County Heartmo- 
bile serves Montgomery County, Maryland, a suburb of 
Washington, D.C. This mobile coronary care unit is di- 
rected to the patient by the Montgomery County Fire 
Board Fire and Rescue Service in response to any call for 
help involving a person who is unconscious or having chest 
pain or trouble in breathing, or who thinks he might be hav- 
ing a heart attack. It is staffed by a nurse, cardiovascular 
technician and driver and carries the appropriate equip- 
ment and drugs for cardiac monitoring and treatment. In 
addition, radio equipment is used to transmit continuous- 
ly to the physician-on-call the electrocardiogram of the 
patient the entire time he is under surveillance. The phy- 
sician also is in direct two-way contact with the nurse in 


TABLE | 


Incidence of Bradycardia and Death in Relation to Anatomic 
Site of Infarct 





Site of Infarct 





Antero- Subendo- Unde- 
Anterior septal Inferior cardial termined Total 


Total | 20(2495) 32 (38%) 28(3395) 3(4%) 1(190) 84 
Brady- 4(5%) 5(695) 11(13%) 0 0 20 (24%) 
cardia* 


Death; 2(2%) 2(2%) 3(4%) 0 0 7 (8%) 


* Bradycardia in prehospital phase of acute myocardial in- 
farction. 

t Death in prehospital and hospital phases of acute myo- 
cardial infarction. 


INITIAL HEART RATE IN PATIENTS WITH AMI 


NUMBER OF PATIENTS 
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INITIAL HEART RATE 
FIGURE 2. Initial heart rate (beats/min) of patients with acute 
myocardial infarction (AMI). Height of each bar indicates total 
number of patients within the group. Darkly shaded areas indi- 
cate number of patients who died. 





the Heartmobile. Upon arrival at the scene, the Heartmo- 
bile crew routinely administer oxygen and start a slow in- 
travenous infusion of 5 percent dextrose in water. No 
drugs are given except by direct order of the physician. 
The patient’s vital signs are examined when he is first 
seen and at least every 10 minutes thereafter. Once the 
patient is in a stable and comfortable condition, he is 
moved into the Heartmobile and transported to one of the 
nearby community hospitals equipped with a coronary 
care unit and medical house staff. 

The Heartmobile and hospital records of all patients 
seen from May 1970 through November 1971 were re- 
viewed. Patients were not routinely questioned about the 
duration of symptoms before the arrival of the mobile cor- 
onary care unit until the last few months of the study; 
these data are thus available for only the last 27 patients. 
Of these 27, 12 were seen within 1 hour of the onset of 
symptoms. 

Patient population: During the period of study a total 
of 413 patients were transported by the mobile coronary 
care unit. Fifty-six patients were excluded from the study: 
21 who requested transport to a peripherally located or 
military hospital, 32 who were without spontaneous respi- 
rations when the Heartmobile arrived, and 3 who had per- 
manently implanted cardiac pacemakers. Of the 357 who 
were not excluded for one of the reasons stated, 84 (24 
percent) had a documented acute myocardial infarction at 
the site listed in Table I. The age of these latter patients 
ranged from 35 to 90 years (mean 64) (Fig. 1). 


Results 


Of the 84 patients with acute myocardial infarc- 
tion, 77 survived transportation and hospitalization, 
and 7 died. None of these deaths occurred in the mo- 
bile coronary care unit. 


Heart Rate 


Only 26 (7 percent) of the entire 357 patients 
transported by the mobile coronary care unit had 
bradycardia. Twenty (77 percent) of these 26 pa- 
tients were among the 84 who had an acute myocar- 
dial infarction; the remaining 6 had bradycardia re- 
lated to cerebrovascular accident (2), gastroenteritis 
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FIGURE 3. Initial heart rate (beats/min), 
systolic blood pressure (mm Hg), treatment and 
survival of patients with acute myocardial in- 
farction. Survival is of both prehospital and hos- 
pital phases of acute myocardial infarction. A = 
atropine; L = lidocaine; M = metaraminol; 
MCCU = mobile coronary care unit. 


(1), hiatal hernia (1) or vasovagal syncope (1), or of 
undetermined origin (1). 

The initial heart rate of the 84 patients with acute 
myocardial infarction obtained when the patients 
were first seen by a member of the mobile coronary 
care unit is shown in Figures 2 and 3. Sixteen pa- 
tients (19 percent) had a heart rate of 60 beats/min 
or less when first seen; further analysis disclosed that 
9 (11 percent) had a rate between 51 and 60 beats/ 
min, 4 (5 percent) a rate between 41 and 50 beats/ 
min, and only 3 (4 percent) a rate between 31 and 40 
beats/min. In addition, four patients whose initial 
heart rate was greater than 60 beats/min subse- 
quently experienced bradycardia before admission to 
the hospital. All patients in this latter group had re- 
ceived narcotic drugs shortly before the heart rate 
decreased to 60 beats/min. The heart rate of these 
four patients decreased from 70 to 60, from 66 to 58, 
from 76 to 60, and from 70 to 50 beats/min. 

Thus, a total of 20 (24 percent) of the 84 patients 
with acute myocardial infarction had bradycardia 
documented in the mobile coronary care unit. Of the 
20 patients with bradycardia, the condition in 11 
was uncomplicated and in 9 was accompanied by hy- 
potension or ventricular arrhythmias, or both (Fig 3 
and 4). Of the latter nine, four had hypotension (sys- 
tolic blood pressure 90 mm Hg or less) without ven- 
tricular arrhythmias; four had ventricular arrhyth- 
mias but did not have hypotension, and one had 
both hypotension and ventricular arrhythmias. None 
had a significant reduction in blood pressure while in 
the mobile coronary care unit. E 
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Ten of the 20 patients with bradycardia were 
treated with drugs other than narcotic agents. Four 
of the 20 patients received atropine alone, 2 lidocaine 
alone, 2 both atropine and lidocaine, 1 metaraminol 
alone, and 1 both metaraminol and lidocaine. Ten 
patients with bradycardia received no atropine, lido- 
caine or metaraminol. One of these untreated pa- 
tients had a systolic blood pressure of 80 mm Hg. All 
20 patients with bradycardia survived transportation 
and hospitalization, including the 10 patients who 
received no therapy. 

Of the 12 patients with acute myocardial infarc- 
tion who were seen within the first hour of the onset 
of symptoms, 5 had an inferior wall infarction. All 
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Hypotension 
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FIGURE 4. Bradycardia and its complications in the prehospital 
phase of acute myocardial infarction. HR = heart rate; PVCs = 
premature ventricular contractions. 
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TABLE Il 
Bradycardia in the Prehospital Phase of Acute Myocardial Infarction 


ale 80wV0656wh ee 


Case Duration of Site of Initial Initial Min Min Max Max 
no. Symptoms (hr) Infarct HR BP HR* BP* Treatment HR* BP* 
ORE ee ae FO oe ee dy PEU REV ERE TRI RI neo crm en a A 
1 «1 Inf 60 110/92 ve sae NT T 115/90 
2 2 Ant 52 80 our ETT N Vs aon 
(palpation) 
3 ? Ant 58 100/70 oe e «te 62 118/70 
4 ? Ant-sept 50t 200/100 40} 180/80 Bie Aa 
5 1 Ant-sept 60 210/108 58 af 64 
6 ? Inf 60t 135/70 601 he #2 
7 ? Inf 60 174/94 sua Lu N 74 
8 1 Inf 70 ' 115/70 60$ 110/70 N 
9 «1 Inf 66 100/70 588 I N 
10 ? Ant-sept 76 100/82 608 N «its EX 
11 4 Ant-sept 42 84/50 Š A 92 136 
(palpation) 
12 ? Ant 40 Not A 78 140/80 
palpable 
13 <4 Inf 34 140/90 N,A 70 To. 
14 ? Inf 40 80 N,M 74 92 
(palpation) (palpation) 
15 «1 Inf 70 130/90 508 ioe ; NA 100 144/90 
16 4 Ant 60 100/60 58 L eS A 
17 «1 Ant-sept 60!! 70 N,L,M 80 172/100 
(palpation) 
81 ET Inf 50 110/80 N,L 80 118 
(palpation) 
19 ? Inf 52 150/80 N.A,L 104 veg 
20 ? Inf 42 140/80 N7,A,L 62 


ee) ab Ss a Ss TTE ee eee 


* Values noted only if different from initial value. 

+ Administered by physician before arrival of Heartmobile. 
1 Atrial fibrillation. 

§ Several minutes after administration of narcotic agent. 

I! Ventricular bigeminy. 


A — atropine; Ant — anterior; Ant-sept — anteroseptal; BP — blood pressure (mm Hg); HR — heart rate (beats/min); Inf — inferior; 


L = lidocaine; M = metaraminol; Max = maximal; Min = minimal. 


five had bradycardia. Only two of the remaining 
seven patients seen within the first hour and having 
an infarct located in areas other than the inferior 
wall had bradycardia. Table II presents a detailed 
analysis of the 20 patients who had bradycardia 
while in the mobile coronary care unit. 


Blood Pressure 


Initial systolic blood pressure values of the 84 pa- 
tients with acute myocardial infarction are illus- 
trated in Figures 3 and 5. A total of 10 patients (12 
percent) had a systolic blood pressure of 90 mm Hg 
or less; however, bradycardia was an associated find- 
ing in 5 of these. Only four additional patients would 
be added to the hypotensive group if a systolic blood 
pressure of 100 mm Hg were used as the cut-off 
level. Thus, 14 patients (17 percent) had a systolic 
blood pressure of 100 mm Hg or less, and bradycar- 
dia was an associated finding in 7 of these. 

The relation among initial heart rate, initial sys- 
tolic blood pressure and survival (of transportation 
and hospitalization) for patients with acute myocar- 
dial infarction is depicted in Figure 3. Two of the 
five patients whose hypotension (systolic blood pres- 


sure of 90 mm Hg or less) occurred in association 
with bradycardia were treated with atropine, two re- 
ceived metaraminol, and one received only mor- 
phine. All 20 patients with bradycardia, including 
those with hypotension, survived transportation and 
hospitalization. A total of seven patients in the study 
died; of these, two had hypotension and tachycardia 
(heart rate of 130 beats/min) when first seen, one 
had a heart rate if 122 beats/min and a systolic 
blood pressure of 200 mm Hg, and four had normal 
initial vital signs. 


Discussion 


The results of our investigation substantially con- 
firm the relatively high incidence of bradycardia in 
the early phase of acute myocardial infarction ob- 
served by Pantridge and co-workers.1-3 They re- 
ported that bradycardia occurred in about 40 per- 
cent? of such patients some time during the course of 
their illness and in slightly less than 30 percent of 
patients within the first 2 hours of onset of symp- 
toms; in our more limited experience, the prevalence 
of bradycardia in a suburban-metropolitan popula- 
tion of the United States was 24 percent. It is worth 
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noting that 76 percent of patients transported by the 
Montgomery County Heartmobile did not have a 
myocardial infarction that could be documented by 
the usual methods. Inclusion of such patients would 
have reduced the apparent prevalence of bradycardia 
following acute myocardial infarction to only 7 per- 
cent, thus making apparent the need for careful doc- 
umentation of the presence or absence of infarction 
in any epidemiologic study of patients with chest 
pain in a mobile coronary care unit. 

Our findings also showed that hypotension (de- 
fined as systolic blood pressure of 90 mm Hg or less) 
occurred in 12 percent of patients with acute myo- 
cardial infarction reached by the Heartmobile. Since 
bradycardia was present in half of these patients, the 
frequency with which bradycardia occurred together 
with hypotension in such subjects was only 6 per- 
cent. However, the prevalence of hypotension in the 
subgroup of patients with bradycardia was 25 per- 
cent (5 of 20 patients with bradycardia had a systolic 
pressure of 90 mm Hg or less). These data confirm 
the recent study of the Belfast group in which hypo- 
tension was found relatively frequently in patients 
with bradycardia shortly after the onset of symptoms 
of myocardial infarction.” 

Clinical significance of bradycardia and effect 
of atropine: The critical questions that emerge from 
these findings are whether bradycardia, with or 
without hypotension, significantly contributes to the 
high mortality rate that occurs during the prehospi- 
tal phase of acute myocardial infarction, and wheth- 
er increasing the heart rate with atropine will reduce 
mortality. When the currently available evidence is 
critically reviewed,5-? a skeptical attitude regarding 
the lethal potential of bradycardia and the net ther- 
apeutic potential of atropine appears warranted. Un- 
fortunately, the results of our investigation cannot 
provide a definitive answer to these questions for 
several reasons. For example, although no deaths oc- 
curred in the 20 patients with bradycardia, 10 of the 
20 patients were treated with atropine, lidocaine, 
metaraminol or a combination of these drugs, and it 
is possible that some of these treated patients would 
have died if therapy had been omitted. In addition, 
it is important to emphasize the limitations of the 
mobile coronary care unit in determining the true in- 
cidence of bradycardia and hypotension in the early 
phase of acute myocardial infarction. All the pa- 
tients in our study survived long enough to call for 
medical aid and to be reached by the mobile unit. 
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INITIAL SYSTOLIC BLOOD PRESSURE 
FIGURE 5. Initial systolic blood pressure (mm Hg) of patients 
with acute myocardial infarction. Height of each bar indicates 
total number of patients within the group. Darkly shaded areas 
indicate number of patients who died. The two patients with a 
systolic blood pressure <100 mm Hg who died each had an initial 
heart rate > 120 beats/min. 


Therefore, our observations concerning the prehospi- 
tal phase of acute myocardial infarction are neces- 
sarily limited to a preselected population. What is 
not known is the incidence of bradycardia and hypo- 
tension in the group of patients who died without 
being reached by the Heartmobile. Finally, the num- 
ber of patients with premonitory symptoms of acute 
myocardial infarction who died suddenly, but would 
have had sufficient warning and presence of mind to 
count their pulse and inject themselves with atropine 
is unknown. 

In conclusion, our investigation provides impor- 
tant data relating to the incidence of bradycardia 
and hypotension during the prehospital phase of 
acute myocardial infarction. However, before defini- 
tive conclusions can be reached about the potential 
efficacy of any therapeutic intervention designed to 
reduce mortality, more precise information must be 
obtained on (1) the incidence of bradycardia and hy- 
potension in patients who die before the arrival of a 
mobile coronary care unit, and (2) the natural histo- 
ry of acute myocardial infarction with bradycardia in 
the presence and absence of hypotension. 
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Forty-seven patients with well documented ischemic heart disease 
were studied with tests designed to detect "hypercoagulability": 
platelet count, platelet aggregation response to dilutions of adeno- 
sine diphosphate (ADP) and collagen, determination of fibrinolytic 
activity and thromboelastography. No abnormalities were found in 
the thromboelastograms, fibrinolytic activity, platelet count or re- 
sponse of platelets to ADP. Most patients demonstrated abnormal 
platelet reactivity to collagen soon after myocardial infarction. Five 
patients (but none of the normal subjects or patients with nonisch- 
emic heart disease) had a persistent marked abnormality, with 
platelet hyperresponsiveness to collagen still present 10 to 16 
months after infarction. These five patients differed from cthers with 
myocardial infarction by being younger, having a paucity of the rec- 
ognized risk factors and having either normal coronary arteriograms 
or single obstructive arterial lesions. Each had significantly de- 
creased 9!chromium platelet survival time many months after infarc- 
tion, during an asymptomatic period. One of eight patients with chest 
pain of the anginal type and normal coronary arteriograms showed 
similar platelet hyperaggregability. We suggest that some patients 
with ischemic heart disease, perhaps as many as 10 percent, have 
chronic abnormal platelet function, best detected by the platelet 
aggregation response to dilutions of collagen and by platelet survival 
studies. This may be a primary abnormality in patients with ischemic 
heart disease whose arteriograms show no advanced coronary ath- 
erosclerotic obstructive lesions. 


The contribution of intraarterial clotting to the development of coro- 
nary atherosclerosis and myocardial infarction remains to be clari- 
fied. The advent of coronary arteriography has shown that most pa- 
tients with angina pectoris and myocardial infarction have advanced 
atherosclerotic obstructive disease of the coronary arteries. However, 
in most large angiographic series, there are some patients with clini- 
cally apparent ischemic heart disease whose coronary arteries appear 
normal or near normal.1-3 In recent reports of documented transmu- 
ral infarctions in patients with normal arteriograms,*-8 it has been 
theorized that a coronary thrombus that subsequently lysed was the 
causative mechanism. 

Abnormalities in platelet function,?-34 plasma coagulation fac- 
tors1?-1* and the fibrinolytic system!5 have been described in patients 
with ischemic heart disease. Varied results (especially in platelet ad- 
hesiveness and aggregation studies), differences in methodology and 
lack of correlation with coronary arteriographic or postmortem find- 
ings have prevented clear-cut conclusions regarding the possible role 
of abnormalities of the hemostatic mechanisms in this disease. 

We have studied a group of patients with well documented isch- 
emic heart disease and have compared them with normal subjects 
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TABLE | 


Comparison of Groups Undergoing Coagulation and Platelet Studies 





Age 
Patients Range (yr) 

Group (no.) (mean) 

Acute myocardial 30 38-61 
infarction (51) 
Angina pectoris 17 39-61 
(48) 

Chest pain, normal 8 30-61 
coronary angio- (46) 

grams 

Nonischemic heart 13 28-64 
disease (50) 
Normal 40 21-70 
(45) 





Percent with 
Coronary 

Sex Race Angiography 
25M; 5F 29W; 1B 50 
16M; 1F 17W; 0B 100 
2M; 6F 8W; 0B 100 
10M; 3F 12W; 1B 3l 
26M; 14F 36W; 4B 0 





B — black; W — white. 


and patients with other kinds of heart disease. Tests 
were used that would detect hyperactivity of plate- 
lets and coagulation and hypoactivity of the fibrino- 
lytic system. 


Methods 


The study group consisted of 47 patients with ischemic 
heart disease. In 30 of these (25 men and 5 women) the 
diagnosis of acute myocardial infarction was established 
by the triad of (1) suggestive history; (2) increased serum 
glutamic oxaloacetic transaminase in the absence of re- 
cent injury, congestive heart failure or disease of skeletal 
muscle or liver; and (3) significant electrocardiographic 
changes. Fifteen of these patients underwent selective cor- 
onary cineangiography. No patient was receiving anticoag- 
ulant drugs when studied, but during the acute stage 
many had received slow infusions of 5 percent dextrose in 
water, lidocaine, narcotic drugs as needed, diazepam and 
oxygen. 

The remaining 17 patients (16 men and 1 woman) had 
angina pectoris with typical chest discomfort. The coro- 
nary angiograms of all 17 showed greater than 80 percent 
obstruction of one or more coronary arteries. An addition- 
al eight patients with chest discomfort suggestive of angi- 
na pectoris in association with abnormal electrocardio- 
grams had normal arteriograms and are treated as a sepa- 
rate group (six women and two men). 

Thirteen patients with nonischemic heart disease were 
studied. These included seven with rheumatic heart dis- 
ease, two with idiopathic cardiomyopathy and four with 
hypertensive heart disease. 

A group of 40 normal volunteers served as control 
subjects. These were asymptomatic persons who had nor- 
mal findings on routine health examinations and who de- 
nied having taken medication recently. These subjects 
and the patients with nonischemic heart disease were 
similar to the study group in age, sex and race (Table I). 

Each person included in the study had a complete his- 
tory and physical examination and routine laboratory 
studies including complete blood count, urinalysis, auto- 
mated blood chemical profile, chest roentgenogram and 
electrocardiogram. All patients wth chest pain and no re- 
cent myocardial infarction also underwent submaximal 
electrocardiographic stress testing (treadmill). The criteri- 


on for a positive test was downsloping or flattened S-T 
segment depression of 1 mm or greater during or after ex- 
ercise. 

Patients were excluded from the study if they had asso- 
ciated infectious, inflammatory or malignant disease or 
were taking medication thought to interfere with the 
platelet or clotting studies. Many of the patients with an- 
gina pectoris used nitroglycerin, diazepam and barbitu- 
rates as needed, and most patients with nonischemic 
heart disease were taking a digitalis preparation, but care 
was taken to eliminate all other drugs for at least 2 weeks 
before the date of study. 

Blood was collected from the fasting subjects with sili- 
conized equipment from a freely flowing venipuncture using 
multiple syringes. Blood from the first syringe was anti- 
coagulated with ethylenediaminetetraacetic acid (EDTA) 
and used for the platelet count by the method of Brecher 
et al.16 and for lipid profile (serum cholesterol, triglycerides 
and lipoprotein electrophoresis). Blood from subsequent 
syringes was anticoagulated with 3.2 percent sodium citrate 
(dihydrate), 1:9, and used for platelet function studies and 
for tests of coagulation and fibrinolysis. 

Platelet-rich plasma for the aggregation studies and 
thromboelastograms was prepared by low-speed centrifu- 
gation at room temperature. The final concentration of 
platelets was between 350,000 and 450,000/mmé, suitable 
dilution being made with the patients' platelet-poor plas- 
ma when necessary. 

Platelet aggregation was studied in an EEL titrator 
(Evans Electroselenium Ltd., Halstead, Essex, England) 
with attached Heath recorder, at 37 C, with the use of a 
modification of O'Brien's technique.!? Adenosine diphos- 
phate (ADP) and collagen were used as aggregating 
agents. ADP (Sigma) was stored in small aliquots at —70 
C, as a 1 X 10-?M solution in a 0.85 percent sodium 
chloride solution. Further dilutions were made with a 
Tris-saline buffer (0.06M, pH 7.5) immediately before use. 

The stock collagen (bovine tendon, Sigma) was stored 
at 70 C in small aliquots as a suspension in modified Ty- 
rode's solution (8 g NaCl, 0.2 g KCl, 1 g NaHCOs, 0.05 g 
NaH3PO,-H30, and 1 g glucose per liter, pH adjusted to 
1.35 with NaOH). The stock was prepared by grinding the 
collagen in a Waring blendor by the method of Packham 
et al.;18 it was then tested for activity with normal plate- 
lets, and additional dilutions were made if necessary. The 
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COLLAGEN COLLAGEN 
CONCENTRATED 1:2 DILUTION 

NOCH 4 COLLAGEN 
eee 1:5 DILUTION 


FIGURE 1. A normal collagen aggregation test. The highest 
level of dilution giving a definite aggregating response is the end 
point (1:4 in this series of curves). 


stock solution used had the highest level of dilution that 
would produce maximal aggregation with normal plate- 
lets. The activity of the collagen suspension decreases 
during storage but can be restored by sonication. Immedi- 
ately before use, an aliquot of the collagen suspension was 
sonicated in a Cole-Parmer ultrasonic bath for 2 minutes. 
Further dilutions of the stock solution were then made 
with modified Tyrode’s solution. If the test platelets gave 
a suboptimal response to the undiluted collagen suspen- 
sion, the suspension was tested for activity with normal 
platelets obtained from laboratory personnel whose plate- 
lets had been previously studied. 

Platelet aggregation was measured by testing aliquots of 
platelet-rich plasma with various concentrations of ADP, 
starting at 1 X 10-9M (final concentration) and continu- 
ing to increasing 10-fold dilutions. The platelet-rich plas- 
ma was tested to collagen in a similar manner, starting 
with the full-strength stock suspension and continuing to 
increasing dilutions until an end point was reached. With 
both ADP and collagen, the end point was the smallest 
concentration (highest level of dilution) that would pro- 
duce measurable aggregation (Fig. 1). 

Thromboelastography was performed on citrated plate- 
let-rich plasma, using a modification of the method of 
deNicola!? with a Hellige thromboelastograph. 

Fibrinolytic activity was estimated in terms of plasmin- 
ogen activator levels as determined in the euglobulin 
fraction of plasma using standard Astrup plates?? made 
with bovine fibrinogen (Armour Pharmaceutical Co., 
Kankakee, Ill.). 

Platelet survival time was determined in selected pa- 
tients using ?!Cr-labeled platelets according to the tech- 
nique of Aster and Jandl.?1 


Results 


No significant differences among the groups inves- 
tigated were found in platelet count, platelet aggre- 
gation with ADP, fibrinolytic activity or thrombo- 
elastograms. However, many patients with ischemic 
heart disease showed significantly abnormal platelet 
aggregation responses to collagen (Fig. 2). In the 40 
normal subjects, the end points ranged between dilu- 
tion strengths of 1:4 and 1:10. In the first 3 days of 
an acute myocardial infarction, most patients (15 of 
23) had normal or near normal platelet reactivity to 
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FIGURE 2. Platelet aggregation responses to collagen dilutions 
in the study groups. The shaded area indicates the range in 40 
normal subjects. ARTGMS = arteriograms; MI = myocardial 
infarction. 


collagen. Nearly all (17 of 19) had hyperaggregable 
platelets 7 to 14 days after the infarction. This ab- 
normality was still present in 11 patients studied 2 
months after infarction. 

Seven of the 17 patients with angina pectoris (41 
percent) had platelets that demonstrated hyper- 
aggregability on exposure to collagen, whereas only 2 
of 13 with nonischemic heart disease (15 percent) 
showed abnormal responses, and these responses 
were only slightly abnormal (Fig. 2). The group with 
angina thus differed significantly from the normal 
control subjects (P <0.001, chi square method) 
whereas the group with nonischemic heart disease 
did not. Two of eight patients with the syndrome of 
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FIGURE 3. Serial platelet-collagen aggregation studies in acute 
myocardial infarction patients who exhibited early platelet 
hyperaggregability. The shaded area indicates the range in 40 
normal subjects. The solid lines represent patients whose plate- 
lets returned to normal after the first 2 months and the broken 
lines represent the five patients who demonstrated persistent 
platelet hyperaggregability (see text for discussion). 
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chest pain without infarction and normal arterio- 
grams (25 percent) showed platelet hyperaggregabil- 
ity to collagen. Although this result is not signifi- 
cantly different from normal, one of these patients 
had markedly abnormal findings on repeated testing. 
All patients with angina pectoris and coronary ob- 
structive lesions who were tested had positive results 
on electrocardiographic submaximal stress tests, 
whereas the patients with chest pain and normal ar- 
teriograms had negative or questionable results al- 
though each had an abnormal resting electrocardio- 
gram at some time. 

Chronic platelet hyperactivity after myocardial 
infarction: Detailed results of the platelet-collagen 
aggregation studies in the 11 patients who remained 
hyperreactive to collagen 2 months after acute myo- 
cardial infarction are given in Figure 3. One patient 
(IH, Fig. 2) died 2 1/2 months after infarction. An- 
other (ST, Fig. 2), with strikingly abnormal findings 
2 months after acute infarction, had normal results 
on subsequent testing 4 and 7 months after infarc- 
tion (Fig. 3). The four patients who showed only 
moderate hyperreactivity 2 months after infarction 
had normal findings when tested 2 to 4 months later. 

'The remaining five patients identified by initials 
in Figure 2 had more abnormal values at 2 months 
and the values remained abnormal in subsequent 
testing at 10 to 16 months after infarction (broken 
lines, Fig. 3). The pertinent clinical data in these pa- 
tients are summarized in Table II and are compared 
with similar data in the other patients with acute 
myocardial infarction. In addition to the chronic 
platelet hyperreactivity, these five patients differed 
from the other patients with myocardial infarction in 
that they were younger, had fewer of the generally 
recognized risk factors for coronary atherosclerosis 
and manifested fewer obstructive lesions on coronary 
arteriograms. Three of the five had normal coronary 
arteriograms. The other two had total occlusion of 
the left anterior descending artery and little or no 
disease in the other coronary arteries. All 10 of the 
other patients with acute myocardial infarction who 
had arteriograms demonstrated severe obstructive 
disease in at least two major coronary arteries. Only 
Patient 2 (HR) had as many as two risk factors, 


TABLE II 


PLATELET HALF SURVIVAL TIME (DAYS) 
o 


: x 
6 l 
[is 
o 
NORMAL AMI WITH AMI WITH 
NORMAL PLATELET HYPERRESPONSIVE 
AGGREGATION PLATELETS 


FIGURE 4. Platelet half-life survival times (ranges and means) 
in four normal subjects, five patients with acute myocardial in- 
farction (AMI) and normal platelet aggregation, and the five pa- 
tients with acute myocardial infarction and chronic platelet hy- 
perresponsiveness to collagen. 


whereas nearly all 25 patients in the other group had 
two or more risk factors. Most common were a lipid 
abnormality (60 percent) and smoking (80 percent); 
slightly more than 33 percent had hypertension. 

These five patients underwent studies of platelet 
survival (Fig. 4). The platelet half-time in four nor- 
mal subjects was 3.3 days, and results were similar 
in five patients with acute myocardial infarction who 
had not shown hyperresponsiveness to collagen. The 
five patients with hyperresponsiveness to collagen 
had significantly shorter platelet half-times (2.0 
days) (P = «0.001, t test). 


Discussion 


Myocardial infarction generally occurs in the pres- 
ence of coronary atherosclerosis. The rough surface of 
the atheroma has been thought to serve as the site 
for the clot formation responsible for the acute in- 
farction. This concept has recently been questioned 
on both arteriographic and pathologic grounds. Myo- 
cardial infarction has occurred in patients with pat- 
ent normal coronary arteries,4-® and it has been pos- 
tulated that the infarction was due to a clot which 
formed and subsequently lysed. This sequence of 


Clinical Data on Patients with Acute Myocardial Infarction With and Without Chronic Platelet Hyperaggregability 








Lipid 
Age Range Hyper- Abnor- Dia- Family 
Chronic Platelet and Mean tension ality betes Smoking Obesity History Coronary 
Hyperaggregability Sex (yr) (90) (90) (90) (%) (%) (%) Arteriograms 
Patients with 3M; 2F 36-48 0 20 0 40 0 0 3 normal; 1 LAD occlusion 
(5) (43) only; 1 LAD occlusion 
with scattered plaques 
Patients with- 22M; 3F 38-61 36 60 8 80 24 28 Arteriograms in 10 cases 
out (25) (51) (80% (all diffuse disease) 
type IV) 





LAD = left anterior descending coronary artery. 
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events has been demonstrated experimentally in ani- 
mals in which coronary thrombi have been shown to 
disappear within 30 to 70 days.?? However, there is 
evidence that coagulation (that is, red clot forma- 
tion) may not occur in all instances and may not be 
essential for tissue death. Infarction can occur secon- 
dary to occlusion of a vessel by a platelet thrombus, 
although such platelet aggregates persist for only a 
few minutes. Mustard et al.23 have produced such 
lesions experimentally by infusing platelet-aggrega- 
ting agents into a coronary artery. Haerem?* reported 
that platelet aggregates in the epicardial coronary 
arteries of patients who died suddenly of cardiac 
causes were more numerous and larger than those 
found in patients without cardiac disease. The ma- 
jority of patients who die suddenly and demonstrate 
myocardial infarction at postmortem examination 
are found to have incompletely obstructed coronary 
arteries,25.26 thus suggesting that clot formation oc- 
curs as a secondary event in those who survive the 
acute insult. The possibility that the initial insult is 
caused by an evanescent platelet thrombus is attrac- 
tive. There is evidence that such a mechanism is re- 
sponsible for some, perhaps most, of the transient 
ischemic attacks in the cerebral and ophthalmic cir- 
culation.27-29 

Our finding of acute myocardial infarction in five 
patients who had no angiographically demonstrable 
coronary atherosclerosis lends some support to these 
theories. All these patients had shortened platelet 
survival time and all had chronically hyperreactive 
platelets on exposure to collagen. Three of the pa- 
tients had normal coronary arteriograms. Two had 
isolated occlusions that may have been thrombotic 
in origin. Patient 4 (JL), premenopausal at age 43 
years, smoked cigarettes and was using oral contra- 
ceptive agents at the time of infarction. Similar pa- 
tients with isolated left anterior descending coronary 
artery occlusions have been described.?9 Patient 4 
stopped taking the contraceptive agent at the time 
of infarction, and her platelet response is now ap- 
proaching normal 10 months after the acute event 
(Fig. 3). Patient 3 (DE) had a similar coronary oc- 
clusion that resulted in a large anteroseptal infarc- 
tion at age 36 years in the absence of any of the rec- 
ognized predisposing risk factors. 

It is tempting to speculate that infarction in these 
patients was caused by transient platelet thrombi 
(with secondary thrombosis in two), and that the 


thrombi formed because of the abnormal tendency of 
these platelets to aggregate in response to minimal 
stimuli. 

A similar mechanism may be operative in some 
patients with pain of the anginal type and normal 
coronary arteries. The origin of this syndrome re- 
mains uncertain and has usually been attributed to 
neurocirculatory asthenia.3! One of our patients with 
this syndrome has persistent platelet hyperreactiv- 
ity. Clinically, she has episodes of impressive retro- 
sternal pain associated with short-lived deep T wave 
inversions on the electrocardiogram, but no elevation 
of cardiac enzyme levels. These episodes might be 
caused by transient platelet aggregates. 

Mechanism of platelet hyperresponsiveness: 
The cause of the chronic hyperresponsiveness to col- 
lagen and the accelerated platelet turnover found in 
our patients remains unknown. The platelet hyper- 
reactivity regularly observed 1 to 2 weeks after acute 
infarction and in patients with advanced coronary 
artery disease and angina pectoris!i? is probably a 
secondary phenomenon. There is no such ready ex- 
planation in our patients. No correlation with lipid 
levels was found. We did not measure catechola- 
mine levels in our patients, and it is possible that en- 
dogenous high levels have sensitized the platelets to 
other aggregating stimuli.32 It has been theorized 
that platelet behavior may be largely governed by 
plasma factors.?? An alpha globulin that inhibits col- 
lagen-induced platelet aggregation has recently been 
found in normal plasma.3* Conceivably, a lack of 
this factor resulted in the platelet hyperaggregability 
seen in some of our patients. In these situations the 
short platelet half-life would be a secondary phe- 
nomenon, occurring because of increased consump- 
tion of platelets occasioned by their excessive re- 
sponse to aggregating stimuli. Alternatively, the 
short half-life may be the primary abnormality and 
the hyperresponsiveness to collagen simply a mani- 
festation of the extra “stickiness” of young platelets. 

Clinical implication: Platelet aggregation studies 
should be more widely employed in studying patients 
with ischemic heart disease, especially those who 
lack the usual risk factors or manifest no atheroscle- 
rotic lesions on angiograms. The identification of a 
subgroup of patients with ischemic heart disease who 
have hyperaggregable platelets may have practical 
importance since antiplatelet aggregation drugs are 
available and may be effective therapeutically. 
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Dissimilar atrial rhythms were demonstrated in 10 patients by re- 
cording right and left atrial activity simultaneously with intracavitary 
right atrial and esophageal electrodes. Eight patients had fibrillation 
recorded in one atrium and slower, more regular activity recorded in 
the other atrium; two patients had no recordable activity in one atri- 
um and a tachyarrhythmia recorded in the other atrium. Right atrial 
pacing failed to terminate the slower, more regular right atrial 
rhythm when left atrial fibrillation was present. Discrete atrial activity 
reflecting depolarization from one atrium can be recorded in surface 
electrocardiograms during contralateral atrial fibrillation or in the ab- 
sence of recordable activity in the opposite atrium. 

In an animal study, dissimilar atrial rhythms were induced in 
seven dogs in which vagotomy and administration of ouabain length- 
ened the atrial refractory period. Vagal stimulation restored similar 
rhythms by causing both atria to fibrillate rapidly. Administration of 
ouabain and vagotomy did not uniformly prolong the atrial refractory 
period, and it was possible to record with one electrode localized 
atrial activity that could not be recorded in closely adjacent elec- 
trodes placed in the same or the contralateral atrium. We conclude 
that during some forms of atrial fibrillation, particularly those called 
"coarse atrial fibrillation" or “flutter fibrillation," more uniform depo- 
larization may occur in one atrium or portion of one atrium and re- 
sult in a rhythm that is slower and more regular than the rhythm oc- 
curring in the contralateral fibrillating atrium. 


The existence of interatrial block and dissimilar atrial rhythms has 
been known for a long time. In 1900, Hering! reported block between 
atria in a dying mammalian heart and, in 1901, Frederica? produced 
interatrial block by crushing the area of the atrial septum and con- 
fined fibrillation to one atrium of the dog heart. Subsequent experi- 
ments by others?.* established in the experimental animal that inju- 
ry to interatrial muscular bundles or interference with atrial oxygen 
or blood supply produced degrees of interatrial and sometimes intra- 
atrial block that resulted in independent atrial activity. 

In 1920, Schrumpf® published the first clinical electrocardiogram 
interpreted to represent atrial dissociation in a patient suffering from 
digitalis excess. Bay and Adams® published similar tracings in 1932 
and since then numerous examples purporting to show atrial disso- 
ciation have been reported.* The finding in man of left atrial fibrilla- 
tion and regular, slower activity in the right atrium was documented 
by Laufer’ in 1935, and subsequently by others. 

The purpose of this study was to investigate a group of patients 
with dissimilar atrial rhythms in an effort to determine: (1) the 
pathogenesis of fibrillation in one atrium and slower, more regular 
activity in the contralateral atrium and, specifically, whether this 
combination of arrhythmias represents two truly independent 
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TABLE I 


Patient Profile 


a —— M — M ——— ——— 


Age 
Case (yr) 
no. &Sex 


Right Atrial 
Activity 
Cycle Length 
(range in msec) 


Left Atrial 
Activity 
Cycle Length 
(range in msec) 


Surface (ECG) 
Atrial Activity 
During or After 
Study While 
Dissimilar 
Atrial Rhythms 
Were Present 


DISSIMILAR ATRIAL RHYTHMS—ZIPES AND DEJOSEPH 


Duration 


Heart Disease 


Cardiac Drugs 


Tn MMMMaasbLLdUML.. xe A Lii lll l lll ll OIM 





1 13M 180-250 Fibrillation Not clear During His study WPW-type B; normal heart size None 
lasting 3-5 min 
2 45M 150-250 Fibrillation Flutter- >l year Hypertrophic cardiomyopathy; Digitoxin 
fibrillation left atrial enlargement (0.1 mg daily) 
3 36M 190-220 Fibrillation Not clear During His study, Recurrent ventricular None 
lasting 5-10 min tachycardia; normal heart 
size 
4 73M 170-250 Fibrillation Low amplitude During His study Sick sinus syndrome, rate- Quinidine 
P waves lasting 2-3 hr related left bundle branch (200 mg every 
block; normal heart size 6 hr) 
5 45F 150-280; Fibrillation Flutter- >l year Mitral stenosis and Digitoxin 
fibrillation fibrillation insufficiency; left atrial (0.1 mg daily) 
(low)* enlargement 
6 81M Fibrillation 180-220 Fibrillation During His study — Rate-related left bundle None 
branch block 
7 60F Fibrillation 150-180 Flutter- >l year Hypertrophic cardiomyopathy; None 
fibrillation no left atrial enlargement 
8 60F  230-280*; No recordable Lowamplitude Unknown Hypertensive cardiovascular None 
fibrillation activity P waves; disease; digitalis toxicity 
fibrillation 
9 72F No recordable 300-580 No recordable Possible coronary artery 
activity* atrial activity disease 
10 64F 320-330; 320-330; Low amplitude Digitalis toxicity; possible Digoxin 
300-600 fibrillation P waves coronary artery disease; (0.25 mg daily) 
hypertensive cardiovascular 
disease 
* See text. 


WPW = Wolff-White-Parkinson syndrome. 


rhythms (atrial dissociation)8:9; (2) the effects of ac- 
tivity recorded from one atrium on the surface elec- 
trocardiogram during dissimilar atrial rhythms; and 
(3) the effects of atrial pacing in patients with 
dissimilar atrial rhythms. 

In addition to the clinical studies, an animal study 
was designed to create dissimilar atrial rhythms in a 
simple animal model, without significantly injuring 
the atria anatomically or affecting its blood or oxy- 
gen supply.19:31 Our approach was to lengthen the 
refractory period of atrial muscle by vagotomy and 
administration of ouabain. When vagal reflexes are 
intact, digitalis shortens the atrial muscle refractory 
period; in atropinized hearts, or after vagotomy, dig- 
italis prolongs the atrial muscle refractory period. 


Methods 


Clinical Studies 

Ten patients comprise the basis for the clinical study 
(Table I). All patients were informed about, and consent- 
ed to, the study. Seven were selected for evaluation be- 
cause their electrocardiograms demonstrated flutter-fibril- 
lation, poorly defined atrial activity, or abnormally slow 
atrial rates. Rapid atrial pacing (200/min) in the course of 


a His bundle study precipitated atrial flutter-fibrillation 
in Patients 1, 3 and 4 during which dissimilar atrial 
rhythms were recorded. The only clinical evidence of 
heart disease in these three patients was the presence of 
the preexcitation syndrome in one, a rate-dependent left 
bundle branch block in another, and a recurrent ventricu- 
lar tachycardia in the third. Six patients had cardiomega- 
ly, but only two of those had demonstrable left atrial en- 
largement, the result of a cardiomyopathy in one and 
rheumatic mitral stenosis in the other. Serum electrolytes 
were normal in all patients. 

In all 10 patients, right and left atrial activity was eval- 
uated by means of multiple standard surface electrocardi- 
ograms and simultaneous bipolar tracings obtained with 
quadripolar (USCI no. 5655) and bipolar (Medtronic no. 
5821) electrode catheters placed, respectively, within the 
right atrial cavity and the esophagus, posterior to the left 
atrium.13 In addition, bundle of His recordings were ob- 
tained in six patients, using standard methods.!* Tracings 
were recorded on a multichannel oscilloscopic photograph- 
ic recorder (Electronics for Medicine DR8) at a paper 
speed of 100 mm/sec, using filter settings between 40 and 
500 Hz. 

To terminate the slower, more regular activity recorded 
in the right atrium of four patients (Cases 1, 3, 4 and 10) 
during left atrial fibrillation, bipolar atrial pacing at vari- 
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ous rates (see pacing studies) was performed through the 
distal two poles of the quadripolar right atrial electrode 
catheter, using a pulse generator which delivered rectan- 
gular pulses of 2 msec duration and 2 to 4 volts intensity, 
through an isolation transformer (Digipulser Model DS-1, 
Isopulser Model PC-3, WP Instruments, Inc., Hamden, 
Conn.). Atrial capture was determined by demonstrating 
that pacing stimuli were followed by atrial depolarization 
or an alteration of the regular atrial rhythm. 

It should be emphasized that the right atrial and esoph- 
ageal electrograms represent electrical events recorded 
primarily in the area immediately adjacent to the explor- 
ing electrode. These events do not necessarily reflect ac- 
tivity for the whole right or left atrium. 

Definitions: Except for Patients 8 and 9, rapid, grossly 
irregular activity recorded in one atrium and slower, more 
regular activity recorded in the other atrium comprised 
the dissimilar atrial rhythms. We consider the rapid, 
grossly irregular rhythms to be fibrillation. The rhythm in 
the contralateral atrium will be referred to as the slower, 
more regular rhythm. Quantitative data for each patient 
regarding the cycle lengths of the slower, more regular 
atrial rhythms are displayed in Table I. 


Animal Studies 


Seven mongrel dogs of either sex, weighing between 12 
and 25 kg, were anesthetized with secobarbital sodium (30 
mg/kg). The trachea was intubated and the chest was 
opened through a median sternotomy after establishing 
positive pressure ventilation. The pericardium was incised 
and retracted to cradle the heart. 

Normal saline solution or dextrose and water was in- 
fused at a rate of about 200 cc/hour through an external 
jugular vein. Bipolar steel electrodes, with an interelec- 
trode distance of 1 to 2 mm, were bent in the shape of a J, 





FIGURE 1. A, Patient 4. Left atrial fibrillation 
recorded in bipolar esophageal lead (BEE) 
and slower, more regular right atrial activity 
recorded in right atrial intracavitary record- 
ing (BAE). A flat base line in the bipolar 
esophageal lead resulted when the catheter 
was moved above or below the level of the 
left atrium, thus confirming that the esopha- 
geal recording represented fibrillatory atrial 
activity. Atrial activity recorded in lead Vı 
corresponds temporally to right atrial activity 
in the intracavitary right atrial recording. B, 
Patient 6. Right atrial fibrillation recorded in 
right atrial lead and slower, more regular left 
atrial activity recorded in the esophageal 
lead. H-V interval = 50 msec. Functional 
left bundle branch block is present. A = 
atrial deflection; BHE = bipolar His record- 
ing; H = His deflection. Numbers in A indi- 
cate H-V interval in msec. For explanation, 
see text. 
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insulated except for the curved portion, and hooked into 
the atrial or ventricular muscle. All stimulating and re- 
cording was accomplished using these bipolar electrodes. 
The right and left vagal nerves were isolated in the neck 
and cut. Ouabain was administered intravenously as an 
initial bolus injection of 25 ug/kg, and repeated once or 
twice in doses of 10 to 20 ag/kg at 15 to 30 minute inter- 
vals. The recording and stimulating equipment were the 
same as those used in the clinical studies. Stimuli were of 
2 msec duration, at an intensity of 1.5 to 2 times the dia- 
stolic threshold. In some experiments, a Grass stimulator 
(model S 5) was used to stimulate the distal cut end of 
the vagus nerve with pulses delivered at a frequency of 
20/sec, 1 to 2 msec duration, and sufficient voltage to pro- 
duce sinus slowing to rates of 20 or 30 beats /minute. 

Atrial refractory periods were determined by terminat- 
ing a train of 8 or 10 regularly occurring stimuli (S41) with 
a premature stimulus (S2) at progressively shorter S1S2 
intervals. The longest S1S2 interval at which S; just failed 
to generate an atrial response is taken as the measure of 
the refractory period of atrial muscle at that site for a 
specific basic driving rate. The atrial responses to the Sı 
and Se stimuli were recorded immediately adjacent to the 
stimulating electrode. S182 intervals were determined by 
measuring the interval between the last basic pulse and 
the test pulse recorded on photographic paper at a paper 
speed of 100 mm/sec. Measurement of the interval be- 
tween recorded atrial electrograms determined atrial cycle 
lengths. 


Results 
Clinical Studies 


Dissimilar atrial rhythms were demonstrated in all 
10 patients. In Table I we have listed the longest and 
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FIGURE 2. Patient 8. Right atrial activity and no 
recordable left atrial activity. A to C, positions of 
bipolar electrodes within esophagus. A, high 
(above heart); B, mid (behind left atrium); C, low 
(near stomach). Bottom panel, surface tracing re- 
corded immediately after obtaining tracings A to C; 
atrial activity is apparent. 


shortest cycle lengths recorded during the entire 
testing procedure, which usually lasted about 90 
minutes. In actual fact, cycle lengths recorded at a 
similar time tended to be more regular. Seven pa- 
tients had fibrillation of one atrium and slower, more 
regular activity recorded in the other atrium. Of 
these seven patients, the slower, more regular activi- 
ty was recorded in the right atrium in five patients 
(Cases 1 to 4, 10), and in the left atrium in two pa- 
tients (Cases 6 and 7). In Patient 5, fibrillatory ac- 
tivity was recorded in the left atrium and lower por- 
tion of the right atrium, and slower, more regular 
activity was recorded from the mid and upper por- 
tions of the right atrium. 

Patient 4 had left atrial fibrillation and slower, 
more regular right atrial activity (Fig. 1A). The His 
bundle catheter electrode recorded atrial activity in- 
constantly. The ventricular rhythm was irregular, 
and it cannot be established whether the ventricles 
responded to impulses from one or both atria. Dis- 
crete atrial activity seen in lead V4 corresponded 
temporally to the electrograms recorded in the right 
atrium. Activity from the fibrillating left atrium was 
not recorded in the surface tracing. 

Patient 6 demonstrated fibrillation recorded from 
multiple sites in the right atrium and slower, more 
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regular activity recorded in the esophageal tracing 
(Fig. 1B). Brief periods of irregular activity consis- 
tent with fibrillation replaced the regular atrial ac- 
tivity in this patient, and in Patients 1 to 4 the irreg- 
ular fibrillation regularized for short periods. 

Patient 8 presented with multiple arrhythmias 
thought to be induced by digoxin (not shown). On 
the fourth day after administration of digoxin was 
discontinued, the surface electrocardiogram and 
right atrial recording displayed atrial activity with 
cycle lengths of 230 to 280 msec (Fig. 2). During this 
and a subsequent study performed 10 days later, no 
left atrial activity was recorded with the esophageal 
electrode, even after maximal gains, various filter 
settings and multiple esophageal “pullback” record- 
ings were tried. Ventricular activity inscribed by the 
esophageal electrode proved the integrity of the re- 
cording system. Atrial activity is apparent in the 
surface electrocardiogram. 

Patient 9 initially had a slow ventricular rate with 
atrial activity recorded in the bipolar His electrode 
(Fig. 3A). No right atrial activity could be recorded 
using high gain settings with the quadripolar atrial 
catheter located in multiple positions within the 
right atrium. Atrial pacing was accomplished only 
when the catheter tip was positioned in the area of 
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FIGURE 3. Patient 9. A, no record- 
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the low atrial septum, near the electrode of the His 
catheter. Shortly after pacing was initiated, the ven- 
tricular rate spontaneously increased and careful po- 
sitioning of the esophageal electrode revealed the 
presence of irregular left atrial activity (Fig. 3C). 
Shorter atrial cycles were followed by prolongation of 
the A-H interval, and eventually, block proximal to 
the bundle of His occurred (first and fifth atrial de- 
flections). Atrial activity was inconstantly recorded 
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itary recording (BAE) during slow 
As atrial rhythm. Atrial potentials re- 
- corded in bipolar His recording 
(BHE). A-H interval = 90 msec; 
H-V interval — 50 msec. B, right 
atrial catheter tip positioned near 
tricuspid valve recorded ventricular 
depolarizations but no atrial activi- 
ty. Low amplitude atrial deflections 
are seen in bipolar esophageal 
lead (BEE). Initial portion of last 
(ectopic) QRS complex is isoelec- 
tric in lead V4. Note larger magni- 
fication for this panel; bar indicates 
200 msec. C, no recordable right 
atrial activity tracing in intracavi- 
tary lead (BAE) during left atrial 
tachycardia. H-V interval — 50 
msec. First and fifth atrial de- 
flections manifest block proximal to 
the His bundle recording site. 
Questionable atrial activity record- 
ed in bipolar His tracing labeled 
?A. A-H intervals measured from 
onset of A deflection recorded in 
bipolar esophageal lead to onset of 
H deflection recorded in bipolar 
His lead. Conventions as in Figure 
1. 


with the His bundle electrode catheter. The integrity 
of the right atrial recording system was established 
by registering ventricular activity with the catheter 
tip positioned near the tricuspid valve (Fig. 3B). 

In summary, eight patients were demonstrated to 
have fibrillation recorded in one atrium and slower, 
more regular activity recorded in the other atrium, 
and two patients had no recordable activity in one 
atrium and a tachyarrhythmia recorded in the other 


FIGURE 4. Patient 3. Slower, more 
regular right atrial activity during 
left atrial fibrillation and an inde- 
pendent ventricular tachycardia. 
A, control. Dotted line indi- 
cates His bundle activation occur- 
ring shortly after onset of QRS 
complex. B, right atrial pacing for 
10 seconds at 25 msec intervals. 
Left atrial fibrillation persisted after 
pacing terminated. Right atrial 
rhythm was transiently suppressed. 
Arrows indicate pacemaker stimuli. 
Conventions as in Figure 1. 


622 October 1973 The American Journal of CARDIOLOGY Volume 32 


atrium. Discrete atrial activity reflecting depolariza- 
tion from one atrium can be recorded in surface trac- 
ings during contralateral atrial fibrillation (Fig. 1A) 
or in the absence of recordable activity (Fig. 2) in 
the opposite atrium. 


Pacing Studies 


Right atrial pacing was used in an attempt to ter- 
minate the right atrial tachyarrhythmia in four pa- 
tients who had left atrial fibrillation. In Patient 3 
(Fig. 4), rapid right atrial pacing transiently sup- 
pressed right atrial activity without terminating left 
atrial fibrillation, which may have restarted the right 
atrial rhythm. Competitive atrial pacing at various 
rates did not terminate the right atrial arrhythmia. 
The ventricles discharged regularly and indepen- 
dently, regardless of the atrial rhythms. The diagno- 
sis of a ventricular tachycardia was established by 
recording a His spike that occurred just after the 
earliest moment of ventricular activation, deter- 
mined by the onset of QRS complex recorded in the 
surface electrocardiographic leads. Therefore, Pa- 
tient 3 had three rhythms (Fig. 4): left atrial fibrilla- 
tion with a slower, more regular right atrial rhythm, 
and an independent ventricular tachycardia. 

Rapid right atrial pacing in Patient 4 produced 
transient right atrial fibrillation which then became 
more regular and slower once again (Fig. 5). Slow, 
rapid and paired modes of pacing were tried (Med- 
tronic R wave-coupled pulse generator, model 5837), 


` but the left atrial fibrillation remained unaffected by 


pacing and the right atrial arrhythmia could not be 
terminated. 

In Patient 1, we paced the right atrium for short 
periods at a cycle length of 700 msec but failed to 
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capture the atrium when slower, more regular right 
atrial rhythm and left atrial fibrillation were present. 
Since the atrial arrhythmias in this patient were 
transient and self-limited but readily and repetitive- 
ly induced, the effectiveness of pacing cannot be ad- 
equately evaluated. 

Patient 10 demonstrated marked interatrial con- 
duction delay (230 msec) during the spontaneous 
tachycardia. Normal interatrial conduction, mea- 
sured from the first signs of right atrial activity to 
the first signs of left atrial activity recorded with an 
esophageal electrode, is reported to be less than 40 
msec.!5 During one episode of right atrial pacing, in- 
teratrial Wenckebach block was produced (Fig. 6). 
After the cessation of right atrial pacing on three oc- 
casions, biatrial arrest occurred. A few minutes after 
the third episode of atrial arrest, right atrial activity 
returned as before, but this time was accompanied 
by left atrial fibrillation. Thereafter, right atrial ac- 
tivity was much more irregular and was not sup- 
pressed after termination of rapid stimulation, pre- 
sumably because the fibrillating left atrium conduct- 
ed to the right atrium and prevented right atrial ar- 
rest after pacing was stopped. 

In summary, right atrial pacing failed to terminate 
right atrial tachyarrhythmias when left atrial fibril- 
lation was present. 


Animal Studies 


During the control state, fibrillation of one atrium, 
induced by a short burst of rapid atrial stimulation 
(30 to 40/sec for 10 seconds) or a single premature 
stimulus, was followed invariably by fibrillation of 
the other atrium, usually lasting less than 30 seconds 
in the absence of vagal stimulation. Occasionally, 
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FIGURE 5. Patient 4. Slower, more 
regular right atrial activity and left 
atrial fibrillation. Figure 1A serves 
as control recording. Right atrial 
stimulation at 40 msec intervals for 
10 seconds (arrows indicate pace- 
maker stimuli) induced transient 
right atrial fibrillation, which then 
regularized again. Conventions as 
in Figure 1. 40msec 
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FIGURE 6. Patient 10. Interatrial block. A, 
control tracing illustrating 230 msec delay in 
left atria! activation. Base-line interference 
precludes recognition of atrial activity. Lead 
V2 (twice standardization) recorded at the 
time of study with standard electrocardio- 
graph (paper speed 25 mm/sec) illustrates 
low amplitude atrial deflections. B, right atri- 
al pacing at a cycle length of 190 msec pro- 
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elicit right atrial response. Numbers indicate 

| interatrial conduction time in millisec- 
^! j onds recorded from the earliest deflection in 

| \ Nersen sparred TARNEN RT the intracavitary recording to the earliest de- 
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FIGURE 7. Slower, more regular right atrial activity during left atrial fibrillation in a dog heart. A, control, left atrial fibrillation induced 
by a single premature stimulus (not Shown). A single stimulus from the next train of stimuli discharged in midportion of A but did not 
affect the fibrillation. B, right atrial stimulation (at 40 msec intervals for 10 seconds). Bilateral vagal stimulation at arrow, in B. For ex- 
planation, see text. LAAP = left atrial electrogram from atrial appendage; LALP = left atrial electrogram from lower posterior left atri- 
um between pulmonary veins; LABB = left atrial electrogram from Bachmann's bundle area: RAAP = right atrial electrogram from 
atrial appendage; RACT = right atrial electrogram from lower right atrium over crista terminalis; RASN = right atrial electrogram from 
sinus nodal area; RV = right ventricular electrogram. 
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FIGURE 8. Right atrial fibrillation during slower, more regular left atrial activity in a dog heart. A, right atrial stimulation (at 30 msec in- 
tervals for 10 seconds). Flutter waves recorded in lead |! correspond to left atrial activity. B, spontaneous termination of both atrial ar- 
rhythmias. LA;, LA, LA3 = three left atrial electrograms separated by 1 to 2 cm, forming points of an equilateral triangle; BP = blood pres- 


sure obtained from catheter within femoral artery. 


fairly regular activity was recorded from a portion of 
one atrium while the rest of that atrium, or the 
contralateral atrium, demonstrated fibrillatory activ- 
ity. An example is shown in Figure 7A. The refracto- 
ry period recorded in the right atrial appendage was 
130 msec; that in the left atrial appendage was 150 
msec. 

Vagotomy and administration of ouabain length- 
ened the atrial muscle refractory period in some ex- 
periments by 50 percent or more; at this point, fibril- 
lation produced in one atrium was often followed by 
slower, more regular responses in the contralateral 
atrium. If the refractory period of atrial muscle was 
excessively prolonged, atrial fibrillation could not be 
induced or, if it was induced, was not sustained. 
One hour after bilateral vagotomy and the adminis- 
tration of ouabain (total dose 45 ug/kg) the refracto- 
ry period recorded in the right atrial appendage for 
the experiment shown in Figure 7A lengthened to 
180 msec and the refractory period for the left atrial 
appendage lengthened to 230 msec. At this point, 
rapid stimulation of the left atrium produced a slow 
form of fibrillation with fairly regular responses re- 
corded in the right atrium at a considerably slower 
rate (Fig. 7B). Vagal stimulation (arrow) induced 
rapid fibrillation in both atria by shortening the re- 
fractory periods. 


The surface electrocardiogram was not monitored 
in all experiments. When lead II was recorded, it 
often showed flutter-fibrillation. In one experiment 
(Fig. 8) in which rapid atrial stimulation induced 
right atrial fibrillation and regular, slower left atrial 
activity (Fig. 8A), clear flutter waves corresponding 
temporally to left atrial activity were recorded in 
lead II. The flutter waves were initially positive in 
lead II but became negative just before termination 
without a gross change in the sequence of activation 
recorded in left atrial leads (Fig. 8B). Before termi- 
nation of the dissimilar atrial rhythms in this and 
other experiments, discharge in the fibrillating atria 
regularized and became synchronous with the 
activity recorded from the contralateral atrium. 

Ouabain administration and vagotomy did not un- 
iformly prolong the atrial muscle refractory period, 
and it was possible to record with one electrode 
localized atrial activity that could not be recorded in 
closely adjacent electrodes placed in the same atri- 
um, or in the contralateral atrium (Fig. 9). In Figure 
9A, a premature stimulus (arrow) applied to the 
right atrium at a coupling interval of 125 msec pro- 
voked localized repetitive responses at RÀ with 
propagation of one impulse to the other atrial elec- 
trodes. At a coupling interval of 115 msec (Fig. 9B), 
only the first response was recorded at RA», and no 
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FIGURE 9. Localized atrial activity in the dog heart during premature atrial stimulation. A, basic cycle length 290 msec; premature 
Stimulus delivered at 125 msec (arrow). B, basic cycle length 290 msec; premature stimulus delivered at 115 msec (arrow). Recording 
site 1 near atrial appendage; recording site 2 from body of atrium. Stimulus applied near RA2. ST = stimulus. Conventions in C (differ- 


ent dog experiment) as in Figure 9. See text for explanation. 


activity was recorded in the other atrial electrodes. 
In Fig. 9C (different experiment), right atrial pacing 
at a fixed rapid rate competed with atrial extrasys- 
toles and precipitated a burst of repetitive atrial 
activity (third stimulus) that was not recorded in the 
other atrial electrodes. 


Discussion 


Fibrillation in one atrium and slower, more regular 
activity in the contralateral atrium, on the basis of 
data derived from this study, is not caused by inde- 
pendent, dissociated atrial activity.8-9-16 Rather, our 
results suggest it is caused by impulses from the fi- 
brillating atrium which excite the contralateral atri- 
um to produce a slower, more regular rhythm. Abso- 
lute proof can be provided only by extensively map- 
ping interatrial conduction. The data we have gath- 
ered provide strong but indirect evidence. 

The immediate objection to our hypothesis—that 
the atrium that is depolarizing more slowly and reg- 
ularly must be doing so completely independently— 
can be countered by assuming that one atrium has a 
fairly fixed refractory period and is constantly 
subjected to stimuli from the fibrillating contralater- 
al atrium. Unlike the ven:ricles, which receive atrial 
impulses only after filtering by the atrioventricular 
node, each time the nonfibrillating atrium recovers 
its excitability, it will be depolarized again by im- 
pulses from the fibrillating atrium. Thus, a slower, 
more regular rhythm in one atrium may result; the 
rate and rhythm in this atrium will be determined by 
duration of the atrial refractory period and frequen- 
cy of stimulation arriving from the contralateral atri- 


um. The latter will be determined by the rate of fi- 
brillation in the contralateral atrium and the capaci- 
ty for interatrial conduction. The following observa- 
tions from our study support this concept: (1) The 
atrium discharging more slowly and regularly did not 
maintain absolute regularity and cycle lengths tend- 
ed to vary, suggesting excitation from the fibrillating 
atrium (Fig. 1). (2) Rhythms in both atria varied; 
the regularly discharging atrium transiently fibrillat- 
ed and the rhythm in the fibrillating atrium tran- 
siently regularized. (3) The right atrial tachyarrhyth- 
mia could not be terminated with rapid atrial stimu- 
lation as long as the left atrium fibrillated (Fig. 4 
and 5). (4) In the dog, fairly regular (though rapid) 
activity could be seen in one atrium, or area of an 
atrium, during fibrillation of the contralateral atri- 
um; vagotomy and administration of ouabain length- 
ened the atrial refractory period and slowed the reg- 
ular atrial rhythm still further; vagal stimulation, 
which shortened the atrial muscle refractory period, 
promptly converted the regularly occurring rhythm 
to fibrillation (Fig. 7). (5) During spontaneous termi- 
nation of fibrillation in one atrium and regular activ- 
ity in the other, the rhythm of the fibrillating atrium 
always regularized and became synchronous with 
that of the opposite atrium; then, both rhythms ter- 
minated together (Fig. 8). 

If rhythm is defined as the recurrence of an action 
at regular intervals?’ then, in the course of atrial fi- 
brillation, different parts of the same atrium may ex- 
hibit different rates and rhythms, and the same area 
may have different rates and rhythms at different 
times. It is likely that the dissimilar atrial rhythms 
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FIGURE 10. Atrial fibrillation recorded in the sinus nodal area in a dog. (See Addendum.) 


described in this communication are basic features of 
some forms of atrial fibrillation, particularly those 
called “coarse atrial fibrillation" or “flutter-fibrilla- 
tion.”18 During atrial fibrillation, *'coarsening" of 
atrial activity in the surface electrocardiogram, that 
is, periods when more discrete atrial activity be- 
comes evident, probably represents organization of 
fibrillatory impulses created by more uniform depo- 
larization of one atrium, or the major portion of one 
atrium. If fibrillation continues in the contralateral 
atrium, dissimilar atrial rhythms result. 

Effects of prolonged atrial refractory period: 
Significant prolongation of refractoriness prevents 
atrial fibrillation. At least three possibilities exist to 
explain how fibrillation can be induced in one atrium 
if the atrial refractory periods of both are significant- 
ly prolonged: (1) Since variation of the duration of 
the refractory period occurs within one atrium!? or 
between both atria,?9 it is possible to precipitate 
atrial fibrillation by premature stimulation at sites 
where the refractory period is quite short, whereas 
premature stimulation of areas in which longer re- 
fractory periods prevent short S;S2 intervals fails to 
induce fibrillation.19.29 (2) Stimulation of intracar- 
diac nerves?! may result in a local outpouring of ace- 
tylcholine which shortens atrial muscle refractory 
period in a discrete area and allows multiple re- 
sponses to rapid stimulation.?? The vagolytic effects 
of the barbituate anesthesia most likely prevented 
this factor from playing a significant role in the dog 
experiments since refractory periods remained un- 
changed after administration of atropine (2 mg in- 
travenously). (3) Since an atrial response may occur 
localized to a discrete area with a brief refractory pe- 
riod and fail to propagate to other portions of the 
same atrium or the contralateral atrium with longer 
refractory periods!9.22-24 (Fig. 9), the local response 
would tend to shorten rate-dependent refractoriness 


within the local area and possibly enable a second 
early response to occur. Gradually this may shorten 
the refractory period of a large enough portion of the 
atrium to produce uniatrial fibrillation. 

In addition to differences in duration of the re- 
fractory period, depression of interatrial conduction 
(Fig. 6), either by drugs or disease, would influence 
how rapidly the fibrillating atrium stimulated the 
contralateral atrium. Drugs that shorten atrial mus- 
cle refractoriness or speed conduction might reduce 
the tendency to develop dissimilar atrial rhythms of 
the type described here whereas drugs that have an 
opposite effect might increase this tendency. 

Clinical implications: The data from this study 
also substantiate the observation that, in man?? 
(Fig. 1A) and in the dog (Fig. 8), discrete atrial ac- 
tivity resembling flutter may appear in surface leads 
during uniatrial fibrillation. Also, the single atrium 
has sufficient electrical potential to produce recorda- 
ble activity in the surface electrocardiogram (Fig. 
2).18 Rhythms originating in the left atrium (Fig. 3) 
have been documented previously.25.26 

Results from an earlier study?” demonstrated atri- 
al pacing to terminate atrial flutter effectively on 13 
of 16 occasions and are in agreement with the experi- 
ence of others.28 However, in another report,?? atrial 
pacing uniformly failed to terminate atrial flutter in 
15 consecutive patients. Although the explanation of 
this discrepancy is not clear, our study may offer a 
clue. Persistent left atrial fibrillation prevents termi- 
nation of right atrial tachyarrhythmias with pacing. 
Conceivably, in some patients, the failure of right 
atrial pacing to terminate atrial flutter may be ex- 
plained by the presence of left atrial fibrillation and 
a slower, more regular right atrial rhythm diagnosed 
as atrial flutter. Also, degrees of interatrial block 
(Fig. 6) may prevent right atrial stimulation from 
affecting left atrial rhythms. 
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In a recent report®° illustrating the effectiveness of 
small doses of isoproterenol in treating patients with 
atrial quiescence, the latter term was applied to a 
form of atrial standstill in which the atria were inex- 
citable and lacked spontaneous atrial activity. The 
tracings in Figures 2 and 3 emphasize the fact that 
in some instances only one atrium or a portion of one 
atrium may actually become electrically silent and 
inexcitable. 
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Addendum 


In a separate animal study, begun after this man- 
uscript was submitted for publication, we created 
atrial fibrillation localized to the sinus nodal area by 
infusing toxic materials (in this case, high concentra- 
tions of manganous chloride and calcium gluconate) 
into the sinus nodal artery of the dog.?! Figure 10 il- 
lustrates atrial fibrillation recorded in the sinus 
nodal area. Activity in the atrial appendages fol- 
lowed more regularly and slowly, probably limited 
by the atrial muscle refractory period in these areas. 
This study was performed with the help of John C. 
Fischer, MD. 
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His bundle electrograms were obtained in 42 patients with heart dis- 
ease before, during and after intravenous isoproterenol infusion. The 
group consisted of 5 patients with normal conduction and 37 patients 
with atrioventricular or intraventricular conduction disease. The A-H 
interval could be measured in 38 patients. In 30 patients with a nor- 
mal A-H interval («130 msec), mean A-H time was 98 + 3.2 
msec (standard error of the mean) before and 77 + 3.2 msec dur- 
ing isoproterenol infusion. Mean A-H time in eight patients with a 
prolonged A-H interval was 178 + 12 msec before and 138 $ 13:9 
msec during isoproterenol infusion. The mean H-V time in 29 pa- 
tients with a normal H-V interval (<55 msec) was 46 + 1.2 msec 
before and 41 + 1.1 msec during infusion. Ten patients had pro- 
longed H-V time (mean 67 + 2.7 msec before, and 58 + 2.8 msec 
during isoproterenol infusion). In two patients with rate-dependent 
left bundle branch block, the critical rate for producing bundle 
branch block was increased with administration of isoproterenol. 

The following improvements in conduction were ncted in the pa- 
tients with second and third degree atrioventricular (A-V) block dur- 
ing isoproterenol infusion: (1) total reversal of second degree block 
proximal to the His bundle in two patients; (2) development of 2:1 
conduction in one of three patients with third degree A-V block and 
"split" H potentials; and (3) development of 3:1 conduction in one of 
three patients with third degree A-V block distal to the His bundle. 
We conclude that administration of isoproterenol may facilitate both 
normal and depressed conduction in the A-V node and His-Purkinje 
system. This effect may lead to partial or total reversal of second or 
third degree A-V block proximal to, in and distal to the His bundle. 


Isoproterenol hydrochloride has been used successfully in patients 
with Stokes-Adams attacks due to atrioventricular (A-V) block.!-* 
Recent observations in a limited number of patients suggest that the 
site of action of this drug is at the A- V node.? 

In this study, using the His bundle recording technique for deter- 
mination of site of action, we examined the effects of isoproterenol 
on patients with normal and depressed conduction. Our results 
suggest that isoproterenol may facilitate conduction in the A-V node 
and the His-Purkinje system. 


Methods 


The study group consisted of 42 patients with heart disease. Five had 
normal conduction, 26 had first degree A-V block or bundle branch block, 
or both, and 11 had second or third degree A-V block (Tables I and II). 

Informed consent was obtained from all subjects. His bundle electro- 
grams were recorded using previously described techniques, before, during 
and after administration of isoproterenol.8 Recordings were obtained on a 
multichannel oscilloscopic photographic recorder (Electronics for Medicine, 
DR-16) at paper speeds of 100 and 200 mm/sec. Multiple simultaneous 
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FIGURE 1. Simultaneous His bundle electrograms (HBE) and electrocardiographic lead Vz demonstrating improvement in conduction 
with isoproterenol infusion. P waves and atrial electrograms are labeled P, and the His bundle potential is labeled H. The heart rates 
(HR) are listed as are the A-H and H-V intervals. Paper speed is 200 mm/sec. Time lines are at 1 second intervals on this and all 
subsequent illustrations. A, control recording; B, recording obtained during isoproterenol! infusion. The fourth P is a premature atrial 
contraction. C, control recordings showing right bundle branch potential. Note the absence of atrial electrograms. This suggests that 
the high frequency potentials in panels A and B are His bundle and not right bundle potentials. The RB-V interval is listed. 


electrocardiographic leads were recorded in most patients. 
Isoproterenol, 0.2 mg, was dissolved in 200 cc of normal 
saline solution and given by continuous intravenous infu- 
sion. The infusion was adjusted to achieve a sinus rate of 
100 to 120/min in the patients with intact conduction or 
an escape rate of 60 to 70/min in patients with second or 
third degree A-V block. The occurrence of multiple pre- 
mature ventricular beats was also considered an end point 
for infusion. 

The following intervals were measured in millisec- 
onds?.8: (1) A-H, the interval from the first rapid deflec- 
tion of the atrial electrogram to the first high-frequency 
component of the His bundle electrogram, reflecting con- 
duction time through the A-V node. This interval could 
not be measured in patients with second or third degree 
A-V block proximal to the His bundle. (2) H-V, the inter- 
val between the first high-frequency component of the His 
bundle electrogram to the earliest initial deflection of the 
QRS complex on the surface electrocardiogram, reflecting 
conduction time in the His-Purkinje system. This interval 
could not be measured in patients with second or third 
degree A-V block distal to the His bundle. 


For each of these intervals, at least 10 beats were aver- 
aged both before and during administration of isoprotere- 
nol and the mean values were utilized for comparison 
(Fig. 1). In two patients with rate-dependent left bundle 
branch block, the paced rates at which block appeared 
before and during infusion were also determined. 


Results 


A-V nodal conduction (Tables I to III): A-H in- 
tervals could be measured in 38 patients (Fig. 1). Of 
these, 30 patients had a normal A-H interval («130 
msec).5 The mean A-H time in this group was 98 + 
3.2 (standard error of the mean) msec before and 77 
+ 3.2 msec during isoproterenol infusion (P «0.001). 
Mean A-H time in eight patients with prolonged 
A-H time was 178 + 12.0 msec before and 138 + 
13.9 msec during the infusion (P <0.01). In two pa- 
tients with second degree A-V block proximal to the 
His bundle, 1:1 conduction was observed during 
isoproterenol infusion (Fig. 2). There was improve- 
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TABLE | 


Clinical Features and Electrophysiologic Findings Before and During Isoproterenol Infusion 





Electrophysiologic Findings 





Age (yr) 
Case no. & Sex Electrocardiogram 
1 47F Normal 
2 48M Normal 
3 29M Normal 
4 68M Normal 
5 56M Normal 
6 19M 1° AVB 
7 56F 1° AVB 
8 52M 1° AVB 
9 60F 1° AVB 
10 41M 1° AVB 
11 57M 1° AVB, LBBB 
12 78M 1° AVB, LBBB 
13 79M 1° AVB, RBBB, LAD 
14 72M 1° AVB, RBBB 
15 47M 1° AVB, RBBB 
16 64M LBBB* 
17 78F LBBBt 
18 75M LBBB 
19 31F RBBB 
20 27F RBBB 
21 74M LBBB 
22 56F LBBB 
23 77M LBBB 
24 40M RBBB 
25 17M RBBB 
26 65M RBBB 
27 84M RBBB 
28 62M LBBB 
29 76M LBBB 
30 61M RBBB, LAD 
31 48M RBBB, LAD 


HR A-H H-V 
(beats /min) (msec) (msec) 

C Isp C Isp C Isp 
53 107 90 72 42 37 
81 104 110 71 50 42 
80 92 110 110 55 50 
54 80 115 100 40 40 
44 61 88 75 44 38 
61 110 182 120 43 37 
96 120 145 135 60 50 
91 122 175 114 47 41 
72 107 200 150 46 40 
58 100 205 95 40 33 
76 96 145 135 81 75 
79 139 100 77 79 67 
94 112 142 128 67 65 
78 102 236 226 70 67 
60 100 130 103 47 36 
74 96 85 55 63 55 
75 83 120 107 48 40 
83 111 95 63 57 51 
72 115 95 80 45 40 
65 91 65 50 54 45 
63 93 80 50 54 45 
78 98 100 60 48 43 
78 83 70 53 52 51 
76 90 95 70 55 51 
94 110 130 90 47 43 
75 100 110 68 37 37 
57 100 93 79 44 39 
66 100 105 84 70 54 
81 103 100 100 55 54 
71 104 100 75 56 48 
95 103 100 80 55 55 





* Rate-dependent. Thecritical rate producing left bundle branch block increased from 125 to195/min. 
} Rate-dependent. The critical rate producing left bundle branch block increased from 80 to 110/min. 
AVB = atrioventricular block; C = control; HR = heart rate; Isp = isoproterenol; LAD = left axis deviation; LBBB = left bundle 


branch block; RBBB = right bundle branch block. 


ment in conduction with isoproterenol in one patient 
with advanced A-V block and atrial fibrillation. Two 
patients with complete heart block proximal to the 
His bundle did not show improvement in conduc- 
tion. However, the escape rates in these two patients 
increased with administration of isoproterenol. 
Intraventricular conduction (Tables I to III): 
H-V intervals could be measured in 39 patients (Fig. 
1) The mean value in 29 patients with a normal 
H-V interval («55 msec)® was 46 + 1.2 msec before 
and 41 + 1.1 msec during isoproterenol infusion (P 
«0.001). Ten patients had prolonged H-V time with 
a mean of 67 + 2.7 msec before and 58 + 2.8 msec 
during the infusion (P «0.001). In two patients with 
rate-dependent left bundle branch block, the critical 
pacing rates for producing left bundle block were in- 
creased with isoproterenol infusion. In one patient, 
the rate increased from 125/min to 195/min (Fig. 3), 
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and in the other, from 80/min to 110/min. Three pa- 
tients with third degree block distal to H received 
isoproterenol. No improvement was seen in two pa- 
tients, despite an increase in escape rates. In one pa- 
tient, 3:1 conduction was observed during isoprotere- 
nol infusion (Fig. 4). 

Three patients with third degree A-V block and 
*split" H potentials suggestive of block in the His 
bundle were given isoproterenol; in two of these pa- 
tients, there was no improvement, and in one, 2:1 
conduction was observed during the infusion (Fig. 5). 


Discussion 
In 1952 Nathanson and Miller! first reported the 


successful use of orally administered isoproterenol for 


the treatment of Stokes-Adams attacks due to com- 
plete heart block. Subsequently dilute solutions of 
isoproterenol were administered by continuous intra- 
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TABLE II 


Clinical Features and Electrophysiologic Findings Before and During Isoproterenol Infusion in Patients with 


Second Degree, Advanced, and Third Degree A-V Block 








AR VR A-H H-V Grants in 
Age (yr) (per min) (per min) (msec) (msec) Condicion ‘with 
Case no.  &Sex Electrocardiogram Site of Block C Isp C Isp C Isp C isp Isoproterenol 
32 56F 2° AVB (type 1) Prox 82 75 98 IE ae 40 40 1:1 conduction 
developed 
33 52M 2° AVB (types 1 Prox 65 80 54 80 300 210 60 50 1:1 conduction 
and 2), LBBB developed 
34 80F Advanced AVB, Prox 40 72 Er Hes 40 40 Conduction 
AF improved 
35 32M CHB Prox 60 108 35 61 »* ur. 44 37 
36 40M CHB Prox 70 107 40 65 is xw: 44 37 
37 65F CHB His 86 45 45 75 60* 357 35 2:1 conduction 
developed 
38 60F CHB His 108 144 48 60 95 80* 45 35t 
39 63F CHB His 81 172 53 64 95 83* 47 44t 
40 86M CHB Distal 89 37 45 66 61 m 
41 74M CHB Distal 58 32 43 95 75 TE eg 
42 51F CHB Distal 130 141 36 47 84 70 baa “ie 3:1 conduction 
developed 





* represents A-H;. 
T represents H;-V. 


AF — atrial fibrillation; AR — atrial rate; CHB — complete heart block; Prox — proximal; VR — ventricular rate. 


Other abbreviations asin Table I. 


venous infusion for treatment of heart block. Since 
then, there have been sporadic reports?.5.931 de- 
scribing the successful use of isoproterenol by both 
intravenous and sublingual routes in the treatment 
of Stokes-Adams disease due to complete or ad- 
vanced A-V block. 


TABLE III 


Statistical Analysis of A-H and H-V Intervals Before and 
During Isoproterenol Infusion 








Interval Mean 
(msec) State (msec) SD SEM No. P Value 
A-H Cc 98 17.3 3.2 
(50-130) 30 «0.001 
l 77 17.0 9.2 
A-H e 178 33.9 12.0 
(«130) 8 «0.01 
l 138 39.2 13.9 
H-V C 46 5.8 1:2 
(31-55) 29 «0.001 
l 41 5.8 1.1 
H-V C 67 8.7 2.7 
(>55) 10 <0.001 
l 58 9.4 2.8 
C — control; | — isoprcterenol; no. — number of patients; 


SD — standard deviation; SEM —standard error of the mean. 


Fleming and Mirams!? used long-acting oral prep- 
arations of this sympathomimetic amine in eight pa- 
tients with advanced or third degree A-V block and 
showed an increase in heart rate and symptomatic 
improvement with abolition of Stokes-Adams at- 
tacks. In four of their patients reversion to normal 
sinus rhythm with 1:1 conduction was accomplished 
during therapy. Bluestone and Harris!! in 1965 used 
long-acting preparation of isoproterenol in 75 pa- 
tients with Stokes-Adams attacks. Of these, 40 had 
complete and 31 intermittent heart block, and 4 had 
a slow heart rate. Thirty-one patients had alleviation 
of symptoms, 32 needed an artificial pacemaker be- 
cause of failure of treatment, 9 died of unknown 
cause during therapy, and 3 required withdrawal of 
the drug because of side effects. Redwood‘ reported a 
5 year follow-up study of 203 patients with chronic 
heart block receiving orally administered long-acting 
isoproterenol. The condition of 42 percent of these 
patients was satisfactory with use of the drug for a 
mean period of 18.2 months, in the remaining 58 
percent of patients, pacing became necessary to con- 
trol symptoms. The clinical response was not related 
to the site of block or to the QRS duration in any of 
these series. 

The electrophysiologic site of action of sympatho- 
mimetic amines has been examined in the animal 
laboratory. Krayer et al.!? in 1951 demonstrated that 
epinephrine shortened A-V propagation time and re- 
duced the functional and absolute refractory periods 
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FIGURE 3. Recording with fate-dependent left bundle branch block during right atrial pacing. The pacing spikes : are labeled with ar- 
rows. The pacing rates (HR) are listed. A and B panels were obtained before isoproterenol (ISP) infusion; panels C and D were ob- 
tained during the infusion. A, at a rate of 110/min, intraventricular conduction is normal. B, left bundle branch block develops at a rate 
of 125/min. C, after isoproterenol infusion, intraventricular conduction is normal at a rate of 185/min. D, the critical rate of provoking 
left bundle branch block is increased to 195/min. 
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FIGURE 4. Recordings demonstrating development of 3:1 conduction during isoproterenol infusion in a patient with third degree A-V 
block distal to the His bundle. The atrial (AR) and ventricular rates (VR) are listed. A, control recording demonstrating complete block. 
Each P wave is followed by & conducted H potential and the QRS complex is not preceded by an H spike. The QRS complex shows a 
right bundle branch block configuration, and its duration is 0.15 second. B, during isoproterenol infusion; 3:1 block distal to the His 
bundle is present; the QRS complex has a similar configuration and its duration is 0.14 second. 
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FIGURE 5. Development of 2:1 conduction during isoproterenol, in a patient with third degree A-V block in the His bundle. A, control 
TUE showing complete A-V dissociation. Each P wave is followed by a His bundle potential, and every QRS complex is preceded 
by an H’ spike suggesting block in the His bundle ("split" H). The H'-V interval is 35 msec. B, recording obtained during isoprotere- 
nol infusion showing 2:1 conduction with every second P wave blocked distal to H. Split potentials are no longer seen, probably reflect- 
ing facilitation of conduction in the His bundle. 
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of A-V transmission in dogs. Alanis et al.,1? studying 
the effect of adrenalin on cardiac conduction in ani- 
mals, noted shortening of A-H and H-V intervals by 
36 and 13 percent, respectively. Wallace and Sar- 
noff!^ demonstrated that sympathetic nerve stimula- 
tion in animals caused significant changes in A-V 
conduction. The A-H interval was markedly short- 
ened with no effect on intraventricular conduction 
(H-V interval). Studies reported by Kassebaum and 
Vandyke?> indicated that isoproterenol had no effect 
on conduction velocity in sheep His-Purkinje fibers. 

Damato et al.,5 using the His bundle recording 
technique in man, demonstrated that isoproterenol 
shortened the A-H interval without affecting the 
H-V interval. The results of our study extend these 
findings. The A-H interval, a measure of A-V nodal 
conduction, was shortened in 36 of 38 patients. 
Isoproterenol produced significant shortening of A-H 
interval in patients with both normal and prolonged 
A-H time. In addition, isoproterenol totally reversed 
second degree A-V block proximal to the His bundle 
in two patients with this arrhythmia. 

In contrast to the results of Damato et al., our 
data demonstrated significant facilitation of conduc- 
tion in the His-Purkinje system with administration 
of isoproterenol, as shown in the following findings 
during isoproterenol infusion: (1) shortening of the 
H-V interval in patients with both normal and pro- 
longed H-V time; (2) increase in the critical rate 
necessary for provoking rate-dependent left bundle 
branch block in two patients; (3) partial reversal of 
third degree block distal to H in one patient; and (4) 
partial reversal of complete block with “split” H po- 
tentials (block in the His bundle) in one patient. 

The changes in H-V interval with isoproterenol 
are small and difficult to measure, since accuracy of 
measurement at the paper speed used is only +5 
msec. However, the mean values (of 10 beats) ob- 
tained before and after isoproterenol infusion were 
significantly different (P <0.001). Shortening of 
cycle length (increase in heart rate) with isoprotere- 
nol cannot explain the changes, since the H-V inter- 
val is constant with increases in heart rate produced 
by atrial pacing.9.7.8 

Mechanism of isoproterenol effects: The ob- 
served improvement in atrioventricular and intra- 
ventricular conduction produced by isoproterenol 
can be partially understood by noting the effects of 
this drug on cardiac action potentials. Conduction 
velocity is related to the amplitude and rate of rise of 
phase 0 of the cardiac action potential.19.17 These 


variables are partially determined by the resting 
membrane potential. Adrenalin has been found to 
increase both the resting potential and the ampli- 
tude of the action potential in cardiac conducting 
tissue.15.1? For adrenalin to exert an influence on the 
fiber to alter its conduction velocity, it apparently 
must alter the resting membrane  potential.1? 
Isoproterenol, being a sympathomimetic amine, is 
similar in action to adrenalin. The increase of con- 
duction velocity noted in cardiac conducting path- 
ways with isoproterenol was probably due to a 
hyperpolarizing effect on resting membrane poten- 
tials. This would be particularly true in patients 
with depressed conduction with hypopolarization of 
cell membranes. 

In the patients with a normal H-V interval, im- 
provement in conduction within the His-Purkinje 
system is unexplained, but is similar to the previous 
experimental observation by Alanis et al.1? 

Although not seen in this study, paradoxical wor- 
sening of conduction could occur in the His-Purkinje 
system with isoproterenol, reflecting (1) an increase 
in atrial rate with fixed refractory periods in the His- 
Purkinje system, or (2) enhanced phase-4 diastolic 
depolarization with an appropriate decrease in phase 
0 depolarization.?9 

Clinical implications: The results of our study 
suggest that isoproterenol could be useful in emer- 
gency management of all forms of A-V block. This 
should be true for A-V nodal block, when it occurs 
with digitalis intoxication or acute diaphragmatic in- 
farction, or for bilateral bundle branch block, when 
it occurs with anteroseptal infarction or chronic 
sclerodegenerative disease of the bundle branches.?! 
Even if isoproterenol infusion fails to improve con- 
duction, the increase in escape rates of both A-V 
junctional and idioventricular pacemakers could 
prove valuable. 

Our results should not be interpreted as suggesting 
that isoproterenol is a substitute for pacemaker im- 
plantation, which remains the most reliable means 
for increasing heart rate in patients with symptoma- 
tic A-V block. However, isoproterenol could be used 
for emergency management before pacemaker im- 
plantation in symptomatic patients. In selected cases 
of self-limited A-V block, isoproterenol might elimi- 
nate the need for temporary pacing. 
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Plasma renin activity and aldosterone secretion rates were mea- 
sured in 100 patients with essential hypertension in response to a 
low sodium diet and upright posture. Plasma renin activity showed a 
subnormal response in 22 percent of patients, and a greater than 
normal response in 4 percent. In contrast to findings in 50 normal 
subjects, there was a significant positive correlation between the in- 
cidence of subnormal renin response and patient age and level of 
diastolic blood pressure. There was no correlation between renin re- 
sponse and known duration of hypertension. Comparison of several 
clinical and biochemical variables among the renin study subgroups 
revealed no differences except that the group with a low level of 
renin activity excreted a greater amount of sodium. These data sup- 
port the hypothesis that a low renin activity level may evolve with 
time in patients with essential hypertension. 


A significant number of patients with hypertension who have a sub- 
normal increase in plasma renin activity in response to sodium de- 
pletion and upright posture do not have primary aldosteronism. 
They have usually been classified as having low renin essential hy- 
pertension. The incidence of low renin essential hypertension has 
been estimated to be about 25 percent in patients with essential hy- 
pertension.! The reason for a subnormal renin response in some pa- 
tients with essential hypertension is not known. Recently, Brunner et 
al.? stated that these patients have a much lower incidence of mor- 
bid cardiovascular events than patients with essential hypertension 
and a normally responsive renin system. Their data imply that 
subjects with a low level of renin activity are protected against the 
cardiovascular complications of hypertension. 

Our study was undertaken to determine whether the subnormal 
renin response evolves during the course of essential hypertension or 
is present at the onset of the disease. If the low renin response evolves 
during the course of essential hypertension, one would assume a 
correlation between the age of the patient or duration of hyperten- 
sion, or both, and the incidence of suppressed renin activity. The re- 
sults of our study demonstrate that in contrast to findings in normal 
subjects, there is a positive correlation between the age of the hyper- 
tensive patients and the incidence of low renin activity. In addition, 
the level of diastolic blood pressure is also positively correlated with 
the incidence of low renin hypertension. 


Material and Methods 


One hundred patients with essential hypertension and 50 normotensive 
control subjects were admitted to the Clinical Research Center of the Peter 
Bent Brigham Hospital. The normotensive persons ranged in age from 20 to 
60 years; 31 were male and 19 were female; 7 were black. They were taking 
no drugs and had no evidence of renal, cardiovascular or endocrine abnor- 
malities on routine screening. Some have been previously reported on.?.* 
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FIGURE 1. Upright plasma renin activity (PRA) (ng/100 ml per 
3 hours) in 100 patients with essential hypertension grouped by 
age, sex and race. All subjects were studied jn balance with a 
10 mEq sodium/100 mEq potassium intake. The lower limits of 
the normal range are indicated by a dashed line. 


The patients with essential hypertension ranged in age 
from 20 to 65 years; 60 were male and 40 were female. The 
criteria for inclusion of hypertensive patients in the study 
were as follows: outpatient supine diastolic blood pressure 
greater than 90 mm Hg determined on three different oc- 
casions, and documented evidence of hypertension for at 
least 6 months before the study. In addition, results of the 
following studies performed to eliminate known secondary 
causes of hypertension were required to be normal: rapid 
sequence intravenous pyelogram, creatinine clearance, 
urine culture, urinalysis, serum electrolytes, and 24-hour 
urinary vanillylmandelic acid (VMA), metanephrine, 17- 
hydroxysteroid and 17-ketosteroid excretory rates. If up- 
right renin activity in the sodium-depleted state was sub- 
normal, a saline load was given to show that the aldoste- 
rone secretory rate was suppressible. No patient had clini- 
cal or laboratory evidence of congestive heart failure or 
malignant hypertension. 

'The normotensive and hypertensive patients were stud- 
ied under identical conditions of metabolic balance. Med- 
ications were withheld from all patients for a minimum of 
2 weeks before hospitalization. All subjects received a 
constant diet of 10 mEq scdium/100 mEq potassium and 
participated in a defined activity program that was con- 
trolled throughout the entire study. In all patients, 5 days 
were allowed for achievement of metabolic balance with 
this diet before aldosterone secretory rate and upright 
plasma renin activity levels were determined. The renin 
activity was measured in plasma obtained at 9 AM after 
the patient had been walking for 3 hours. Blood pressure 
levels were determined by sphygmomanometer with the 
patient in the supine position on three separate occa- 
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FIGURE 2. Aldostercne secretory rate (ASR) (ug/24 hours) in 
100 patients with essential hypertension grouped by age, sex and 
race. All subjects were studied in balance with a 10 mEq sodium/ 
100 mEq potassium intake. The lower limits of the normal range 
are indicated by a dashed line. 


sions: on the day of admission, after 2 days of hospitali- 
zation and on the study day. The mean value of the three 
recordings is reported. Known duration of hypertension 
was standardized as extending from the time the patient 
first recalled being told that his level of blood pressure 


. was elevated. 


Laboratory Procedure 


Daily weight, fluid intake and urinary output values 
were recorded, and 24 hour specimens of urine were col- 
lected from 7 AM to 7 AM and kept refrigerated for mea- 
surements of sodium, potassium and aldosterone secretory 
rate. Accuracy of collection of urine was checked by daily 
creatinine determinations. Sodium end potassium concen- 
trations in the urine were determined by flame photome- 
try, utilizing lithium as an internal standard. Aldosterone 
secretory rate was determined by a modification of the 
Kliman-Peterson method? as previously described.? The 
coefficient of variation was 7.2 percent calculated from 
100 determinations performed in duplicate in our labora- 
tory. Upright plasma renin activity was assayed by a 
modification of the method of Boucher et al.6 Ten recov- 
ery experiments using added angiotensin amide gave 76 to 
100 percent of the known with a mean recovery of 90 + 7 
percent (standard deviation). Fifty duplicate samples 
run by this method resulted in a mean difference between 
duplicate samples of +10.4 percent of the total activity 
measured. 


Statistical Analysis 


The criterion for a suppressed value for upright plasma 
renin activity in subjects receiving & 10 mEq sodium/100 
mEq potassium diet was, as previously defined,? less than 
500 ng/100 ml per 3 hours, whereas that for an elevated 
value was greater than 4,100 ng/100 ml per 3 hours. These 
values fall outside the normal range in the normotensive 
control group. Statistical analysis was performed by either 
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or both a Student t test or tests for linear trend in propor- 
tions as defined by Snedecor and Cochran’ using a Gener- 
al Electric 635 computer. Results are expressed as mean 
+ standard error of the mean unless otherwise indicated. 


Results 


Comparison of normotensive and hypertensive 
groups: Values for aldosterone secretory rate and 
upright plasma renin activity for 100 patients with 
essential hypertension grouped by age, sex and race 
are given in Figures 1 and 2. The mean age of the 
patients with hypertension (38 years, range 20 to 65 
years) was greater but not significantly different 
from that in normal subjects (37 years, range 20 to 
60. years), and the male-female and race distribution 
was comparable in the two groups. The mean up- 
right plasma renin activity of the 50 normal subjects 
(2,030 + 120 ng/100 ml per 3 hours, range 770 to 
4,100 ng/100 ml per 3 hours) was significantly great- 
er (P «0.001) than that of the hypertensive patients 
(1,410 + 120 ng/100 ml per 3 hours, range 96 to 
8,000 ng/100 ml per 3 hours). The mean aldosterone 
secretory rate of the normotensive subjects (775 + 30 
ug/24 hours, range 314 to 2,078 4g/24 hours) was 
also significantly greater (P «0.05) than that of the 
hypertensive patients (670 + 45 ug/24 hours, range 
62 to 1,918 ug/24 hours). Electrolyte values in urine 
and blood in the hypertensive group were not signifi- 
cantly different from those of the normal group. 

Comparison of the renin subgroups in the hy- 
pertensive population: None of the normal subjects 
had an upright plasma renin activity level of less 
than 500 ng/100 ml per 3 hours; however, 22 percent 
of the hypertensive population did. Four percent of 
the hypertensive subjects had values greater than 
4,100 ng/100 ml per 3 hours. Table I summarizes 
several biochemical and physiologic variables of the 
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TABLE | 


Clinical and Biochemical Variables in 100 Patients with 
Essential Hypertension Classified by Renin Response to Salt 
Depletion and Upright Posture 

(mean + standard error of the mean) 





Renin Response Groups 








Low Normal High 
Patients (no.) 22 74 4 
Patient age (yr) 442-2 38+ 1 26221 


Diastolic blood pressure 
(mm Hg) 

Duration of hypertension (yr) 6+1 6+1 4+2 

Plasma renin activity 
(ng/100 ml per 3 hr) 

Aldosterone secretory rate 
(ug/24 hr) 

Urinary sodium excretion 
(mEq/24 hr) 


lH2u-3..1074-? . TSS 


340 + 30 1500+ 70 5620+ 400 


365+ 40 745+ 55 1050+ 170 
1323-1 9-E-T 6+1 


Urinary potassium excretion REA 74+ 2 86+ 5 
(mEq/24 hr) 
Serum sodium (mEq/liter) 14:1 14341 14341 


Serum potassium (mEg/liter) 4.3+0.1 4.4+ 0.1 4.4+0.1 


hypertensive patients grouped according to response 
of upright plasma renin activity. Because of the 
small number of patients in the group with a high 
level of renin activity, a valid statistical comparison 
could not be made with the other two renin groups. 
The male-female distribution was comparable in the 
various groups, with 22 percent of each sex manifest- 
ing reduced renin activity. However, there was a 
greater percentage of black (35 percent) than white 
(19 percent) patients in the group with low renin ac- 
tivity levels. Mean diastolic blood pressure and mean 


Clinical and Biochemical Variables in 100 Patients with Essential Hypertension Classified by Age Group 


(mean + standard error of the mean) 





Age Group (yr) 














20-30 31-40 41-50 
Patients (no.) 3l 18 32 19 
Patients with reduced plasma 
renin activity 
no. 2 4 9 7 
% e 6 22 28 37 
Duration of hypertension (yr) SzET DOT 9:3: 1 802 
Diastolic blood pressure (mm Hg) 104 + 2 106 + 3 110.2 109 + 4 
Plasma renin activity 2000 + 290 1300 + 210 1150 + 160 950 + 170 
(ng/100 ml per 3 hr) 
Aldosterone secretory rate 850 + 95 625 + 75 700 + 75 400 + 65 
(ug/24 hr) 
Urinary sodium excretion rE 102-1 122: 2 14+ 3 
(mEq/24 hr) 
Urinary potassium excretion 76 + 3 npa 72+ 4 7112-4 


(mEq/24 hr) 
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UPRIGHT PLASMA RENIN ACTIVITY (ng/IOOml/3hrs) 





ie) 
159. 20.-:95.- 30 ^35 40-749. 50". 55 ‘60 . 65 
AGE (yeors) 
FIGURE 3. Relation of 3 hour upright plasma renin activity to 


age in 50 normal subjects receiving a 10 mEq sodium/100 mEq 
potassium diet. 


age were greater, and the aldosterone secretory rate 
was lower in the group with reduced renin activity 
than in the groups with normal or high renin activity. 
There were few significant differences in electrolyte 
values among the three groups although the group 
with low renin values excreted significantly more so- 
dium and less potassium correlating with the lower 
rate of aldosterone secretion. 

Relation of incidence of low renin essential hy- 
pertension to age: A test of linear trend in propor- 
tions indicated that the incidence of suppressed 
renin activity in essential hypertension increased sig- 
nificantly with the patient's age (P «0.01) (Table 
ID. The mean aldosterone secretory rate also fell sig- 
nificantly with increasing age in the hypertensive pa- 
tients (P <0.01). In contrast, the upright plasma 
renin activity in the normal control group (Fig. 3) 
demonstrated no correlation with patient age (r — 
0.03, P 70.02). Although both the duration of hyper- 
tension and diastolic blood pressure showed a mod- 
erate increase with increasing age, these changes 
were not significant. The urinary sodium excretion 
rate increased with age, with the youngest group of 
patients excreting significantly less sodium (P 
«0.05) than the oldest group. 

Relation of low renin activity to level of diastol- 
ic blood pressure: There was a significant increase 
(P «0.025) in the incidence of suppressed renin ac- 
tivity (test of linear trend in proportions) and a sig- 
nificant decrease in the mean upright plasma renin 
activity level (P <0.02) with increasing diastolic 
blood pressure (Table III). The aldosterone secretory 
rate also fell with increasing diastolic blood pressure. 
There were no significant trends in patient age, 
known duration of hypertension or electrolyte values 
when patients were grouped according to blood pres- 
sure, but there was a significantly greater percentage 


(38 percent) of black patients in the group with the 
highest than in the group with the lowest level of di- 
astolic blood pressure (16 percent). 

Relation of duration of hypertension to inci- 
dence of low renin activity: In contrast to the asso- 
ciation of the incidence of low renin activity with age 
and diastolic blood pressure, there was no significant 
correlation of the incidence of suppressed renin ac- 
tivity with known duration of hypertension (0.05 < P 
<0.1). There were no differences in aldosterone 
secretory rate, diastolic blood pressure or electrolyte 
values among patients grouped according to duration 
of hypertension. As would be expected, patient age 
significantly increased (P <0.025) with increasing 
duration of hypertension. 


Discussion 

In our study, 22 percent of a group of patients with 
essential hypertension had a subnormal renin re- 
sponse to the dual stimuli of sodium restriction and 
upright posture. This finding agrees with data from 
previous reports using comparable stimuli for renin 
response.1-*.8-19 Qur study further demonstrates that 
the incidence of suppressed renin activity in essential 
hypertension was positively correlated with both the 
age of the patient and the level of diastolic blood 
pressure. On the other hand, there was no correla- 
tion with duration of hypertension or other factors 
that might influence renin activity except that the 
patients with reduced renin activity excreted a 
greater amount of sodium. 

Age: Few studies have considered in detail patient 
age and its relation to plasma renin response in nor- 
motensive or hypertensive subjects. Although in both 
normotensive and spontaneously hypertensive rats 
renin response may decrease with increasing age, 
this does not seem to be true in man. Our data and 
the study of Schalekamp et al.!? suggest that renin 
responsiveness probably does not decrease with age 
in normotensive human subjects. In contrast, in hy- 
pertensive man, low renin responsiveness had a sig- 
nificant positive correlation with age. In agreement 
with our study, some investigators have reported 
that patients with reduced renin activity are signifi- 
cantly older than the remainder of the population 
with essential hypertension.?:12-13 However, others 
have commented on the lack of age differences be- 
tween the group of patients with reduced renin activ- 
ity and patients found to have a normal renin 
response.!:14 The differences between the data 
in our study and those of previous reports are proba- 
bly due to several factors. First, our hypertensive 
population included a significant number of people 
under the age of 30 and over the age of 50 years, 
thereby making age correlations more applicable. 
Secondly, all subjects were studied on a rigidly de- 
fined protocol enabling a more precise definition of 
the limits of abnormal response. Finally, the size and 
composition of our normal population is much closer 
to that of our hypertensive group. therefore enabling 


640 October 1973 The American Journal of CARDIOLOGY Volume 32 


TABLE Ill 


LOW RENIN ESSENTIAL HYPERTENSION—TUCK ET AL. 


Clinical and Biochemical Variables in 100 Patients with Essential Hypertension Classified by Level of Diastolic Blood Pressure 


(mean + standard error of the mean) 





Diastolic Blood Pressure (mm Hg) 











90-99 100-109 110-119 120-129 130-139 
Patients (no.) 25 26 22 13 14 
Patients with reduced plasma 
renin activity 
no. 4 3 5 4 6 
% 16 11 23 31 43 
Patient age (yr) 38 + 3 37 2-2 42+ 3 36+ 2 46+ 3 
Duration of hypertension (yr) ae 2 4+1 9-41 8+2 5Æ T 
Plasma renin activity 1910 + 330 1640 + 210 1020 + 160 1200 + 350 850 + 150 
(ng/100 ml per 3 hr) 
Aldosterone secretory rate 750 + 100 730 + 80 700 + 120 580 + 80 500 + 80 
(ug/24 hr) 
Urinary sodium excretion 8:251 841 1420-4 10+ 2 17 3-5 
(mEq/24 hr) 
Urinary potassium excretion 7244 752-4 7025.5 79+ 4 7324 


(mEq/24 hr) 





more accurate comparisons. In agreement with most 
previous studies, we found no correlation between 
duration of hypertension and the incidence of low 
renin essential hypertension.! 2.5.1416 This discrep- 
ancy between age and duration and the incidence of 
low renin hypertension may reflect the inability to 
determine precisely the onset of hypertension in 
these patients since most were probably asymptom- 
atic for various periods of time before increased 
blood pressure was noted. 

Diastolic blood pressure: The incidence of low 
renin essential hypertension was also correlated with 
increasing levels of diastolic blood pressure in our 
study. This finding differs from the results of Brun- 
ner et al.,2 who noted a significantly greater mean 
diastolic blood pressure in their patients with a high 
level of renin activity than in the normal group or 
those with a low level of renin activity. In contrast to 
our findings, the increased renin secretion in their 
patients could have been secondary to renal abnor- 
malities as evidenced by increased blood urea nitro- 
gen and reduced serum potassium levels. Thus, the 
patients with a high level of renin activity in the two 
studies probably reflect different patient popula- 
tions. Moreover, since the two studies were per- 
formed with use of a different dietary sodium intake, 
comparison of results is difficult. Previous data on 
experimental and most forms of human hypertension 
have usually found no simple correlation between 
renin response and blood pressure levels.1*-15 On the 
other hand, Bloomfield et al.,!? who studied the ef- 
fect of hospitalization and low salt diet on blood 
pressure and renin response, found an inverse rela- 
tion of renin levels to blood pressure. Schalekamp et 
al.!? reported similar findings. 

Mechanisms of subnormal renin activity: The 
mechanism by which a subnormal renin response oc- 
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curs in certain patients with essential hypertension is 
not clear but may be a result of differences in sodium 
or potassium balance. However, the only difference 
in electrolyte values among our patients was a higher 
rate of urinary excretion of sodium in the patients 
with reduced renin activity. A similar difference in 
sodium conservation in low renin essential hyperten- 
sion has been noted by other workers.!2.14.16 It 
seems unlikely that the moderate differences in sodi- 
um excretion among the renin subgroups: contrib- 
ute to their different renin responses. 

It has been proposed that the subnormal renin re- 
sponse reflects a state of mineralocorticoid excess 
secondary to hypersecretion of an unknown miner- 
alocorticoid!5.19 or to an inappropriately high level 
of aldosterone for the given renin values.? Our study 
lends no support to this concept. In fact, the data in 
our group with a low level of renin activity (normal 
serum electrolytes along with slightly reduced uri- 
nary potassium and greater urinary sodium excre- 
tion) would imply less mineralocorticoid activity. 
However, subtle abnormalities in the regulation of 
the secretion of renin and aldosterone would not be 
evident in our study. For example, the low renin re- 
sponse could represent increased sensitivity of the 
adrenal gland to angiotensin levels with the resultant 
secretion of aldosterone being greater for the level of 
renin activity than in normal subjects. Further stud- 
ies with simultaneous measurement of blood levels of 
renin, angiotensin and aldosterone are necessary to 
clarify such possibilities. 

There is also evidence that low renin essential hy- 
pertension may be renal in origin. It has been postu- 
lated that there may be a decrease in renal mass!? or 
an alteration in the renal vasculature,?? or both, in 
hypertension which would make the renin system 
less responsive to a number of physiologic stimuli. 
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There is no direct support for these concepts from 
our study since there was no gross difference in renal 
function or mass as indicated by urinalysis, creati- 
nine clearance and intravenous pyelogram among 
our subgroups. Finally, it has been suggested that 
low renin essential hypertension may be prerenal in 
origin, with the high systemic level of arterial pres- 
sure acting on the afferent arteriolar baroreceptor to 
suppress renin secretion.? Our finding that renin re- 
sponse decreased with increasing blood pressure lev- 
els would indirectly support this hypothesis. 

Clinical implications: The results of our study 
suggest that some patients with essential hyperten- 
sion may have a normal or hyper-responsive renin 
system at the onset of their disease and only later in 
the course of the disease manifest a state of de- 
creased renin responsiveness. Renin response did not 
decline with age in our normotensive subjects, thus 
suggesting that other factors in combination with 
age are important in decreasing renin responsiveness. 


Our study shows that the level of blood pressure may 
be another factor operating in this process. If age 
and level of blood pressure act together to diminish 
renin responsiveness, one might anticipate that the 
duration of hypertension would also correlate with 
the incidence of low renin essential hypertension. 
The absence of such a correlation in our study may 
reflect the fact that the duration of hypertension was 
the most inaccurate of all the factors analyzed. Al- 
ternatively, patients with low renin hypertension 
may be a unique subpopulation whose disease begins 
later in life than that of patients with normal renin 
hypertension. A definitive answer will require a long- 
term longitudinal study of these variables in an un- 
selected population. 
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The possibility was explored that in hypertension, sympathetic ner- 
vous activity and renin-angiotensin status may be linked, especially 
in those subgroups of hypertensive patients characterized either by 
increased sympathetic nervous activity or by a low level of plasma 
renin activity. 

The changes in plasma renin activity and urinary catecholamine 
excretion in response to head-up tilting, insulin-induced hypoglyce- 
mia and increased mental activity were studied in patients with es- 
sential hypertension and subjects with normal blood pressure. Plas- 
ma renin activity and urinary noradrenaline excretion increased sig- 
nificantly with tilting in both groups. In a subgroup of hypertensive 
patients with an enhanced sympathetic responsiveness to tilting, as 
judged by changes in blood pressure and noradrenaline excretion, 
plasma renin activity at rest and the renin response to tilt were sig- 
nificantly greater than in either normotensive subjects or in the total 
hypertensive population. Conversely, in patients with “low renin es- 
sential hypertension,” the noradrenaline response to tilt was re- 
duced. Overall, among the hypertensive subjects, the plasma renin 
activity and noradrenaline responses to tilt showed a positive corre- 
lation (r = +0.69, P <0.01). 

By contrast, the responses to hypoglycemia and mental stress 
were characterized by significant increments in urinary adrenaline 
excretion alone, with only minimal changes in plasma renin activity, 
thus suggesting that adrenaline-provoking stimuli do not lead to sub- 
stantial increases in plasma renin activity in man. 


The control of renin secretion may be mediated through three, or 
possibly four, independent mechanisms.! The “macula densa theo- 
ry" views the macula densa of the distal renal tubule as a sodium 
sensor, receptive to changes in sodium load delivered to the distal 
tubule.2 The “baroreceptor hypothesis" ? holds that the glomerular 
afferent arteriole is an intrarenal baroreceptor, sensitive to changes 
in renal arterial pressure. The third factor directly influencing renin 
release is the activity of the renal sympathetic nerves*; the plasma 
concentration of catecholamines may also play a role.? The predomi- 
nant mechanism mediating the renin response in a particular situa- 
tion depends on the circumstances. With adrenergic stimuli, such as 
hypoglycemia? and change in posture, the renal sympathetic nerves 
and circulating catecholamines seem to have the dominant role, 
since the renin response can be abolished by adrenergic receptor- 
blocking drugs.*-8 

In recent years it has become clear that in approximately 20 to 30 
percent of patients with essential hypertension, the level of plasma 
renin activity is low at rest, and rises less than normally with stimuli 
such as sodium depletion and the upright posture.? Current research 
is largely directed toward the possibility that the suppression of 
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TABLE | 


Resting Values and Changes in Response to Tilting (means 
standard deviation) 


Hypertensive Normotensive 
Patients Subjects 
Resting Values 
Adjusted urinary noradrenaline 0.25 0.12 0.18 + 0.07 
excretion (ug/liter) 
Adjusted urinary adrenaline 0.08 + 0.06 0.07+ 0.05 
excretion (ug/liter) 
Plasma renin activity 1.23 3- 0.76 1.14 4 0.38 
(ng/ml per hour) 
Changes After 25° Head-Up Tilting 
Diastolic blood -Ep4.9-E 6.8} 35.12 3.4* 


pressure (mm Hg) 
Adjusted urinary noradrenaline 4-0.0823- 0.11; +0.05 = 0.05* 
excretion (ug/liter) 
Adjusted urinary adrenaline 
excretion (ug/liter) 
Plasma renin activity 
(ng/ml per hour) 
Creatinine clearance (976) 


+0.02+ 0.04 +0.02+ 0.03 


+0.27+0.31f +0.34+ 0.24} 


—10.04 17.4 —7.5+ 13.8* 


* P «0.05 (paired t test). 
1 P «0.01 (paired t test). 


renin release in “low-renin essential hypertension" is 
secondary to the effects of a sodium-retaining hor- 
mone, other than aldosterone, that may be secreted 
in excess by the adrenal gland.!? The activity of the 
sympathetic nervous system in this disorder has 
been little studied. Crane et al. have reported re- 
duced urinary catecholamine excretion in low-renin 
essential hypertension, but Jose et al.!! found no 
relation between plasma renin activity and the uri- 
nary catecholamine level. A reduction in the reflex 
responsiveness of the sympathetic nervous system 
has been described in essential hypertension!?: Ap- 
proximately one third of patients with essential hy- 
pertension responded to head-up tilting with a re- 
duced increase in total peripheral vascular resistance 
and postural hypotension. Whether reduced reflex 
sympathetic activity in hypertensive patients with 
such an “‘orthostatic hypotensive” response is related 
to the phenomenon of low-renin hypertension has 
not been investigated. 

In this study we tested this possibility by mea- 
suring urinary catecholamine excretion and plasma 
renin activity concurrently under four separate con- 
ditions: at rest, with head-up tilting, during insulin- 
induced hypoglycemia, and during “mental stress" 
in patients with essential hypertension and subjects 
with normal blood pressure. 


Methods 
Patients 


Forty-one untreated hypertensive patients (31 with sus- 
tained essential hypertension, 10 with borderline hyper- 
tension) and 20 normotensive subjects were studied. The 


sympathetic nervous system responsiveness to tilting in 33 
of the hypertensive patients and 9 of the subjects with 
normal blood pressure has been reported previously.!3 Of 
the hypertensive subjects, 34 had received no previous 
treatment for the hypertension, whereas 7 had received 
treatment in the past but not in the preceding 12 months. 
These seven patients had not been receiving treatment 
because their high blood pressure had been only recently 
diagnosed, was at borderline levels or had been pre- 
viously diagnosed, but the patient had discontinued ther- 
apy. The elevation in level of blood pressure was designat- 
ed sustained hypertension or borderline hypertension on 
the basis of average casual or “usual” blood pressure read- 
ings.14 The average blood pressure during the first 2 days 
of hospital admission, or during several outpatient visits, 
was greater than 155/95 mm Hg in all patients with sus- 
tained hypertension. In patients with borderline hyperten- 
sion, the average pressure under these conditions in each 
case ranged from 145/90 to 155/95 mm Hg, although occa- 
sional values were sometimes greater than 155/95 and 
sometimes less than 145/90 mm Hg. The figures of 155/95 
and 145/90 are based on the distribution of blood pressure 
in population studies, such as those reviewed by Julius 
and Schork.!* Secondary hypertension was reasonably ex- 
cluded by routine screening procedures including micros- 
copy and culture of urine, serum and 24-hour urinary so- 
dium and potassium levels, endogenous creatinine clear- 
ance, urinary catecholamine excretion and, in most cases, 
intravenous pyelography (no intravenous pyelogram was 
obtained in five patients with borderline hypertension). 
None of the female hypertensive subjects were taking oral 
contraceptive drugs. The severity of the hypertensive dis- 
ease was graded according to the scale of Corcoran et al.1® 
'The 20 normotensive subjects comprised 9 student volun- 
teers and 11 ambulatory general medical patients. None 
had cardiovascular or renal disease or a family history of 
hypertension. 

The investigations were performed in the hypertensive 
subjects while they were outpatients (25 subjects), or dur- 
ing the first 3 days of hospital admission (16 subjects) to 
minimize any effects of confinement and prolonged rest.1$ 
'The subjects with normal pressure were studied as outpa- 
tients (6 subjects), or as hospital inpatients (14 subjects). 
All had an unrestricted diet and fasted overnight before 
each procedure. 


Experimental Procedures 


Head-up tilting: The changes in blood pressure, uri- 
nary catecholamine excretion, creatinine clearance, plas- 
ma renin activity and urinary sodium excretion with 25? 
head-up tilting were measured in the 41 patients with hy- 
pertension and 12 subjects with normal blood pressure. 
The experimental procedure has been described pre- 
viously.13:17 Subjects rested supine in a single-bed ward 
for 90 minutes before the start of the study, at the end of 
which they emptied their bladder. Smoking was forbid- 
den, and drinking water was given throughout to ensure 
adequate urinary flow. Then, after 90 minutes of recum- 
bent rest, a timed urinary sample was collected for assay 
of catecholamines, creatinine and sodium. Blood was 
drawn at this stage, after 3 hours of recumbent rest, for 
estimation of serum creatinine and plasma renin activity. 
When blood pressure had stabilized after the venipunc- 
ture, the subjects were tilted head-up at 25° on a tilt-table 
for a further 90 minutes. Blood pressure was measured at 
frequent intervals with a sphygmomanometer, with the 
cuff at heart level. At the end of this period of tilt, further 
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samples of blood and urine were collected for estimation 
of plasma renin activity, creatinine, catecholamines and 
sodium levels. 

Insulin-induced hypoglycemia: The changes in blood 
pressure, urinary catecholamine excretion, plasma renin 
activity, plasma volume, and creatinine clearance with in- 
sulin-induced hypoglycemia were studied in six hyperten- 
sive patients and six subjects with normal blood pressure. 
The experimental procedure was as follows. A 21G scalp- 
vein needle was inserted in an arm vein 60 minutes before 
the start of the study, and the catheter was kept open 
with a slow infusion of 0.15M sodium chloride solution. 
Subjects then rested supine for 1 hour, at the end of 
which they emptied their bladder. The experiment com- 
prised two test periods: 90 minutes of supine rest: then, 
after injection of glucagon-free soluble insulin (Actrapid®, 
0.03 units/kg), they underwent a further 120 minutes of su- 
pine rest. Urine was collected at the end of both these pe- 
riods, acidified, and frozen for storage before the estima- 
tion of urinary free catecholamines and creatinine. Blood 
pressure was measured with a sphygmomanometer at 10 
minute intervals before administration of insulin and at 5 
minute intervals thereafter. Venous blood was withdrawn 
by means of the catheter for estimation of blood glucose 
levels immediately before the administration of insulin 
and 15, 30, 45, 60 and 120 minutes after administration of 
insulin. Blood sampling for the estimation of serum creat- 
inine and plasma renin activity was performed immedi- 
ately before the administration of insulin, and again 45 
minutes after administration. Plasma volume was mea- 
sured twice with Evans blue dye, before and 60 minutes 
after administration of insulin. 

“Mental stress": The effect of an anxiety-provoking 
situation on blood pressure, urinary catecholamine excre- 
tion and plasma renin activity was studied in 10 hyper- 
tensive patients and 6 subjects with normal blood pres- 
sure. The procedure used was that of Nestel,1® in which 
solving visual puzzles against the clock constitutes the 
stimulus. The experiment comprised two test periods: 90 
minutes of supine rest, followed by a 2 hour period that 
began with 45 minutes of “mental stress." Urine was col- 
lected for assay of catecholamines and creatinine at the 
end of both periods. Blood pressure was measured with a 
sphygmomanometer during the period before stress, and 
throughout the 45 minutes of mental stress, and the aver- 
age response was calculated. Venous blood was withdrawn 
twice for the estimation of plasma renin activity and 
serum creatinine, at the end of the pre-stress period, and 
after 45 minutes of problem solving. 


Laboratory Procedures 


Urinary free noradrenaline and adrenaline were assayed 
in duplicate by a modification of the trihydroxyindole 
method!? with differential fluorimetry using two sets of 
filters.2° Urinary creatinine was measured by a modifica- 
tion of the alkaline picrate method?!; serum creatinine 
was measured in a Technicon II AutoAnalyzer. Endoge- 
nous creatinine clearance was calculated from the values 
for serum creatinine concentration and urinary creatinine 
excretion. Urinary noradrenaline and adrenaline excretion 
values were adjusted for within-group differences in glo- 
merular filtration rate, and for incomplete emptying of 
the bladder, as follows: 

Adjusted catecholamine excretion (ug catecholamine/ 
liter of plasma cleared of creatinine) — catecholamine ex- 
cretion (ug/min)/glomerular filtration rate (liters/min). 
As with the commonly adopted convention of expressing 
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FIGURE 1. Relation between changes in adjusted urinary nor- 
adrenaline excretion and plasma renin activity with 25° head-up 
tilt. For the hypertensive subjects, r = +0.69, P <0.01. Adjust- 
ed noradrenaline excretion rate (calculated as g of noradrena- 
line/liter of plasma cleared of creatinine) = noradrenaline ex- 
cretion (ug/min) /GFR (liters /min). 


urinary catecholamine excretion in relation to the 
rate of excretion of creatinine, the assumption is made 
that adrenaline and noradrenaline excretion is a function 
only of plasma levels and glomerular filtration, renal tu- 
bular mechanisms having no role. This assumption re- 
mains unproved in man, and the evidence from animal 
experimentation is conflicting.?2.23 

Plasma renin activity was estimated by the bioassay 
method of Skinner,?* using the anesthetized ganglion- 
blocked rat. Blood glucose concentration was measured by 
the glucose oxidase method.?5 


Results 


Mean plasma renin activity and urinary adrena- 
line excretion at rest were similar in the 41 hyperten- 
sive patients and the 20 subjects with normal pres- 
sure (Table I), but adjusted urinary noradrenaline 
excretion was significantly higher in the hypertensive 
patients, 0.25 + 0.12 ug/liter (mean + standard de- 
viation) compared with 0.18 + 0.07 gg/liter in the 
normotensive subjects (P «0.05). Plasma renin ac- 
tivity was not related to either urinary noradrenaline 
or urinary adrenaline excretion in either group. 

Response to tilting: With head-up tilting, diastol- 
ic blood pressure, urinary noradrenaline excretion, 
plasma renin activity and glomerular filtration rate 
all changed significantly (Table I). The mean 
changes were not significantly different in hyperten- 
sive and normotensive subjects. There was little 
change in urinary adrenaline excretion with tilting in 
either group. The noradrenaline and plasma renin 
responses in the hypertensive subjects were positive- 
ly correlated (r = +0.69, P «0.01, Fig. 1). Among 
the 12 subjects with normal pressure there was also a 
trend to a direct correlation between changes in 
plasma renin activity and noradrenaline, but the 


October 1973 The American Journal of CARDIOLOGY Volume 32 645 


RENIN ACTIVITY IN ESSENTIAL HYPERTENSION—ESLER AND NESTEL 










ng/mi/hr 
Y 
o 


PLASMA RENIN ACTIVITY 
ò 


ng|[ml/hr (RECUMBENCY) 
+ 
60 


CHANGE IN 
PRA 

Hg $ 

A NN: 


mm 
X 


CHANGE IN CHANGE IN 
GFR% DIASTOLIC BP 
! * 


È 


CHANGE IN URINARY 
NORADRENALINE 





SYMPATHETIC TOTAL GROUP 
HYPER— LOW OF ESSENTIAL 
NORMAL RESPONDERS RENIN — HYPERTENSIVES 
BP n 


4 EXCRETION "pg/L" 
+ 
o 


ESSENTIAL HYPERTENSIVES 
x pP(O-O5 xx P4O-OI 

FIGURE 2. Sympathetic nervous system and renin responses to 
25^ head-up tilting in patients with essential hypertension and 
subjects with normal blood pressure. Mean values and standard 
deviations are indicated. The significance levels of the differ- 
ences between mean values for the normotensive subjects and 
the different groups of hypertensive patients are shown. 


correlation was not significant (r = +0.34, P >0.1). 
The change in plasma renin was not related to 
changes in glomerular filtration rate or urinary sodi- 
um excretion in either group. 

Twelve of 41 patients with essential hypertension 
who, in response to tilting, showed an increase in di- 
astolic pressure of 11 mm Hg or more, or an increase 
in adjusted urinary noradrenaline excretion of 0.15 
ug/liter or more were categorized as “sympathetic 
hyperresponders" on the basis of increases in blood 
pressure or noradrenaline that exceeded the response 
observed in any of the normal subjects.13 In 7 of 
these 12 patients, increases in both blood pressure 
and noradrenaline were above the normal range. 
Plasma renin activity at rest was higher in this group 
than in the normotensive subjects (1.80 + 0.90 
ng/ml per hour compared with 1.14 + 0.38 ng/ml 
per hour, P «0.05) (Fig. 2). The increase in plasma 
renin activity with tilting was also greater, (0.56 + 
0.21 ng/ml per hour compared with 0.34 + 0.24 
ng/ml per hour, P <0.05) (Fig. 2). It was antici- 
pated, but not confirmed, that these “sympathetic 
hyperresponders" to tilt, with larger increases in 


plasma renin activity and greater reductions in glo- 
merular filtration rate, might display a greater de- 
gree of sodium retention with tilting than the other 
hypertensive subjects. The decrease in urinary sodi- 
um excretion with tilting was 40 + 18 percent in this 
group, compared with 41 + 12 percent in the re- 
maining hypertensive patients. 

Plasma renin activity during tilting was 1.48 + 
0.41 ng/ml per hour in the subjects with normal 
blood pressure. Six of the patients with essential hy- 
pertension, with plasma renin activity of less than 
0.66 ng/ml per hour after 90 minutes of head-up tilt, 
had a renin level more than 2 standard deviations 
below the mean level of plasma renin activity during 
tilting in the normotensive subjects. These patients 
were categorized as “low-renin essential hyper- 
tensives." They tended to have diminished sympa- 
thetic responsiveness to tilting, with smaller rises in 
noradrenaline and blood pressure levels, and a small- 
er reduction in glomerular filtration rate than oc- 
curred in the subjects with normal pressure or the 
hypertensive group as a whole (Fig. 2). 

Responses to tilting also tended to be reduced in 
patients with severe hypertension (Fig. 3) and, over- 
all among the hypertensive patients, an indirect 
relation existed between both noradrenaline response 
and the severity index of the hypertensive disease (r 
— —0.34, P «0.05), and renin response and severity 
index (r = —0.35, P «0.05). 

Response to hypoglycemia: Although the fasting 
blood glucose level before administration of insulin 
was higher in the hypertensive patients than in the 
subjects with normal blood pressure (86 + 10 mg/ 
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FIGURE 3. Changes in plasma renin activity and adjusted nor- 
adrenaline excretion with tilting in subjects with normal pres- 
sures (N), patients with borderline hypertension (B), and in 
subjects with three grades of sustained hypertension (grade | — 
mild hypertension, severity index «2.5: grade II = moderately 
severe hypertension, severity index 2.5-5.0; grade lll = severe 
hypertension, severity index 75.0). Patients with low renin hy- 
pertension are excluded. Mean values and standard deviations 
are indicated. The number of subjects in each group is shown in 
brackets. 
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FIGURE 4. Effect of insulin-induced hypoglycemia on adjusted 
urinary catecholamine excretion, plasma renin activity and plas- 
ma volume in hypertensive and normotensive subjects. Mean 
values and standard deviations are shown. The significance lev- 
els of the changes with hypoglycemia are indicated (paired t- 
test). 


100 ml compared with 71 + 7 mg/100 ml, P «0.05), 
there were no significant differences in the mean 
maximal reductions with insulin (49 + 8 mg/100 ml 
in hypertensive subjects and 36 + 13 mg/100 ml in 
normotensive subjects) or in minimal blood glucose 
levels 30 minutes after administration of insulin (37 
+ 4 mg/100 ml and 35 + 14 mg/100 ml in hyperten- 
sive and normotensive subjects, respectively). With 
hypoglycemia, the adjusted value for adrenaline ex- 
cretion rose significantly in both hypertensive (+0.25 
+ 0.13 ug/liter) and normotensive subjects (+0.22 + 
0.15 ug/liter) (Fig. 4). There was no change in nor- 
adrenaline excretion. There were small changes in 
plasma renin activity in both groups, (+0.22 + 0.11 
ng/ml per hour in hypertensive and +0.13 + 0.30 
ng/ml per hour in normotensive subjects); the in- 
crease in plasma renin activity was statistically sig- 
nificant in the hypertensive subjects only (P <0.05, 
paired t test). Although plasma volume increased 
with hypoglycemia in both groups, this increase was 
significant only in the normotensive subjects, whose 
mean plasma volume rose from 16.4 + 1.5 cc/cm to 
18.6 + 1.7 cc/cm (P «0.05, paired t test). 

Response to **mental stress”: There were signifi- 
cant and similar increases in systolic and diastolic 
blood pressure during increased mental activity in 
both hypertensive and normotensive subjects (P 
«0.01) (Fig. 5). Adjusted values for adrenaline ex- 
cretion also rose significantly, from 0.06 + 0.06 ug/ 
liter to 0.12 + 0.06 ug/liter in both groups (P 


<0.05). There was negligible change in noradrenaline 
excretion or plasma renin activity. 


Discussion 


In our study, a relation was noted between reflex 
sympathetic nervous system responsiveness to tilting 
and both the resting level of plasma renin activity 
and the renin response to tilting. Patients with es- 
sential hypertension exhibit a broad range of sympa- 
thetic nervous responsiveness during tilting, extend- 
ing from the enhanced blood pressure and noradren- 
aline response of “sympathetic hyperresponders” to 
sympathetic underresponsiveness characterized by 
postural hypotension and negligible noradrenaline 
response.12.13 Patients with sympathetic hyperre- 
sponsiveness to tilt were found to have an elevated 
resting plasma renin level and the largest increase in 
plasma renin activity with tilting, whereas patients 
with low-renin essential hypertension, characterized 
by a suppressed plasma renin activity level at rest 
and with stimulation, showed sympathetic underre- 
sponsiveness to tilting. Overall, there was therefore a 
close correlation between the renin and noradrena- 
line responses to tilting. 

Renin response to tilting: There is strong evi- 
dence that the renin response to the upright posture 
is mediated through the sympathetic nervous sys- 
tem.9.8.26 Differences in the level of plasma renin ac- 
tivity at rest and renin responsiveness to tilting ob- 
served here may be a consequence of differences in 
reflex sympathetic nervous activity in the hyperten- 
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FIGURE 5. Changes in blood pressure, adjusted urinary cate- 
cholamine excretion and plasma renin activity with “mental 
stress" in hypertensive and normotensive subjects. Mean values 
and standard deviations are shown. The significance levels of 
changes with increased mental activity are shown (paired t-test). 
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sive population studied. But another possible inter- 
pretation is that the relation may be working in the 
reverse direction, through the influence of renin-an- 
giotensin status on sympathetic nervous system ac- 
tivity. A considerable body of evidence supporting 
such a possibility, has been recently reviewed by 
Ferrario et al.?7 Enhancement of sympathetic ner- 
vous activity by angiotensin acting both centrally 
and peripherally on the nervous system has been 
well documented in animals, and increased sympa- 
thetic nervous activity has been described in reno- 
vascular hypertension in man.28 

Enhanced sympathetic nervous system and renin 
responsiveness to head-up tilting in a proportion of 
patients with essential hypertension has been dem- 
onstrated here, and has been reported previously by 
Kuchel et al.,?? in hypertensive subjects with hyper- 
kinetic circulation. It is not known whether the larg- 
er posture-related increases in plasma renin activity 
and reductions in glomerular filtration rate in these 
patients with sympathetic hyperresponsiveness are of 
pathogenic significance. It was thought that with re- 
peated stimulation by the upright posture, the great- 
er changes in plasma renin activity and glomerular 
filtration rate might provide a potential mechanism 
for sodium retention and elevation of blood pressure 
level. However, the acute reduction in urinary sodi- 
um excretion on tilting was no greater in this 
group than in other patients with essential hyper- 
tension. 

Hypertensive patients with a reduced sympathetic 
and renin response to tilting appeared to fall into 
two categories: One group, the subjects with low 
renin hypertension, had low plasma renin activity at 
rest, and negligible renin response to tilt. In the sec- 
ond group, plasma renin activity at rest was within 
normal limits, but sympathetic and renin responses 
to tilt were diminished. Since sympathetic and renin 
responsiveness to tilting were related to the severity 
of the hypertensive disease, being least in severe hy- 
pertension, it was not surprising to find that the 
members of the second group, those with a normal 
plasma renin activity at rest, generally had severe 
hypertensive disease. In contrast, of the six patients 
with low resting plasma renin activity, five had bor- 
derline or mild hypertension only. Sympathetic un- 
derresponsiveness and a diminished plasma renin re- 
sponse to tilting were therefore found in two situa- 
tions: (1) in patients with severe hypertensive dis- 
ease, and (2) in patients with low renin hyperten- 
sion. In the latter, the findings could reflect reten- 
tion of sodium, with the sympathetic nervous system 
having no primary role in determining renin status. 
Plasma renin activity at rest and the sympathetic 


and renin responses to the upright posture are all re- 
duced in primary aldosteronism.?? Total body ex- 
changeable sodium is increased in low renin essential 
hypertension, and there is much indirect evidence 
implicating mineralocorticoid excess in the patho- 
genesis of this disorder.? 

Sympathetic nervous system responsiveness and 
renin responsiveness to tilting were also found to be 
related when patients with essential hypertension 
were treated with the beta adrenoceptor blocking 
drug, practolol. A reduction in reflex sympathetic 
activity observed during the course of long-term ad- 
ministration of this drug was significantly correlated 
with reduction in renin responsiveness.!? The reduc- 
tion in renin responsiveness in this context seemed to 
reflect altered sympathetié nervous activity directly, 
since “cardioselective” practolol, unlike propranol- 
0l, appears to have no direct effect on renin re- 
lease.31 

Renin responses to hypoglycemia and mental 
stress: Both insulin-induced hypoglycemia and 
mental stress were found to be poor stimuli for renin 
release. Although hypoglycemia produced a large 
adrenaline response of similar magnitude in hyper- 
tensive and normotensive subjects, the increase in 
plasma activity was small, and statistically signifi- 
cant only in the hypertensive subjects. Insulin-in- 
duced hypoglycemia has been shown to elevate plas- 
ma renin activity considerably in the dog. The in- 
crease in plasma volume with hypoglycemia may 
perhaps have been responsible for the reduced re- 
sponse observed in this study. With mental stress, 
blood pressure and urinary adrenaline excretion in- 
creased to a similar degree in hypertensive and nor- 
motensive subjects. These results are not necessarily 
at a variance with those of Nestel,18 who described 
an exaggerated blood pressure and catecholamine re- 
sponse to mental stress in borderline hypertension, 
since 8 of the 10 hypertensive subjects we studied 
had sustained hypertension. In both hypertensive 
and normotensive subjects, the stressful problem- 
solving procedure was without effect on plasma renin 
activity. 

The relative ineffectiveness of hypoglycemia and 
mental stress as renin-releasing stimuli may be relat- 
ed to the fact that in both conditions, unlike head- 
up tilting, the predominant catecholamine response 
involves adrenaline. From studies in the dog, it 
would appear that adrenaline has no direct effect on 
renin release, the renin response with adrenaline re- 
sulting from a diminution in renal blood flow. In 
contrast, noradrenaline and the renal sympathetic 
nerves have direct effects, independent of altered 
renal hemodynamics.?? 
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The relation of mean pulmonary arterial and mean left atrial pressure 
was examined in 200 patients with pure mitral stenosis and com- 
pared with that in a heterogenous group of 313 patients, including 27 
with normal hemodynamic and angiographic findings, 40 with coro- 
nary artery disease, 106 with aortic stenosis, 73 with aortic insuffi- 
ciency and 67 with mitral insufficiency. Linear regression analysis of 
mean pulmonary and left atrial pressures of the patients without mi- 
tral stenosis revealed nine patients with increased pulmonary pres- 
sure greater than 2 standard errors from the regression line. Three 
of these nine had acute pulmonary emboli, three had severe ob- 
structive lung disease and one had severe congestive heart failure. 
Mean pulmonary and left atrial pressures were compared in the pa- 
tients with mitral stenosis using the values for the regression line and 
standard error obtained from the patients without mitral stenosis. 
Thirty-seven of the 200 patients with mitral stenosis had increased 
pulmonary pressure greater than 2 standard errors from the regres- 
sion line. Fifteen of these 37 patients (41 percent) demonstrated 
pulmonary emboli or severe obstructive lung disease as compared 
with 9 patients (4 percent) of the 164 patients with mitral stenosis 
within 2 standard errors. From these data we conclude that pul- 
monary arterial pressure markedly in excess of left atrial pressure is 
common in mitral stenosis and carries an implication of pulmonary 
thromboembolism or severe lung disease. 


Mitral stenosis causes an increase in pulmonary arterial and venous 
pressure. The increase in pulmonary arterial pressure has been as- 
cribed to three factors: (1) passive transmission of left atrial pressure 
across the pulmonary capillary bed, (2) obliterative changes in the 
pulmonary vascular bed, and (3) pulmonary vasoconstriction in re- 
sponse to increased left atrial pressure (reactive pulmonary hyper- 
tension). This pulmonary vasoconstriction has been considered a 
protective mechanism that reduces pulmonary capillary pressure and 
prevents transudation of fluid into the alveoli as pulmonary venous 
pressure exceeds plasma colloidal pressure. 

Previous investigators!-? have examined the relation between pul- 
monary hypertension and mitral valve obstruction by comparison of 
pulmonary arterial and pulmonary wedge pressure. However, the 
prediction of mean left atrial pressure by mean pulmonary wedge 
pressure has recently been shown to be inaccurate when left atrial 
pressure levels are above the normal range.* Therefore, pulmonary 
wedge pressure is inadequate for a valid comparison of mean pulmo- 
nary arterial and left atrial pressure; left atrial pressure must be 
measured directly. All left atrial pressure values reported in our 
study were directly measured by transseptal atrial puncture. 

The demonstration of occult pulmonary emboli in several patients 
with mitral stenosis and excessive pulmonary pressure prompted a 
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reexamination of the relation between pressure levels 
in the pulmonary artery and the left atrium. This 
study reports on the clinical implications of a high 
pulmonary vascular gradient in patients with mitral 
stenosis and compares these findings with those of 
normal subjects and patients with other forms of 
heart disease. 


Materials and Methods 


The clinical records and cardiac catheterization data of 
200 patients with pure mitral stenosis were analyzed. Pure 
mitral stenosis was defined as mitral stenosis without mi- 
tral insufficiency, tricuspid or pulmonary disease and 
with only trace or absent aortic insufficiency. These data 
were compared with those of 27 subjects with normal 
hemodynamic and angiographic findings, 40 patients with 
coronary artery disease, 106 with aortic stenosis, 73 with 
aortic insufficiency and 67 with mitral insufficiency. Each 
patient underwent complete right and left heart catheter- 
ization including transseptal left atrial puncture. Mitral 
diastolic gradients were obtained from simultaneous re- 
cordings of left atrial and left ventricular pressures on 
equally calibrated gauges in all patients with mitral ste- 
nosis. Cardiac output was determined in duplicate by 
Fick or indicator-dilution technique, or both. Blood sam- 
ples were analyzed spectrophotometrically for oxygen con- 
tent by the method of Hickam and Frayser,? and values 
for duplicate samples were averaged. The mitral valve 
area was determined by the Gorlin formula and is expressed 
in square centimeters. Pulmonary arteriolar resistance 
(PAR) in Wood units was obtained by the formula: 


PAR = (pulmonary arterial mean pressure [mm Hg] 
minus left atrial mean pressure [mm Hg]/cardiac output 
(liters /min) 

Pulmonary arteriolar resistance of 5 Wood units or greater 
was considered excessive. The data were compared using 
linear regression analysis and standard t tests on an IBM 
1130 computer. 


Results 


Patients without mitral stenosis: The values for 
mean pulmonary arterial and mean left atrial pres- 
sure for each group are shown in Figure 1. The data 
for the patient groups without mitral stenosis reveal 
a linear relation between mean pulmonary arterial 
and left atrial pressure. The relation between these 
pressures in mitral stenosis is markedly different, 
showing a greater number of patients with excessive 
pulmonary hypertension. The slopes of the regression 
line of the patients without mitral stenosis approxi- 
mate 1 (range 0.8 to 1.1), whereas the slope of the re- 
gression line of the patients with mitral stenosis is 
1.7 (Fig. 1). Since the regression equation and stan- 
dard errors of estimate are similar in the patient 
groups without mitral stenosis, these data were 
pooled and analyzed together to form a basis for 
comparison with those of patients with mitral steno- 
sis. 

Figure 2 compares mean pulmonary arterial and 
mean left atrial pressure in the 313 patients without 
mitral stenosis. Regression analysis revealed a linear 
relation between pulmonary arterial and left atrial 
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FIGURE 1. Data representing mean pulmonary arterial 
pressure (ordinate) and mean left atrial pressure (abscissa) 
were compared by linear regression analysis for each 
patient group separately. Inserts show correlation coeffi- 
cient (R), standard error of the estimate (SEE), and equation 
for the regression line. 


pressure (Y = 1.0X + 7.7). The upper and lower 
lines describe 2 standard errors of estimate around 
the regression line. Patients with increased pulmo- 
nary pressure falling outside 2 standard errors were 
classified in the subgroup with a high pulmonary 
gradient, and their data were compared with those of 
patients whose pressure was within 2 standard errors 
(subgroup with a low pulmonary gradient). Nine of 
the 313 patients without mitral stenosis had mean 
pulmonary arterial pressure values greater than 2 
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FIGURE 2. Data representirg mean pulmonary arterial pressure 
(ordinate) and mean left atrial pressure (abscissa) were com- 
pared by linear regression analysis in 313 patients without mitral 
stenosis including 27 with normal hemodynamic and angio- 
graphic findings, 40 with coronary artery disease, 106 with aor- 
tic stenosis, 73 with aortic insufficiency and 67 with mitral insuf- 
ficiency. Upper and lower lines represent 2 standard errors of 
estimate from the regression line (center line). Inserts show cor- 
relation coefficient, standard error and equation for the regression 
line. Open circles represent patients with pulmonary throm- 
boembolism, severe obstructive lung disease or severe heart 
failure. 


standard errors from the regression line. Three of 
these nine patients had acute pulmonary throm- 
boembolism, documented by pulmonary radioisotope 
scan and arteriogram, three had clinical evidence of 
severe obstructive lung disease with markedly abnor- 
mal results of pulmonary function tests, and one pa- 
tient had severe congestive heart failure at the time 
of catheterization. Of the 23 patients with values with- 
in 2 standard errors and mean pulmonary arterial 
pressure greater than 30 mm Hg, 3 had severe heart 
failure and 1 pulmonary thromboembolism. 

Patients with pure mitral stenosis: The hemody- 
namic data for all 200 patients with pure mitral ste- 
nosis are shown in Table I (column 2). The data 
show a broad spectrum of mitral valve obstruction 
with wide ranges of mean pulmonary arterial pres- 
sure (10 to 81 mm Hg), mean left atrial pressure (6 
to 48 mm Hg), pulmonary arteriolar resistance (0.1 
to 24.3 Wood units) and mitral valve area (0.3 to 2.7 
cm?). Data on patients with mitral stenosis whose 
values were within 2 standard errors (subgroup with 
a low pulmonary gradient) and patients with in- 
creased pulmonary pressure greater than 2 standard 
errors (subgroup with a high pulmonary gradient) 
are shown in columns 3 and 4, respectively (Table I). 
The regression line and standard error obtained from 
the comparison of the pulmonary and left atrial 


TABLE | 


Hemodynamic Values in Mitral Stenosis (mean and range) 





Pulmonary Gradient Subgroup 








All Cases Low* Hight 

Patients (no.) 200 164 36 

Pulmonary arterial 33 27 eli 
mean pressure (10-81) (10-78) (43-81) 
(mm Hg) 

Pulmonary artericlar 4.0 2.4 10.91 
resistance (Wood (0.1-24.3) (0.1-11.1) (4.6-24.3) 
units) 

Leftatrial mean 20 18 27$ 
pressure (mm Hg) (6-48) (6-38) (16-48) 

Mitral diastolic 13 12 208 
gradient (mm Hg) (8-36) (12-30) (8-36) 

Cardiac output 3.9 4.0 3.28 
(liters/min) (1.9-7.0) (1.9-7.0) (2.0-5.3) 

Mitral valve area 1.2 1:3 0.78 
(cm?) (0.3-2.7) (0.3-2.7) (0.4-1.4) 

Arteriovenous O: 5.8 5.6 6.9§ 
difference (3.0-10.1) (3.0-9.2) (4.4-10.1) 
(vol %) 





* Patients within 2 standard errors of estimate of the regres- 
sion line. 

1 Patients with values greater than 2 standard errors from 
the regression line. 

1 Statistical comparison of these values has no meaning since 
the groups were formed on the basis of the relation between pul- 
monary arterial and left atrial pressure. 

§ Value statistically significantly different from correspond- 
ing value in group with low pulmonary gradient (P < 0.0001). 


pressure of the patients without mitral stenosis were 
used to compare these values in patients with mitral 
stenosis (Fig. 3). Thirty-seven patients had increased 
mean pulmonary pressure greater than 2 standard 
errors from the regression line. The clinical records of 
these 37 patients reveal that 15 (41 percent) had pul- 
monary disease that could increase pulmonary pres- 
sure, including 8 patients with pulmonary throm- 
boembolism, and 7 with clinical evidence of severe 
obstructive lung disease that long antedated the 
symptoms of mitral valve obstruction and was docu- 
mented by markedly abnormal results of pulmonary 
function tests. For comparison, the clinical records of 
the 164 patients whose pressure values were within 2 
standard errors (subgroup with low pulmonary gra- 
dient) were examined. Nine patients (5 percent) 
were found to have pulmonary disease; six had 
severe obstructive lung disease and three had doc- 
umented thromboembolism (Fig. 3). Comparison 
of the hemodynamic data revealed that the subgroup 
with the high gradient had significantly higher 
values for mean left atrial pressure, mitral diastolic 
gradient, arteriovenous oxygen difference and signifi- 
cantly lower values for cardiac output and mitral 
valve area (P = «0.0001) (Table I). 

Changes in pulmonary arteriolar resistance in pa- 
tients with mitral stenosis also provided good sepa- 
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ration of the subgroups with high and low gradients. 
Seventeen (36 percent) of the 47 patients with pul- 
monary arteriolar resistance greater than 5 Wood 
units and 7 (5 percent) of the 153 patients with a 
pulmonary arteriolar resistance of 5 units or less had 
pulmonary thromboembolism or severe lung disease. 

Mean pulmonary pressure was compared with ar- 
terial oxygen saturation data in the patients with 
mitral stenosis to determine if pulmonary hyperten- 
sion could be related to hypoxia (Fig. 4, left panel). 
The lowest level of arterial oxygen saturation record- 
ed was 88 percent, and regression analysis revealed 
no significant correlation between pulmonary pres- 
sure and arterial oxygen saturation (r = 0.47). 

The relation of pulmonary blood flow to pulmo- 
nary arterial pressure is shown in Figure 4, right 
panel. No significant correlation was shown between 
cardiac output and pulmonary pressure (r = —0.26). 


Discussion 


Pulmonary vasoconstriction in mitral stenosis: 
Wood! considered the behavior of the pulmonary 
vasculature the most important physiologic event in 
mitral stenosis. He noted that severe pulmonary hy- 
pertension was associated with both moderate and 
severe mitral valve obstruction and also pointed out 
the occurrence of equally severe mitral stenosis with 
only a mild increase in pulmonary arterial pressure. 
Wood and others!-?.9.? have ascribed inappropriate 
pulmonary hypertension to a protective reflex reduc- 
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FIGURE 3. Data representing mean pulmonary arterial pressure 
(ordinate) and mean left atrial pressure (abscissa) are listed for 
200 patients with pure mitral stenosis. The regression line and 
lines representing 2 standard errors of estimate obtained from 
the 313 patients without mitral stenosis are superimposed. The 
inserts show the correlation coefficient, standard error of esti- 
mate and equation for the regression line. Open circles repre- 
sent patients with pulmonary thromboembolism or severe ob- 
structive lung disease. 
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FIGURE 4. Left, mean pulmonary arterial pressure (ordinate) was compared with arterial oxygen saturation (abscissa) in 72 patients 
with mitral stenosis. Linear regression analysis revealed a correlation coefficient of (r — 0.47), demonstrating little correlation between 
mean pulmonary arterial pressure and arterial oxygen saturation. Right, mean pulmonary arterial pressure (ordinate) was compared 
with cardiac output (liters/min) (abscissa) in 200 patients with mitral stenosis. Linear regression analysis revealed the correlation 
coefficient to be (r = —0.26), showing virtually no correlation between mean pulmonary arterial pressure and cardiac output. 
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ing pulmonary capillary pressure and preventing 
transudation of fluid from the intravascular space. 
`- This vasoconstriction seldom occurs in patients with 
a mean left atrial pressure of less than 25 mm Hg 
(Fig. 3),8 and is accompanied by histologic 
changes in the pulmonary arterioles.? Pulmonary 
resistance in patients with mitral stenosis and 
pulmonary hypertension has been shown to decrease 
markedly during infusion of hexamethonium? and 
acetylcholine,19-12? thus suggesting a reflex mecha- 
nism. The reactive nature of the pulmonary hyper- 
tension is also demonstrated by the marked decrease 
in pulmonary pressure that occurs after mitral valve 
surgery. Braunwald et al.!3 reported that 31 patients 
with pulmonary hypertension had a postoperative 
decrease in pulmonary systolic (or right ventricular 
systolic) pressure from 75 to 39 mm Hg (mean 
value). Zener et al.!* described 27 patients with mi- 
tral stenosis and pulmonary systolic pressure greater 
than 100 mm Hg who demonstrated a decrease from 
115 mm Hg preoperatively to 50 mm Hg postopera- 
tively (mean pulmonary systolic pressure). Gadhoke 
et al.!* reported on 16 patients with pulmonary arte- 
rial pressure of 80 mm Hg or greater whose pressure 
decreased by an average of 55 mm Hg after mitral 
valvulotomy. 

The potential reserve in compliance of the pulmo- 
nary circulation was demonstrated by Charms et al.3 
and Widimsky et al.9 These investigators used bal- 
loon occlusion of one pulmonary artery and found 
little or no change in pulmonary pressure in the 
contralateral pulmonary artery in patients with se- 
vere mitral stenosis. Since cardiac output did not 
change in these experiments, the pulmonary resis- 
tance was abruptly reduced by half in the unocclud- 
ed lung, thus suggesting a reflex mechanism for the 
increased pulmonary pressure. 

Balloon occlusion studies in some patients have re- 
sulted in a marked increase of pressure in the unoc- 
cluded pulmonary artery, signifying the presence of 
fixed obliterative changes in the pulmonary vascula- 
ture of these patients.19:17 The pulmonary vascular 
response to infusion of hexamethonium and acetyl- 
choline, mitral valvulotomy and unilateral pulmo- 
nary arterial occlusion points to increased arteriolar 
tone as the underlying basis for pulmonary hyperten- 
sion in many patients. 

Aviado et al.18 demonstrated a vasoconstrictor re- 
flex in the lungs mediated by the thoracic sympa- 
thetic nerves and activated by anoxia of the carotid 
and aortic chemoreceptors. Activation of this reflex 
requires at least a 10 percent reduction in arterial 
oxygen saturation which did not occur in any patient 
in our study group. Pulmonary pressure in our study 
was not related to arterial oxygen saturation (r = 
0.47) (Fig. 4). 


Increases in pulmonary blood flow also may in- 
crease pulmonary pressure.!? Excessive cardiac out- 
put was not found in any of our patients, and no sig- 
nificant correlation could be shown between cardiac 
output and pulmonary pressure (r = —0.26). The 
mean pulmonary arterial pressure for patients with 
cardiac output greater than 5.5 liters/min (upper 
limits of normal) was 27 mm Hg. 

Role of pulmonary thromboembolism in ob- 
structive disease: Linear regression analysis shows 
that in the 313 patients without mitral stenosis ana- 
lyzed separately by patient group and then together 
as a group, the relation between mean pulmonary 
and left atrial pressure was linear. Excessive eleva- 
tion of mean pulmonary pressure was seen in nine 
patients, and seven of these had congestive heart 
failure, acute pulmonary thromboembolism or severe 
obstructive lung disease. Regression analysis on data 
in the patients with mitral stenosis also reveals a lin- 
ear relation, but the pulmonary pressure response is 
exaggerated (slope of regression line — 1.7) and the 
incidence of excessive pulmonary pressure is greater 
(Fig. 1)..In the 37 patients with mitral stenosis and 
increased pulmonary pressure greater than 2 stan- 
dard errors, 15 (41 percent) had pulmonary throm- 
boembolism or severe lung disease. 

The clinical data were obtained prospectively in 78 
patients (39 percent) in the group with mitral steno- 
sis. In these 78 patients, 21 were in the subgroup 
with a high pulmonary gradient, and 11 (52 percent) 
of these had obstructive lung disease or pulmonary 
thromboembolism. In the 122 patients studied re- 
trospectively, 16 were in the subgroup with a high 
pulmonary gradient, and 4 (25 percent) had obstruc- 
tive lung disease or pulmonary thromboemboli. 
Many patients in the retrospectively studied group 
were hospitalized before the availability of pulmo- 
nary radioisotope scans or arteriograms; therefore 
the true incidence of pulmonary thromboemboli may 
be higher than that documented here. Our data 
suggest that patients whose pulmonary arterial pres- 
sure is greatly in excess of left atrial pressure are 
likely to have pulmonary thromboembolism or severe 
obstructive lung disease and that this increased pul- 
monary vascular gradient is particularly common in 
patients with mitral stenosis. 
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Sequenced external counterpulsation, a noninvasive technique for 
ventricular assistance, was compared with intraaortic balloon pump- 
ing. With sequenced external counterpulsation external pressure is 
applied during ventricular diastcle to. cuffs located from distal to 
proximal sites on each limb. This procedure causes return of arterial 
blood to the central circulation which augments central aortic pres- 
sure and, possibly, coronary flow. The limb cuffs are rapidly deflated 
just before ventricular systole sc that peripheral resistance is less- 
ened, thereby decreasing left ventricular afterload. The cardiovascu- 
lar effects of this method have been studied in anesthetized baboons 
with normal blood pressure and with cardiogenic shock, and in 
awake human beings with normal blood pressure. Intraaortic balloon 
pumping was studied in normal dogs and baboons and then in these 
same animals during cardiogenic shock. 

Sequenced pulsation caused cardiac outpu: to increase by 25 
percent in normal baboons, 17 percent in baboons with cardiogenic 
shock and 11 percent in normal human volunteers. Intraaortic bal- 
loon pumping caused cardiac output to increase by 4 percent in nor- 
mal animals and 9 percent in animals with cardiogenic shock. Dia- 
stolic augmentation of the central aortic pressure pulse was 
achieved uniformly with both methods. Thus, sequenced external 
pulsation increased cardiac output to a greater degree than intraaor- 
tic balloon pumping, whereas diastolic pressure was augmented 
equivalently. External counterpulsation probably augments venous 
return in addition to its effects on the arterial system. Because the 
technique is totally noninvasive it may play a role in the therapy of pa- 
tients with cardiogenic shock. 


Although inroads have been made into the control of life-threatening 
arrhythmias in patients with acute myocardial infarction, the mor- 
tality rate associated with cardiogenic shock is still 80 to 90 percent.1-3 
Some of these patients who die with shock might be saved if a de- 
vice were available to assist the failing left ventricle. 

Although various methods for cardiac assistance have been devel- 
oped, including intraaortic balloon pumping, the majority require 
some coupling directly to the bloodstream. The sequenced pulsator is 
an external device for cardiac assistance that does not require ad- 
ministration of anticoagulant agents or cannulation of any blood ves- 
sels and therefore can be utilized with minimal time delay. 

In this study, we determined the cardiovascular effects of the se- 
quenced pulsator (Hamilton Standard Diyision, United Aircraft Cor- 
poration, Windsor Locks, Conn.) in anesthetized baboons with nor- 
mal blood pressure and with cardiogenic shock, and in awake human 
volunteers with normal blood pressure. The results of sequenced pul- 
sation were compared with those of intraaortic balloon pumping in 
normal dogs and baboons and in these animals during cardiogenic 
shock. 
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VENTRICULAR VENTRICULAR DIASTOLE 


SYSTOLE 
FIGURE 1. Diagrammatic representation of sequenced pulsator. 
At the onset of ventricular systole the pressure in each zone is 
released. During ventricular diastole the zones inflate sequen- 
tially from distal to proximal limb. 


Methods 


Studies utilizing the sequenced pulsator were performed 
in 6 normal baboons, 12 baboons with cardiogenic shock 
and 7 normal awake human volunteers. Baboons were uti- 
lized because their anatomic features are similar to those 
of man. 

The sequenced pulsator consists of arm and leg sections 
divided into multiple zones, each of which may be indi- 
vidually and separately activated to compress externally 
the enclosed body tissue (Fig. 1). Activation is accom- 
plished by inflating a chamber in each zone with com- 
pressed air. Flexible hoses connect the pressure enclosures 
for the arms and legs to the pressure and timing control- 
ler. The electrocardiographic signal from the patient di- 
rects the sequenced inflation of the zones through a series 
of solenoid valves. The sequencing pattern can be varied 
by controls on the master console. In these studies 30 
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FIGURE 2. Cardiac output in normal baboons during control 
state and during sequenced pulsation. 


msec interval between inflation of adjacent zones was uti- 
lized. The onset of cuff inflation can be set manually ac- 
cording to the length of cardiac systole. At the start of the 
QRS complex, all pressure is simultaneously evacuated 
from the limb cuffs so that the heart pumps against a re- 
duced pressure in the aorta. At the onset of cardiac dias- 
tole the sequenced pressure inflation is begun. This proce- 
dure permits blood to return to the central circulation and 
there is a consequent increase in central aortic pressure. 
When the ventricle contracts there is diminished resis- 
tance in the periphery due to the previous emptying of ar- 
terial blood into the central circulation during the preced- 
ifig diastole. 

Intraaortic balloon pumping was performed in five dogs 
or baboons both before and after the induction of cardi- 
ogenic shock. The Simas augmentation unit (Hamilton 
Standard Division, United Aircraft Corporation) was uti- 
lized for aortic counterpulsation. 
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FIGURE 3. Diastolic augmentation of the central aortic pressure pulse during sequenced pulsation in a normal baboon. 


October 1973 The American Journal of CARDIOLOGY Volume 32 657 


COUNTERPULSATION IN SHOCK—COHEN ET AL. 


C.O. 
Liters/min i 





CONTROL 


SEQUENCED 
PULSATOR 


FIGURE 4. Cardiac output in baboons with cardiogenic shock 
during control state and during sequenced pulsation. 


Baboons were premedicated with phencyclidine hydro- 
chloride (Sernalyn, Bio-Ceutic Laboratories, Inc., St. Jo- 
seph, Mo.) and anesthetized with pentobarbital; the dogs 
received pentobarbital alone. All animals were ventilated 
with a Harvard respirator through an endotracheal tube. 
Catheters connected to Statham P23Db pressure trans- 
ducers were placed in the right atrium and central aorta. 
Cardiac output was measured by injecting indocyanine 
green dye into the right atrial catheter and sampling from 
the central aortic catheter. The arterial blood traversed a 
densitometer that was connected with a recorder and an 
integrator (Beckman Cardiodensitometer, Beckman In- 
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FIGURE 6. Cardiac output in human subjects during control state 
"and during sequenced pulsation. 


struments, Spinco Division, Palo Alto, Calif.). All cardiac 
output determinations were performed in duplicate. 
Cardiogenic shock was induced by the injection of mer- 
cury (0.2 to 0.6 ml) selectively into the left main coronary 
artery through a Sones catheter.* Mercury was injected in 
0.2 ml aliquots until the level of aortic mean pressure had 
fallen to approximately half of the control values. Virtual- 
ly all of the mercury injected embolized to the coronary 
artery since total body fluoroscopy rarely showed mercury 
elsewhere. It was not considered necessary to inject exact- 
ly the same quantity of mercury into each animal since 
the end point desired was cardiogenic shock. Shock oc- 
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curred predictably in all animals, as evidenced by a 
marked decrease in both systemic blood pressure and car- 
diac output. 

Seven normal human volunteers were also studied in 
the resting, postabsorptive state without premedication. 
Cannulation of the brachial artery and brachial vein was 
performed for pressure measurement and cardiac output 
determinations. The venous and arterial cannulas were 
advanced beyond the thoracic inlet. 

Measurements of aortic pressure or cardiac output dur- 
ing countérpulsation were made only after at least 5 min- 
utes of counterpulsation during a steady state period. 
Control states preceded and followed each period of coun- 
terpulsation. 


Results 


Studies of sequenced pulsation in normal ba- 
boons: Figure 2 shows the cardiac output data in six 
normal baboons. The average control cardiac output 
of 2.56 liters/min increased to 3.20 during sequenced 
pulsation. Cardiac output increased an average of 25 
percent (range 5 to 53 percent) (P «0.05). 

An example of. the changes in arterial pressure 
wave form appears in Figure 3, which compares 
values for central aortic pressure in the control state 
(left panel) and during sequenced pulsation (right 
panel). As an estimate of the degree of diastolic aug- 
mentation, the diastolic area of the aortic pressure 
pulse was compared with the systolic area of this 
pulse. The central aortic pressure pulse was divided 
into systole and diastole and each phase of the cardiac 
cycle was determined by planimetry. The ratio of di- 
astolic to systolic area under the central aortic pres- 
sure curve averaged 0.47 in the control state and rose 
to 0.97 during sequenced pulsation. This change in 
ratio primarily reflects the augmentation of diastolic 
pressure during counterpulsation. 

Studies of sequenced pulsation in baboons in 
cardiogenic shock: In 12 baboons the average cardi- 
ac output during the control state of cardiogenic 
shock was 1.15 liters/min and increased to 1.35 dur- 
ing sequenced pulsation (Fig. 4). Cardiac output in- 
creased during sequenced pulsation an average of 17 
percent (range 1 to 29 percent); this change was sig- 
nificant (P «0.001). 

Figure 5 shows an example of the changes in cen- 
tral aortic pressure pulse. Tracings obtained in the 
control state before shock and during sequenced pul- 
sation appear in the upper two panels. In this ba- 
boon with cardiogenic shock the electrocardiogram 
displays an acute current of injury and the central 
aortic pressure is 68/50 mm Hg. During sequenced 
pulsation diastolic augmentation of the central aortic 
tracings is displayed. In the whole series the ratio of 
diastolic to systolic area of the central aortic pres- 
sure pulse was 0.57 during the control state of cardi- 
ogenic shock and rose to 1.54 during sequenced pul- 
sation. 

Studies of sequenced pulsation in normal 
subjects: The average control cardiac output in 
seven normal human volunteers was 5.47 liters/min 
and increased to 6.10 during sequenced pulsation 
(Fig. 6). This increase represents an average rise of 
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12 percent (range 6 to 24 percent); this change was 
significant (P «0.05). 

An example of the arterial pressure tracings ap- 
pears in Figure 7. During the first four complexes the 
sequenced pulsator is activated. It is turned off at 
the end of the fourth complex, and the fifth and 
sixth complexes represent the control state. The de- 
gree of diastolic augmentation displayed is represen- 
tative of the seven studies performed. In the whole 
series the ratio of diastolic to systolic area of the bra- 
chial arterial pressure pulse was 0.58 in the control 
state and rose to 0.91 during sequenced pulsation. 

Studies of intraaortic balloon pumping in nor- 
mal animals: The cardiac output data in three nor- 
mal dogs and two baboons are given in Figure 8. The 
data from dogs were used only after careful compari- 
son of the effects of intraaortic balloon pumping on 
dogs and baboons. No species difference was found. 
The average control value for cardiac output was 2.0 
liters/min and rose to 2.07 during balloon pumping. 
Cardiac output increased an average of 4 percent 
(range —1 to +10 percent) (not significant). 
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FIGURE 8. Cardiac output in baboons and dogs during control 
state and during intraaortic balloon pumping. 
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FIGURE 9. Diastolic augmentation of the central aortic pressure 
pulse in normal animal during intraaortic balloon pumping. 
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FIGURE 10. Cardiac output in baboons and dogs with cardi- 
ogenic shock during intraaortic balloon pumping. 


Figure 9 shows an example of the changes in arte- 
rial pressure wave form. The central aortic pressure 
in the control state (left panel) is compared with the 
pressure during balloon pumping (right panel). The 
ratio of diastolic to systolic area averaged 0.78 in the 
contro] state and 2.10 during intraaortic balloon 
pumping. 

Studies in intraaortic balloon pumping in ani- 
mals with cardiogenic shock: Cardiac output in- 
creased by an average of 9 percent (range 8 to 12 
percent) during intraaortic balloon pumping (Fig. 
10). The ratio of diastolic to systolic area of the cen- 
tral aortic pressure tracing changed from 0.76 in the 
control] state to 2.04 during intraaortic balloon 
pumping. 

Table I compares the hemodynamic findings dur- 
ing sequenced external counterpulsation and those of 
intraaortic balloon pumping. Although the two 
methods produced comparable degree of diastolic 
augmentation, the increase in cardiac output with 
sequenced pulsation was greater. 

Hemodynamic measurements were made in 12 
dogs after coronary embolization induced by injec- 
tion of 0.5 ml of mercury. These studies permitted 
hemodynamic measurements made with external 
counterpulsation to be compared with those found in 


TABLE 1 

Comparison of Hemodynamic Findings During 
Sequenced Externa! Counterpulsation and 
Intraaortic Balloon Pumping 


Cardiac Output Systolic/Diastolic Ratio 





Control Shock Control Shock 
SEC 12595 t17% 
(5 to 53) (1 to 29) 0.47 — 0.97* 0.57 — 1.54* 
IABP  f495 1995 
(—1 to 10) (8 to 12) 0.78— 2.107 0.76 — 2.04f 


* Control and sequenced counterpulsation. 

1 Control and intraaortic balloon pumping. 

IABP — intraaortic balloon pumping; SEC — sequenced ex- 
ternal counterpulsation. 


TABLE Il 


Cardiac Output (liters/min) After Coronary Embolization 
with Mercury in Five Dogs That Survived 150 
Minutes or Longer 


Control FELI 
30 minutes 1.9 0.4 
60 minutes 1.5+ 0.6 
90 minutes 1.6+ 0.5 
120 minutes 1.2+0.5 
150 minutes 1.0+0.4 


a series in which no assist device was used. We per- 
formed five experiments in which dogs subjected to 
coronary embolization with use of mercury injection 
survived for more than 150 minutes. In an additional 
seven studies the animal died in a shorter time mak- 
ing meaningful measurements of cardiac output im- 
possible. Table II shows the data for cardiac output 
in the five dogs that survived for more than 150 min- 
utes. The results indicate that the increase in cardi- 
ac output during the counterpulsation period can be 
attributed to the effects of counterpulsation in the 
natural course of shock with mercury embolization. 


Discussion 


The mortality associated with cardiogenic shock 
remains in excess of 80 percent in spite of advances 
in coronary care. Mechanical support of the failing 
circulation has been advocated as a possible means 
of treating patients in cardiogenic shock. 

In 1961, Clauss et al.? reported on a counterpulsa- 
tion device involving cannulation of the femoral ar- 
teries. By synchronization with the electrocardio- 
gram the pump aspirated blood from the femoral ar- 
teries during cardiac systole and returned blood to 
the central circulation during cardiac diastole. A 
variation upon the method of counterpulsation is 
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that produced by the use of an intraaortic balloon.®:7 
This technique involves inflating an intraaortic bal- 
loon at the onset of diastole and deflating it at the 
onset of systole. The advantages of this method are 
that it is totally intravascular and no blood is han- 
dled outside the body. Hemolysis of red blood cell 
elements is minimal although heparin must be used 
because of clotting of blood around the balloon. An- 
other potential hazard is damage to the intima of the 
aorta by an inadvertently overinflated balloon. Sur- 
gical isolation of the femoral artery is necessary to 
insert the aortic balloon. 

In our study the hemodynamic effects of se- 
quenced external counterpulsation were compared 
with the effects of intraaortic balloon pumping. Car- 
diac output increased more during sequenced pulsa- 
tion than during intraaortic balloon pumping. The 
increase in cardiac output with sequenced pulsation 
is probably attributable in part to an augmentation 
in venous return to the right heart chambers. Both 
methods of cardiac assistance were effective in pro- 
viding diastolic augmentation, but intraaortic bal- 
loon pumping produced a lesser increase in cardiac 
output. Current modes of intraaortic counterpulsa- 
tion affect only arterial pressure and flow, whereas 
external counterpulsation affects both the venous 
and arterial beds. In spite of equal or greater diastol- 
ic augmentation during intraaortic balloon pumping, 
cardiac output increased less than with sequenced 
external counterpulsation. Further studies are neces- 
sary to determine the effects of augmentation of 
right-sided venous return in patients who have sus- 
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tained a myocardial infarction. Although the in- 
crease in cardiac output may be of benefit, it could 
possibly cause an increase in left-sided diastolic 
pressures leading to pulmonary edema. 

The rationale of sequenced pulsation in contrast to 
nonsequenced external pulsation is based on theoret- 
ical considerations underlying the effect of externally 
applied pressure to limb vessels of various sizes. 
Large vessels with a low ratio of wall thickness to 
vessel diameter collapse more readily in response to 
exernally applied pressure than smaller vessels with 
a higher ratio. A uniformly applied external pressure 
to a limb during diastole would therefore be antici- 
pated to collapse the larger, proximal vessels first, 
thereby impeding return of blood to the central 
aorta. Sequenced pulsation has a milking effect upon 
the arterial and venous beds as pressure is applied 
sequentially from more distal to proximal sites. 

Although the sequenced pulsator has not yet been 
utilized in the therapy of patients with cardiogenic 
shock, preliminary laboratory results indicate that 
external sequenced pulsation compares favorably 
with intraaortic balloon pumping as a diastolic aug- 
mentation device. Since it can increase cardiac out- 
put and aortic diastolic pressure it may prove useful 
in the therapy of cardiogenic shock. 
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The influence of changes in myocardial contractility on the height 
and slope of the calibrated left apex cardiogram were studied with 
use of a calibrated force transducer that permits recording of the left 
apex cardiogram in millimeters of mercury. Simultaneous registra- 
tion of the calibrated left apex cardiogram and left ventricular pres- 
sure and their calibrated first derivatives was performed in 16 anes- 
thetized dogs before and after pharmacologic interventions. Under 
various hemodynamic conditions, a highly significant correlation was 
found between the maximal value of the first derivatives of left ven- 
tricular pressure and the calibrated left apex cardiogram (r = 0.88, 
P <0.001). Significant correlations were also found between the 
values calculated from the left ventricular pressure and from the cal- 
ibrated left apex cardiogram for peak velocity of contractile element 
shortening (r = 0.67, P <0.001), for velocity of contractile element 
shortening at a constant isometric pressure (r = 0.68, P <0.001), 
and for Vmax (r = 0.46, P <0.001). The correlation coefficient for 
Vmax had the lowest value, possibly owing to difficulties in extrapola- 
tion. It is concluded that, in the cog, the quantitative left apex cardio- 
gram and its first derivative correlate significantly with the contractile 
state of the heart. 


The apex cardiogram is now widely used for the recording of low-fre- 
quency vibrations over the left precordium, and its value in assessing 
the mechanical behavior of the heart has been repeatedly empha- 
sized.!-? A close correlation has been shown to exist between the left 
apex cardiogram and the hemodynamic events in the left ventri- 
cle.3.9.6 Further, a marked synchronism between the upstroke and 
protodiastolic nadir of the left apex cardiogram and of the left ventric- 
ular pressure curve has been demonstrated.*.7-9? The left apex cardio- 
gram has also been used to assess changes in left ventricular end-dia- 
stolic pressure.®-8.10-13 

Although the similarity in slope between the right apex cardio- 
gram and the right ventricular pressure during isometric contraction 
has been reported,!* few studies have analyzed the rate of ascent of 
the systolic phase of the apex cardiogram.19-2? In our study we inves- 
tigated, in the dog, the relation between the left apex cardiogram 
and its first derivative and the contractile state of the heart. 


Methods 
Experimental Techniques and Design 


Sixteen mongrel dogs, weighing 28.0 + 0.6 kg, were anesthetized by the 
subcutaneous administration of 0.4 ml/kg Hypnorm®* (Philips-Duphar), fol- 
lowed 30 minutes later by the intravenous injection of 10.4 + 0.4 mg/kg of 
sodium pentobarbital (Nembutal®, Abbott). Additional doses of 60 mg of 
sodium pentobarbital were given throughout the experiment whenever re- 
quired to maintain a satisfactory level of anesthesia. 


*Formula of Hypnorm: 10 mg Fluanison. (4'-fluoro-4-[4- (o-methoxyphenyl)-1- 
piperazinyl] butyrophenon.) - 0.315 mg Fentanyl. citras (1-phenetyl-4-N-propionyl- 
anilinopiperidin. dihydrogen. citras) aequiv. 0.2 mg Fentanyl. base - Acid. lactic. - 
Methylparaben. - Propylparaben. - Aqua Bidestill. q.s. ad 1 ml. 
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Artificial respiration with a mixture of 50 percent room 
air and 50 percent oxygen was instituted through a tra- 
cheal cannula by means of a Bird respirator. 

High-fidelity catheter-tip micromanometers. (Telco, 
Paris) were inserted through the carotid arteries into the 
left ventricle and the aortic root about 1 cm above the 
aortic valve. Since these micromanometers have no stable 
zero point, reference tracings were recorded through a side 
opening of the Telco catheter by means of an Elema EMT 
456 strain gauge. The zero reference was at the mid-tho- 
racic level with the dog in the left recumbent position. 

The quantitated left apex cardiogram was recorded by 
the method described previously.?! This recording system 
consists basically of a water-filled chamber that is cov- 
ered by an elastic membrane and connected by a noncom- 
pliant 30 cm long tube to an Elema EMT 490 A strain 
gauge, which is linear to 400 mm Hg. The chamber has a 
diameter of 8 mm. Methodologic studies have shown that 
the output of the system varies inversely with the diame- 
ter of the chamber and that high resonance peaks can 
occur with larger diameters. The diameter of 8 mm was 
chosen because with smaller diameters the output could 
no longer be recorded within the limits of linearity of the 
transducer used. It was shown that the transducer system 
behaves as a pressure transducer and this allows the cali- 
brated left apex cardiogram to be meaningfully expressed 
in millimeters of mercury. The resonance frequency of the 
system is 60 cycles/sec and its damping ratio is 0.07. The 
whole system is filled with saline solution, up to a filling 
pressure of 108.4 + 1.5 mm Hg. No significant difference 
was found between the mean values of the filling pressure 
obtained before and after each recording. 

The actual recording of the calibrated left apex cardio- 
gram was performed during expiratory apnea with the 
chamber held by hand at the point of maximal apical 
impulse, with the dog lying in the left recumbent position. 
Application of the saline-filled recording device to the 
chest wall increased the pressure in the system by 145.7 + 
3.6 mm Hg to a total pressure of 254.1 mm Hg. This in- 
crease in pressure, called application pressure, was mea- 
sured during diastole and results in the required coupling 
between the chest wall and the recording device. Since 
the recording system behaves as a pressure transducer, a 
high application pressure is essential to minimize dis- 
placement. The mean difference between the application 
pressure before and after each recording of the calibrated 
left apex cardiogram was 10.3 + 2.7 mm Hg. In four addi- 
tional experiments it was shown that variations of the ap- 
plication pressure in this range did not significantly influ- 
ence the time course and height of the calibrated left apex 
cardiogram. Zero suppression was used in order to record 
high-sensitivity tracings of the left apex cardiogram. 

The first derivative of the high-fidelity left ventricular 
pressure and the calibrated left apex cardiogram was ob- 
tained by means of an operational amplifier, which pro- 
vides a linear differentiation up to 45 Hz with a cut-off 
frequency of about 50 Hz, followed by an attenuation 
slope of 6 db/octave. In this frequency range no apprecia- 
ble phase lag exists. Calibration of the first derivative was 
performed using an electronic circuit controlled by the 
generation of voltage ramps with various slopes (Crohn- 
Hite, model 5400 A). 

Lead II of the electrocardiogram, the intracavitary pres- 
sures, the calibrated left apex cardiogram, the first deriv- 
ative of the left apex cardiogram and the left ventricular 
pressure, and the intracardiac phonocardiogram (Telco 
microcatheter) were recorded on an eight channel ink-jet 
direct-writing recorder (Elema 81) at paper speeds of 100, 
250 and 500 mm/sec. Before and after each experiment 


the simultaneity of the eight channels was controlled and, 
whenever necessary, eventual differences were taken into 
account during the analysis of the tracings. High gain re- 
cordings were made for the measurement of the left ven- 
tricular end-diastolic pressure and of the diastolic parts of 
the left apex cardiogram. Cardiac output was measured 
by dye-dilution technique. Cardiogreen was injected into 
the right atrium and blood was sampled from the femoral 
artery. 

All of these variables were recorded before and during a 
constant rate infusion through a femoral vein of isoproter- 
enol or angiotensin II and also 30 minutes after cessation 
of drug administration. Isoproterenol (Isuprel®, Winthrop) 
was infused at a rate of 0.0210 + 0.0018 and of 0.0510 + 
0.0032 g/kg per min and angiotensin II (Hypertensin®, 
Ciba) at a rate of 0.042 + 0.0054 ug/kg per min. The same 
measurements were also performed before and 30 minutes 
after the intravenous administration of propranolol (In- 
deral®, ICI) 0.66 + 0.041 mg/kg. The infusion of isoproter- 
enol usually preceded the administration of the two other 
drugs. Angiotensin II was infused either before or after 
propranolol was given. All values are given as means + 
standard error. 


Measurements and Calculations 


Heart rate was measured over 30 second periods on 
tracings recorded at 50 mm/sec. Left ventricular ejection 
time was measured at a paper speed of 250 mm/sec from 
pressure tracings recorded by means of a Telco microma- 
nometer positioned just above the aortic valve. The mean 
of five consecutive measurements was taken. Stroke vol- 
ume was obtained by dividing cardiac output (expressed 
in milliliters per minute) by heart rate. 

Left ventricular end-diastolic pressure was measured 
from high-gain tracings at the intersection of the A wave 
and the onset of the rapid rise in left ventricular systolic 
pressure. 

The total height of the calibrated left apex cardiogram 
was defined as the pressure difference in millimeters of 
mercury between the O point, the nadir of the tracing, 
and the systolic peak. The mean of five consecutive trac- 
ings was taken. 

The velocity of shortening of the contractile elements 
(VCE) was calculated from the first derivative of left ven- 
tricular pressure (dP/dt), recorded by Telco microma- 
nometers, by the formula VCE = dP/dt/(KP + C) where 
K = 32 and C = 2.26 VCE is expressed in muscle lengths 
per second (ML/sec). Measurement of left ventricular 
pressure and its first derivative were made at 2 msec in- 
tervals during isometric contraction on a representative 
beat from tracings recorded at a paper speed of 500 mm/ 
sec. The end of the isometric contraction was determined 
as the beginning of the upstroke of aortic systolic pressure 
recorded just above the aortic valve by a Telco microma- 
nometer. 

Velocity of shortening of the contractile elements was 
calculated by using for P either total left ventricular pres- 
sure, measured from the zero reference line, or developed 
pressure, which equals total minus end-diastolic left ven- 
tricular pressure. The value obtained was plotted against 
total and developed left ventricular pressure. Peak VCE 
was defined as the highest value of the VCE against total 
left ventricular pressure plot. From the descending part of 
the total left ventricular pressure-VCE plot, the linear 
correlation between total pressure and VCE was calculat- 
ed from at least five consecutive pairs of values at 2 msec 
intervals. The constant of the regression equation was 
used to obtain VCE at zero load (Vmax). 

With use of the identical approach, velocity of shorten- 
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FIGURE 2. Relation between the peak dP/dt of the A wave of 
the calibrated left apex cardiogram (“a” QLAC) and of left ven- 
tricular pressure (LVP) during the control state and after differ- 
ent pharmacologic interventions. Each point represents the 
mean value of five consecutive beats. Symbols as in Figure 1. 





FIGURE 1. Relation between peak dP/dt 
of the calibrated left apex cardiogram 
(QLAC) and peak dP/dt of left ventricular 
pressure (LVP) during the control state 
and after different pharmacologic inter- 
ventions. Data on the peak dP/dt of the A 
waves are also included. Each point rep- 
resents the mean value of five consecu- 


Y 21438 «074 X tive beats. Closed circles — control state; 


n = 128 open circles = isoproterenol (0.05 ug/kg 
r = 0.88 per min); triangles = isoproterenol (0.02 
P< 0.001 pg/kg per min); crosses = angiotensin 


ll; open squares = propranolol. The lin- 
ear regression equation and correlation 
coefficient (r) are indicated on the figure. 
n = number of observations. 


5000 6000 
LVP (mm Hg/sec) 


ing of the contractile elements was also calculated for the 
same beat on the simultaneously recorded left apex car- 
diogram and its first derivative. For the calculation of the 
values from the calibrated left apex cardiogram, both de- 
veloped and total pressure were used. The O point of the 
left apex cardiogram has been used as the reference pres- 
sure level for total pressure and the intersection of the A 
wave with the fast systolic rise of the left apex cardiogram 
has been taken as the zero level for developed pressure. 
Measurements were made at the same time intervals and 
the end of isometric contraction was defined in the same 
way as for left ventricular pressure. VCE-pressure curves, 
peak VCE and Vmax were obtained as for left ventricular 
pressure. Standard statistical methods were used. 

The zero level for developed pressure is identical for the 
left ventricular pressure and the calibrated left apex car- 
diogram. This is not the case for the zero level used for 
total pressure, since the O point of left ventricular pres- 
sure was not taken as the reference level but the mid-tho- 
racic level, as mentioned. It is of interest that the values 
ef the contractility indexes derived from developed pres- 
sure have been found to be the most independent of 
changes in preload.?7.28 

Table I summarizes the mean values of the hemody- 
namic data obtained before and after the different phar- 
macologic interventions in the total group of experiments. 


Results 


Relation between peak dP/dt of the calibrated 
left apex cardiogram and peak dP/dt of left ven- 
tricular pressure: Figure 1 shows a highly signifi- 
cant linear correlation between peak dP/dt of the 
calibrated left apex cardiogram and peak dP/dt of 
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TABLE | 


Summary of Hemodynamic Data Observed in the Total Group of 16 Experiments (means + standard error) 





Hemodynamic Data 








Peak 








co SV HR LVET mAP LVEDP LVSP dP/dt Vmax 
Control 1 2:255-59;170.— 141 1-.2 554-3 0.225+0.006 | 1002-5 8103-1. T2 7 127256 2455+ 110 2.08+0.10 
Isoproterenol 3.686 + 0.256 44+2 832-4 0.219+0.006 10847 10.942.0 146+ 9 3016+ 154 2.40+0.18 
(0.02 ug/kg 
per min) 
Isoproterenol 4.822+0.220 44-2 11045 0.197+ 0.003 85+ 3 64S Legs 182 4 3880+ 191 3.12+ 0.21 
(0.05 ug/kg 
per min) 
Control 2 2:3350: 126 362-2 67+4 0.23120.008 12928 14.3422.9 162+10  24242-141 1.76+0.14 
Angiotensin 2.009+ 0.155 22+2 93:-5-. 0:212:- 0.009 . 177-58 2408 3-256. 71973 11. - 21493-15514 0 
I 
Propranolol 1.834+ 0.109 27+2 712-5  0.2262-0.000 14148 18.942.9 16207 1853+ 86 1.42+ 0.11 





CO — cardiac output (liters/min); HR — heart rate (beats/min); LVEDP — left ventricular end-diastolic pressure (mm Hg); LVET — 
left ventricular ejection time (sec); LVSP — left ventricular systolic pressure (mm Hg); mAP — mean aortic pressure (mm Hg); peak dP/ 
dt — maximal value of the first derivative of left ventricular pressure (mm Hg/sec); SV — stroke volume (ml); Vmax — maximal velo- 
city of contractile element shortening in muscle lengths/sec (ML/sec), measured using total pressure. 


left ventricular pressure in the total group of all ex- 
perimental observations (r = 0.88, no. = 128, P 
«0.001). Data on the peak dP/dt of the A wave from 
those experiments in which it could be clearly identi- 
fied were also included in this correlation. The rela- 
tion between the peak dP/dt of the A wave of the 
calibrated left apex cardiogram and the left ventric- 
ular pressure is shown separately in Figure 2 (r = 
0.77; no. = 37, P <0.001). 

When control conditions and states after infusions 
of isoproterenol and angiotensin were considered sep- 
arately, a significant linear correlation was also 
found (Table II). However, this was not the case 
after administration of propranolol. In these correla- 
tions, the dP/dt of the A waves were not included. 

In six experiments the relation between peak 
dP/dt of the calibrated apex cardiogram and peak 
dP/dt of left ventricular pressure could be studied in 
various types of ventricular and supraventricular 
premature beats and in the postextrasystolic sinus 
beats. A highly significant correlation was found in 
each individual experiment (Fig. 3, Table III). 


TABLE Il 


Relation Between Peak dP/dt of the Calibrated Left Apex 
Cardiogram (Y) and Peak dP/dt of Left Ventricular Pressure 
(X) in Different Experimental Conditions 


Linear Regression 


State Equation no. r P 
Control Y = —850 + 1.12X 29 0.83 «0.001 
Isoproterenol Y= 802+ 0.56X 31 0.54 <0.01 
Angiotensin lI = —979 + 1.27X 12 0.76 «0.01 


Propranolol Y= 477+ 0.53X 13 0.36 NS 


no. = number of observations. 


Relation between peak VCE derived from the 
calibrated left apex cardiogram and peak VCE 
derived from left ventricular pressure: Figure 4 
shows an example of a plot of velocity of shortening 
of contractile elements against total pressure for the 
calibrated left apex cardiogram and the left ventric- 
ular pressure. The general course of the VCE curves 
derived from the left apex cardiogram and from the 
left ventricular pressure is similar before and after 
drug administration. Over a wide range of values, 
obtained under various conditions, a good correlation 
was found between peak VCE calculated from the 
calibrated left apex cardiogram and peak VCE de- 
rived from left ventricular pressure (Fig. 5) (r = 0.67, 
no. = 64, P <0.001). 

Relation between VCE calculated at a constant 
isometric pressure from the calibrated left apex 
cardiogram and left ventricular pressure: With 
use of developed pressure, the values for velocity of 
shortening of the contractile elements, calculated 
from the calibrated left apex cardiogram and from 
left ventricular pressure were compared at a constant 
isometric pressure of 50 mm Hg for left ventricular 
pressure and 25 mm Hg for the calibrated left apex 
cardiogram. The values of VCE at these pressures 
were obtained by interpolation. Over a wide range of 
values and under various conditions a significant lin- 
ear correlation was found (Fig. 6) (r = 0.68, no. = 
53, P <0.001). Changes in magnitude of VCE, de- 
rived from left ventricular pressure and from the cal- 
ibrated left apex cardiogram at these isovolumic 
pressures, always occurred in the same direction. 

Time-relation between VCE calculated from the 
calibrated left apex cardiogram and VCE calcu- 
lated from left ventricular pressure: The values for 
velocity of shortening of the contractile elements cal- 
culated from the calibrated left apex cardiogram and 
from left ventricular pressure, using developed pres- 
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FIGURE 3. Relation between peak dP/dt of the calibrated left 
apex cardiogram (QLAC) and peak dP/dt of left ventricular 
pressure (LVP) studied in one experiment during ventricular 
premature beats and postextrasystolic sinus beats. Each point 
represents a single beat. Symbols as in Figure 1. 


sure, were compared in eight experiments at 2 msec 
intervals after the onset of left ventricular systolic 
pressure rise until an average of approximately 40 
msec later. A highly significant linear correlation was 
found in the total group of observations and also in 
the different subgroups (Table IV). 

Relation between Vmax derived from the cali- 
brated left apex cardiogram and Vmax derived 
from left ventricular pressure: The extrapolated 
values of the straight part of the VCE total pressure 
plot (Vmax) derived from the calibrated left apex 
cardiogram were correlated with those derived from 
left ventricular pressure. The linear correlation was 
significant (r = 0.46, no. = 53, P <0.001). 


Discussion 


Although the exact genesis of the left apex cardio- 
gram is still not clearly understood, many observa- 
tions indicate that the configuration, the time 
course, the height and the slope of the left apex car- 
diogram are significantly correlated with the left 
ventricular pressure. 

Configuration and time course of the left apex 
cardiogram: It has been shown that in human 
subjects circulatory pressure waves can be transmit- 
ted without any important morphologic change 
through the skin?? and also, in certain cases, through 
the thoracic wall.14 This similarity in morphologic 
features between the left apex cardiogram and the 
left ventricular pressure is especially prominent dur- 
ing isometric beats, a situation in which ejection 
does not occur and during which, as a consequence, 
ballistic forces may be presumed to be negligible. 


TABLE Ill 


Relation Between Peak dP/dt of the Calibrated Left Apex 
Cardiogram (Y) and Peak dP/dt of Left Ventricular Pressure 
(X) Studied in Five Single Experiments During Ventricular 
Premature Beats and Postextrasystolic Sinus Beats 





Linear Regression 








Equation no. r P 
Y=  21.54-0.94X 24 0.97 <0.001 
Y= 62.5+0.74X 61 0.93 <0.001 
Y = —369.1 + 1.18X 34 0.94 <0.001 
Y= 378.7 + 0.50X 29 0.61 <0.001 
Y= —35.2 + 0.42X 10 0.98 <0.001 
TABLE IV 


Time Relation Between VCE Derived From the Calibrated Left 
Apex Cardiogram (Y) and VCE Derived From Left Ventricular 
Pressure (X) in a Group of Eight Experiments 


Linear Regression 


State — Equation no. r P 
Control Y = —1.064-1.78X 224 0.83 «0.001 
Isoproterenol Y = —1.07 + 1.82X 204 0.73 «0.001 
Angiotensin II Y = —0.65 + 1.44X 92 0.90 <0.001 
Propranolol Y = —0.21+ 1.20X 120 0.75 <0.001 

Tota! group Y = —0.96 + 1.70X 640 0.79 <0.001 


For explanation of calculations see text. 


Further, a close similarity between the time course of 
systolic and diastolic waves of both the left apex car- 
diogram and left ventricular pressure has repeatedly 
been demonstrated experimentally in dogs, as well as 
in human subjects.*:5.7.9 

Height of the left apex cardiogram: The height 
of the systolic deflection of the left apex cardiogram, 
calibrated in relative units, has been related to left 
ventricular function.23-25 The amplitude of the dia- 
stolic A wave of the left apex cardiogram, expressed 
as a percentage of the total deflection, has been used 
to assess changes in left ventricular diastolic pres- 
sure.9.10-13 By using the calibrated force transducer, 
described previously in a report from our laborato- 
ry,21 which permits the recording of the left apex 
cardiogram in millimeters of mercury, a significant 
correlation was found between the height of systolic 
and diastolic waves of the calibrated left apex car- 
diogram and the left ventricular pressure.9.8 

Slope of the apex cardiogram: A marked similar- 
ity has been reported!* in the slope of both the as- 
cending and descending limbs of the right apex car- 
diogram and the right ventricular pressure, when re- 
corded with the same amplification. Identical direc- 
tional changes of the first derivative of both left apex 
cardiogram and left ventricular pressure were also 
demonstrated!$ with use of apical displacement trac- 
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FIGURE 4. Example of a plot of VCE against 
total pressure for left ventricular pressure (A) 
and for the calibrated left apex cardiogram (B), 
derived from a representative beat during the 
control state and after different pharmacologic 0 
interventions. Symbols as in Figure 1. 
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FIGURE 5. Relation between peak VCE derived from the cali- 
brated left apex cardiogram (QLAC) using total pressure (peak 
VCEqrac, Tp) and peak VCE derived from left ventricular pres- 
sure using total pressure (peak VCErLvp), obtained during con- 
trol conditions and after different pharmacologic interventions. 
Symbols as in Figure 1. 
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FIGURE 6. Relation between VCE calculated at a constant pres- 
sure (25 mm Hg) from the calibrated left apex cardiogram 
(QLAC) using developed pressure (VCEgrac, pp) and VCE cal- 
culated at a constant isometric pressure (50 mm Hg) from left 
ventricular pressure with use of developed pressure (VCEpr vp). 
Symbols as in Figure 1. 
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ings calibrated in grams. Determining the interval 
between the onset of ventricular depolarization and 
the peak of the first derivative of the left apex car- 
diogram has been proposed as a noninvasive method 
for evaluating the contractile state of the left ventri- 
cle.19 Other investigators?° demonstrated a signifi- 
cant correlation between this interval and hemody- 
namic and angiographic indexes of left ventricular 
function, although apparently a certain degree of dif- 
ferentiation of the primary tracings was already 
present. 

Correlation between the first derivatives of the 
calibrated left apex cardiogram and the left ven- 
tricular pressure: The correlation between the 
height and time course of the left apex cardiogram 
and the left ventricular pressure and the similarity in 
their slopes, especially during the isometric phase of 
contraction, prompted us to study the quantitative 
relation between the maximal value of dP/dt, de- 
rived from left ventricular pressure, and the maximal 
value of the first derivative of the calibrated left 
apex cardiogram. Other indexes of contractility such 
as peak VCE, VCE at a constant load and Vmax, 
derived from left ventricular pressure and its first 
derivative during the isometric contraction pe- 
riod,29-28 were also calculated from the calibrated left 
apex cardiogram and its first derivative. 

A highly significant correlation was found between 
peak dP/dt of the calibrated left apex cardiogram 
and peak dP/dt of left ventricular pressure in differ- 
ent hemodynamic situations (Fig. 1). In six single 
experiments in which beat to beat variations of 
dP/dt could be studied during ventricular premature 
beats and postextrasystolic sinus beats, the correla- 
tion was also highly significant, although the rate of 
rise of ventricular pressure, due to asynchronous ac- 
tivation and different conditions of preload and aft- 
erload, varied within large limits (Fig. 3, Table III). 
One of the striking findings was that a good correla- 
tion also existed for the passively transmitted A 
waves (Fig. 2). The regression coefficient for the cor- 
relation between the dP/dt of the A waves is closer 
to unity than the same regression coefficient of left 
ventricular contraction. This observation conforms 
with the previous findings that pressure waves were 
also better reflected 4pn the left apex cardiographic 
tracing during diastole than during systole.9.8 

Another interesting finding was that a higher de- 
gree of correlation exists between peak dP/dt of the 
calibrated left apex cardiogram and peak dP/dt of 
left ventricular pressure than between the total 
height of the calibrated left apex cardiogram and the 
systolic left ventricular pressure. Since peak dP/dt of 
the calibrated left apex cardiogram nearly always oc- 
curred during or at the end of the isometric contrac- 
tion period, one must assume that changes of left 
ventricular pressure are better reflected in the left 
apex cardiogram during the isometric contraction 
period than after the opening of the aortic valves. 
During the ejection period, factors other than 
changes in left ventricular pressure may influence 


the genesis of the left apex cardiogram. During this 
period an antagonism indeed exists between the ris- 
ing pressure within the heart and its decreasing vol- 
ume. When the ejection rate is slow, as during low 
output states or increased aortic impedance, the 
height of the left apex cardiogram often increases 
during ejection. By contrast, the height diminishes 
rapidly during ejection in high output states, for ex- 
ample, during the infusion of isoproterenol. No ready 
explanation is available for the lack of correlation 
between peak dP/dt derived from left ventricular 
pressure and from the calibrated left apex cardio- 
gram after administration of propranolol. 

Indexes of contractility derived from the apex 
cardiogram: As a consequence of the significant cor- 
relation that exists between the height and slope of 
the calibrated left apex cardiogram and the left ven- 
tricular pressure it is understandable that peak VCE 
and VCE calculated at a constant isometric pressure 
from the left ventricular pressure and its first deriva- 
tive correlate significantly with the values obtained 
by similar calculations from the calibrated left apex 
cardiogram and its first derivative (Fig. 5 and 6). 
The correlation coefficient for Vmax had the lowest 
value, possibly owing to difficulties in extrapolation. 
Highly significant correlations were also found be- 
tween the values of VCE obtained from the calibrat- 
ed left apex cardiogram and the left ventricular pres- 
sure when measured at the same moment of the iso- 
metric contraction period at 2 msec intervals (Table 
IV). This observation indicates that the values of 
VCE calculated from the calibrated left apex cardio- 
gram are closely related in time to the values of VCE 
obtained from left ventricular pressure. 

Although the exact way in which left ventricular 
pressure is transmitted through the thoracic wall is 
insufficiently understood, changes in the geometry of 
the heart during the isovolumic contraction period 
and proportional to intraventricular pressure seem to 
offer the most logical explanation.29.30 

The similarity in units (millimeters of mercury 
and millimeters of mercury per second) used in the 
tracings of calibrated left apex cardiogram and left 
ventricular pressure does not indicate that intraven- 
tricular pressure and dP/dt can be measured indi- 
rectly. It merely demonstrates that a recording de- 
vice with the same physical characteristics is used in 
both methods and that, under the conditions of the 
experiment, significant and useful correlations exist 
between the values obtained. It must be realized 
that the absolute values of both the calibrated left 
apex cardiogram expressed in millimeters of mercury 
and its first derivative expressed in millimeters of 
mercury per second are valid only for the system 
used. 

The output of the recording system varies inverse- 
ly with the diameter of the water-filled chamber. A 
chamber with an internal diameter of 8 mm was cho- 
sen because with a smaller internal volume the out- 
put could no longer be recorded within the limits of 
linearity of the transducer used, whereas with a 
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greater internal volume resonance peaks can occur. 
The value of dP/dt per KP, however, is independent 
of calibration and has recently been used in this way 
by other workers.15.17.18 With these limitations in 
mind, we concluded that in the dog, at rest and dur- 
ing pharmacologic interventions, the quantitative 
left apex cardiogram and its first derivative are sig- 


13. 


14. 


15. 


16. 


nificantly correlated with the contractile state of the 
heart. 
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The effect of hemodilution on ischemic myocardium was studied in 
16 intact open chest & anesthetized dogs and 8 isolated dog hearts. 
The severity of myocardial ischemia during repeated, reversible oc- 
clusions of a coronary artery was estimated by summating S-T seg- 
ment elevations (2S-T) from epicardial electrocardiographic map- 
ping. Arterial oxygen content was decreased to the range of 5 vol- 
umes/100 ml by either profound hemodilution to a hematocrit of 6 X 
0.4 percent (standard error of the mean) or by a low inspired oxygen 
concentration at a normal hematocrit. In the 16 intact dogs, isch- 
emia did not increase during hemodilution (ZS-T before hemodilu- 
tion 35 + 6 mv; during hemodilution 32 + 7 mv), whereas the se- 
verity of ischemia was increased during hypoxia at a normal hema- 
tocrit (ZS-T before hypoxia 31 + 7 mv; during hypoxia 56 + 10 mv; 
P «0.01). Because systemic arterial pressure, which importantly in- 
fluences major determinants of the myocardia! oxygen requirement, 
decreased significantly during hemodilution, similar studies were 
performed in eight isolated, isovolumic hearts under controlled 
hemodynamic conditions. Hemodilution did not increase the severity 
of ischemia during occlusion, and ischemia was significantly less (P 
<0.05) during hemodilution than during hypoxia. Hearts subjected to 
hemodilution demonstrated a significant increase in coronary back- 
flow as an index of collateral coronary blood flow through the isch- 
emic area (+70 + 12 percent; P «0.01), whereas hypoxic hearts 
did not. Thus, profound anemia does not increase the severity of 
myocardial ischemia. The likely mechanism is increased collateral 
flow to ischemic myocardium secondary to decreased viscosity. 


Hemodilution is being used with increasing frequency in open heart 
surgery to conserve blood bank products and to decrease the inci- 
dence of hepatitis and other adverse reactions to homologous blood. 
The recent development and widespread application of surgical pro- 
cedures to revascularize the coronary arteries?-9 using extracorporeal 
bypass has raised the question whether hemodilution and the atten- 
dant anemia are hazardous to patients with severe coronary artery 
disease. 

Johnson et al.,$ pioneers in coronary arterial revascularization, 
have recommended that the hematocrit be maintained at 35 percent 
or higher. They contend that ‘“‘(intraoperative) cardiac arrest is most 
commonly associated after hematocrit falls below 32%” and that pa- 
tients with coronary artery disease “come off bypass poorly or not at 
all if the hematocrit is low."6 On the other hand, in our hospital he- 
modilution to hematocrit levels of 15 to 20 percent has been used 
successfully since early 1971 during more than 500 coronary revascu- 
larization procedures requiring cardiopulmonary bypass in patients 
with severe ischemic heart disease (80 percent New York Heart Asso- 
ciation classes III and IV). 
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FIGURE 1. Schematic diagram of 
the intact heart, with epicardial 
electrocardiograms from a normal 
area and an area supplied by the 
occluded branch of the left anterior 
descending coronary artery. Note 
that the epicardial electrocardio- 
gram is normal during all periods 
in the noninvolved area. In con- 
trast, S-T segment elevation is 
present during occlusion before 
and after both hemodilution and 
hypoxia in the involved area. The 
S-T segment elevation is unaffect- 
ed by hemodilution, whereas hyp- 
oxia produces further elevation. 
The electrical alternans in the 
electrocardiographic tracing ob- 
tained during hypoxia was the 
greatest seen in any of the experi- 
ments. See text for details. 








This study was designed to investigate the conse- 
quences of severe acute anemia (hemodilution) on a 
reproducible area of myocardial ischemia in the ex- 
perimental animal. Specifically, we present data on 
the myocardial effects of profound anemia in the in- 
tact animal and in the surgically isolated, adrenergi- 
cally blocked canine heart. The effects of hypoxemia 
at a normal level of hematocrit, resulting in values 
for arterial oxygen content similar to those in the ob- 
tained experiments with anemia are also presented 
and compared. These two methods of achieving low 
arterial oxygen content permit differentiation be- 
tween the sequellae of low arterial oxygen content 
per se and anemia. 


Methods 
Intact Dogs 


Sixteen dogs were anesthetized with intravenously ad- 
ministered chloralose (60 mg/kg) and urethane (600 mg/ 
kg), and ventilated with oxygen, using a Harvard animal 
respirator. A left thoracotomy was performed, and the 
heart was exposed and suspended in a pericardial cradle. 
A proximal segment of a branch of the left anterior de- 
scending coronary artery was isolated and a reversible 
tourniquet placed around it (Fig. 1). A diagram of the 
coronary arteries was drawn, and 16 sites were selected 
and numbered for epicardial electrocardiographic map- 
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ping. Sites selected for mapping included some within the 
area supplied by the coronary branch selected for occlu- 
sion, some in the immediately adjacent area and some in 
surrounding areas assumed to be unaffected by occlusion. 
The epicardial electrocardiogram was recorded twice in 
each location for the control reading, and the branch of 
the left anterior descending coronary artery was occluded 
by tightening the tourniquet. Repeat electrocardiograms 
were recorded at each site in sequence at 3, 6, 9 and 12 
minutes of ischemia. Figure 1 shows representative elec- 
trocardiograms obtained at each of two sites at one point 
in time after occlusion during either hemodilution or hy- 
poxia and during the pre- and post-control occlusions. Re- 
peat electrocardiograms were then recorded 3, 6, 9 and 12 
minutes after release of the tourniquet. Before each elec- 
trocardiographic recording, the standardization of the 
electrocardiogram (1 mv/1 mm paper) was checked and 
found to be constant. The sum of the S-T segment eleva- 
tions at each time interval was calculated in millivolts 
and recorded. By this technique, serial ischemic episodes 
were found to be associated with reproducible S-T seg- 
ment elevations at each time interval. 

Each animal underwent three occlusions and three sets 
of recordings obtained before, during and after hemodilu- 
tion or hypoxia. 

Anemia was produced by the method of Michalski et 
al.5 Briefly, this consisted of simultaneously bleeding the 
animal and infusing Ringer's lactate solution to maintain 
systemic blood pressure. Approximately 1 hour was re- 
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FIGURE 2. Schematic diagram of the isolated, blood-perfused 
heart used in our study. The blood was pumped from the sup- 
port dog to the constant (coronary) perfusion pressure column 
by a calibrated roller pump. In the experiments employing hy- 
poxia, an oxygenator with nitrogen flowing through it to deoxy- 
genate the blood was interposed between the support dog and 
the constant perfusion pressure column. Each dot represents 
one mapping site. See text for details. 


quired to reduce the hematocrit to between 5 and 10 per- 
cent. Bleeding was then stopped and the infusion of Ring- 
er’s lactate solution continued at a rate required to main- 
tain circulatory stability. Hematocrit did not change sig- 
nificantly during this period. The red blood cells that had 
been removed were separated from the plasma. After 
completion of the dilution measurements, these cells were 
reinfused to increase the hematocrit toward normal values 
for the post-dilution experiments. 

Hypoxia was produced by adding nitrogen to the oxygen 
mixture in quantity sufficient to decrease the fraction in- 
spired oxygen (F;O2) to 5 percent. This produced an arterial 
oxygen tension (P0O2) of 28.8 + 2.2 mm Hg. 


Isolated Hearts 


To examine the interaction of hemodilution and isch- 
emia in a preparation devoid of systemic hemodynamic, 
humoral and neurogenic influences, we used the isovolu- 
metric isolated heart preparation illustrated in Figure 2. 
For these experiments the heart was removed from each of 
eight donor animals, and retrograde perfusion of the aortic 
root from the femoral artery of a support dog was provid- 
ed. To maintain constant perfusion pressure of the coro- 
nary arteries, a Sarns roller pump (model 1800) was inter- 
posed in the coronary perfusion line to assure a constant 
rate of pumping from the support dog independent of sys- 
temic blood pressure. The roller pump was adjusted to 
maintain a continuous overflow of blood from the top of a 
vertical column of tubing. The height of this column de- 
termined coronary perfusion pressure, which was main- 
tained at 75 mm Hg. Subtracting the overflow from the 
amount of blood pumped allowed the determination of 
total coronary blood flow. 
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FIGURE 3. Summary of S-T segment elevation data in the intact anesthetized dog. The extent of ischemia is not affected by hemodilu- 
tion. However, ischemia is markedly increased by hypoxia. ¢ = mean + 1 standard error. 
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FIGURE 4. Summary of the hemodynamic data in the intact dogs with hypoxia. See text for details. 
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A thin-walled distensible balloon was attached to a but- 
ton on the end of a short, wide-bore cannula connected to 
a pressure transducer inserted into the left ventricle 
through the mitral annulus, and filled with saline solu- 
tion. A purse-string suture around the mitral annulus as- 
sured that the balloon remained within the left ventricu- 
lar cavity. À small sidearm of the button obviated hernia- 
tion into the left ventricular outflow tract. A drain was 
placed into the left ventricular apex to allow drainage of 
the small amount of thebesian coronary blood flow. Right 
ventricular and right atrial drainage, which represented 
an approximation of total coronary flow, were returned to 
the support dog, which was ventilated with 95 percent 
oxygen and 5 percent carbon dioxide by means of a Har- 
vard respirator. 

A polyethylene loop was inserted into the proximal por- 
tion of the left anterior descending coronary artery, usual- 
ly at a location just distal to the origin of the first major 
branch. Occlusion of this loop provided ischemia for that 
portion of the left ventricle supplied by the left anterior 
descending artery. Coronary backflow was measured di- 
rectly by timed, volumetric collections of the effluent 
from the stopcock when the proximal tubing was occlud- 
ed. 


Heart rate was kept constant by atrial pacing. Alpha 
adrenergic receptors of the isolated heart were blocked by 
injection of 12.5 mg of phenoxybenzamine into the coro- 
nary perfusion tubing. Propranolol, 3 mg, was adminis- 
tered into the coronary circulation before each study to 
provide beta adrenergic blockade. Blockade was consid- 
ered effective if there was no inotropic response to the in- 
traarterial injection of 0.4 Y of norepinephrine performed 
after each study. 

S-T segment mapping was accomplished as in the in- 
tact hearts. Hemodilution was obtained by simultaneously 
bleeding and infusing Ringer's lactate solution into the 
support dog, as described. Hypoxia was produced by in- 
terposing an oxygenator between the support dog and the 
isolated heart, and deoxygenating the blood with nitrogen. 

Five hearts were studied under conditions of both dilu- 
tion and hypoxia for a total of five experiments per heart 
(predilution, dilution, postdilution, hypoxia, and posthy- 
poxia). The order of the dilution and hypoxic experiments 
was randomized. An additional three hearts were studied 
during dilution only (predilution, dilution and postdilu- 
tion). 

Pressures were measured by Sanborn 267 BC transduc- 
ers calibrated by mercury manometer. All recordings were 
made with use of a Sanborn model 350 recorder. Signifi- 
cance was determined by Student's t test. 


Results 
Intact Dogs 


Figure 3 represents the effect of hemodilution and 
hypoxia on the severity of myocardial ischemia, ex- 
pressed as the sum of the S-T segment elevations. 
The data are compared with pre- and post-control 
experiments. In the hemodilution experiments, there 
was no significant difference in the severity of isch- 
emia during the three study periods—predilution, 
hemodilution and postdilution. However, during 
hypoxia the severity of ischemia produced by coro- 
nary arterial occlusion was significantly greater (P 
<0.01) than during either the prehypoxic or posthy- 
poxic periods. 

Figures 4 and 5 show the associated hemodynamic 
variables that may influence myocardial ischemia 
during hypoxia and hemodilution, respectively. 
These variables were constant throughout the three 
study periods in those animals made hypoxic; how- 
ever, systemic arterial pressure decreased and the 
left atrial pressure increased during the dilution pe- 
riod (Tables I and II). Since these changes may in- 
fluence cardiac oxygen supply and demands, they 
may have masked a potential change in the magni- 
tude of ischemia.? We therefore performed similar 
experiments in an isolated heart preparation in 
which these hemodynamic variables could be main- 
tained constant. 


Isolated Hearts 


Figure 6 presents the data from studies performed 
in one isolated heart. As is evident, the smallest 
amount of ischemia during occlusion is present when 
the perfusate is anemic. In contrast, the greatest se- 
verity of ischemia is present during occlusion under 
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TABLE lll 


Percent Change from Control Occlusion in Isolated Dog Hearts (means + standard error) 


a a —M——————— 


Minutes of Occlusion 




















3 9 12 
cq ll e Se UEM NM TERES SL LEM ee rl 
A. Hemodilution (8 hearts) 
ZS-T segments +1.0+ 16.7 —3.2+ 12.5 —12.0+ 9.0 —15.2+ 10.5 
Total coronary flow* +179.3+ 50.3 +149.1+ 58.1 +161.9=+ 46.0 +115.9+ 30.8 
Coronary backflow+ +76.5+ 6.7 +72.9+ 6.4 +75.5+ 9.9 +69.7+ 12.4 
B. Hypoxia (5 hearts) 
ZS-T segments +61.4+ 37.0 +39.6+ 19.3 +33.3 + 12.4 +20.2+ 12.7 
Total coronary flow} +176.4=+ 77.6 +159.9-+ 66.4 +247.0+ 90.8 +344.8+ 171.9 
Coronary backflow +9.0+ 14.3 +2.8+ 12.9 —4.7+11.4 —6.2+ 14.6 





C. Comparison of Changes During Coronary Arterial Occlusion: 
Hemodilution vs Hypoxia (5 hearts) 














Minutes ZS-T Segment Total Coronary Coronary Back- 
Occlusion (mV)$ Flow (ml/min) flow (ml/min)!! 
3 P «0.1 Not significant P «0.01 
6 P «0.05 Not significant P «0.02 
9 P «0.1 Not significant P «0.01 
12 P «0.05 Not significant P «0.05 


Se MR E EMO CT ES CODE l LL IER ICON CIO EEEENE MEME MEUS EET TEIG 


* Significantly increased over control ([pre-dilution + post-dilution]/2) (P «0.05). 


t Significantly increased over control (P <0.01). 


1 Significantly increased over control ([pre-hypoxia + post-hypoxia]/2)(P <0.05) 


§ Hypoxia greater than hemodilution. 
|| Hemodilution greater than hypoxia. 


conditions of hypoxia. Directly measured total coro- 
nary flow and coronary backflow, an index of collat- 
eral blood flow to the area supplied by the occluded 
coronary artery, are substantially increased during 
dilution. Left ventricular pressures generated during 
the experiment are comparable at all periods. 

Tables IIIA and IIIB present a summary of the 
changes from control in the experiments on the iso- 
lated hearts. The statistical analysis of the data from 
the five isolated hearts subjected to both dilution 
and hypoxia (Table IIIC) shows that under these rig- 
idly controlled conditions the magnitude of ischemia 
was significantly smaller during dilution than during 
hypoxia. There was also a significant increase in cor- 
onary backflow (collateral flow), although values for 
total coronary blood flow were similar to those ob- 
tained during hypoxia. 


Discussion 


Our study provides evidence that the severity of 
myocardial ischemia associated with coronary arteri- 
al occlusion is not increased by profound anemia. 
Since this finding was present in both the intact 
anesthetized animal and the isolated heart, the ef- 
fect is not dependent upon systemic hemodynamic 
changes associated with anemia. Furthermore, coro- 
nary backflow from the area of ischemia was noted 


to increase during anemia but not under conditions 
of a normal hematocrit and a comparably low arteri- 
al oxygen content. The latter situation was accom- 
panied by an increase in the severity of myocardial 
ischemia. : 

Thus, it appears likely that this decrease in severi- 
ty of ischemia is due to increased collateral flow and 
a greater oxygen delivery to the area normally sup- 
plied by the occluded coronary artery in those ani- 
mals made anemic. Recent studies in our laboratory 
have demonstrated a direct correlation between cor- 
onary backflow measured directly and coronary col- 
lateral circulation as measured by clearance of ra- 
dioactive krypton from ischemic myocardium.!? A 
probable mechanism for this increase in collateral 
blood flow during hemodilution in our experiments is 
a reduction in viscosity. The levels of dilution 
achieved in our study are sufficient to decrease vis- 
cosity and improve flow characteristics in small ves- 
sels. 

Recent work by Maroko et al.!? demonstrates a 
close correlation between the magnitude of early S-T 
segment elevation in epicardial recordings after 
acute coronary arterial occlusion and the later devel- 
opment of cellular damage as evidenced by depres- 
sion of myocardial creatine phosphokinase activity. 
This inverse relation between S-T segment elevation 
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and myocardial creatine phosphokinase depression 
has also been demonstrated during pharmacologic 
interventions (administration of isoproterenol and 
propranolol) that alter the ischemic S-T segment el- 
evation. Other investigators have also emphasized 
the correlation between S-T segment elevation and 
myocardial cellular injury.13 

Clinical implications: Our data may explain the 
clinical success achieved with use of hemodilution in 
patients with severe coronary artery disease. During 
the past 18 months, virtually all adult patients in 
our institution requiring cardiac surgery with cardio- 
pulmonary bypass have undergone hemodilution re- 
sulting in an average hematocrit of 18 + 0.8 percent 


(standard error of the mean). More than 500 of 
these patients have had coronary arterial reconstruc- 
tive surgery for severe coronary artery disease. 

Our study thus gives strong support to the clinical 
practice of using intraoperative hemodilution in pa- 
tients with coronary artery disease. Since our experi- 
ments were performed in dogs with presumably nor- 
mal coronary vessels, it is possible and even likely 
that the contrast between blood flow to ischemic 
areas of the heart with normal hematocrit levels and 
those with anemia would be more striking in the 
presence of coronary atherosclerosis. Clinical confir- 
mation of this hypothesis remains to be estab- 
lished. 
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This study was designed to determine if any correlation exists be- 
tween the degree of narrowing of the left anterior descending coro- 
nary artery and blood flow in this vessel as estimated by the 
133yenon bolus technique. Thirty-four patients were studied at rest; 
15 had a normal left anterior descending coronary artery angio- 
graphically and the remaining 19 had 50 to 90 percent stenosis of 
this vessel. After a bolus infusion of !3?xenon into the left coronary 
artery, blood was withdrawn continuously from the great cardiac vein 
with counts accumulated over 0.5 to 1 second. The washout curves 
were analyzed and blood flow of the left anterior descending coro- 
nary artery per unit volume was determined by the exponential, 
cubic polynomial and height/area methods. There was no correlation 
between the degree of narrowing on angiograms and the flow values 
determined by any of the methods of analysis. Two alternative expla- 
nations are discussed: Either flow is maintained in a severely ste- 
nosed vascular tree or the methods of measuring flow and estimating 
arterial narrowing are inaccurate. 


In the last decade several studies using the nitrous oxide saturation 
method,! the isotope desaturation method?:? and the thermodilution 
method* have yielded values of myocardial blood flow per unit vol- 
ume in patients with angiographically proved coronary artery disease 
that are similar to values obtained in normal subjects. These studies 
made no effort to isolate a segment of the myocardium for study but 
measured total coronary blood flow or total left coronary arterial 
flow. This study reports on the flow measurements of a single vessel, 
the left anterior descending coronary artery, and attempts to deter- 
mine if a correlation exists between these measurements and the an- 
giographically determined severity of stenosis of this vessel. Isolation 
of the left anterior descending coronary artery for flow studies is pos- 
sible because the myocardium supplied by this artery drains only 
into the great cardiac vein. 


Theoretical Considerations 
Exponential Analysis 


When a bolus of a diffusible, nonrecirculating indicator such as radioac- 
tive xenon is infused intraarterially and concentration of the indicator is 
measured in the venous effluent, it is possible to derive the following for- 
mula on the basis of characteristics of the descending limb of the disap- 
pearance curve of the indicator: 


Flow (ml/100 g per min) = —(K)-A-100 (Kety equation) 


where K is the slope of the straight line fitted to the semilogarithmic replot 
of the descending limb of the curve and A is the distribution coefficient of 
the indicator used, expressed in milliliters of blood per gram of tissue. The 
units of flow are, therefore, milliliters of blood per minute per 100 grams of 
tissue. 
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TABLE | 


Flow Values in Subjects with a Normal Left Anterior Descending Coronary Artery (LAD) 








LAD Blood Flow (ml/100 g per min) 











Height/Area Analysis 
Exponential Analysis Without With* 
Case Age (yr) Post-Catheterization 1 Polynomial Height Height 
no. & Sex Diagnosis 0.7 Cp 0.3 Cp 0.1 Cp 0.05 Cp Analysis Correction Correction 
1 31F Normal heart 52.3 59.8 53.2 55.7 61.1 42.7 128.1 
2 45F Normal heart 89.7 83.2 54.7 78.1 87.3 60.1 180.3 
3 40F Normal heart 66.0 76.2 60.0 68.9 77.1 56.7 170.1 
4 18F Trivial pulmonic stenosis 7 105.0 85.8 88.3 101.0 §9.3 177.8 
5 21F Atrial septal defect 65.8 108.2 89.6 97.4 101.0 86.3 259.0 
secundum 
6 42F Atrial septal defect 57.8 56.6 69.6 65.7 70.1 43.8 131.6 
secundum 
7 46M Left bundle branch block 79.8 90.3 71.5 80.9 83.7 74.3 222.9 
8 42F Mild mitral stenosis 76.2 85.1 80.6 82.5 89.9 66.6 199.9 
9 24M Q waves, leads Il, IIl, aVF 62.6 77.9 62.4 70.7 81.1 40.4 121.2 
10 41F Nonspecific diffuse ST-T 40.6 49.5 49.3 45.3 49.2 37.9 110.7 
wave changes 
11 48F Nonspecific T wave 65.6 79.1 66.5 69.3 77.5 51.4 154.1 
inversions 
12 34F Apical akinesis 68.3 105.8 118.9 93.9 103.0 70.1 210.4 
13 53F Biopsy diagnosis of myo- 84.4 66.0 57.7 73.6 81.1 58.5 175.5 
carditis 
14 44M Nonspecific T wave 01.2 64.5 42.9 56.8 63.1 51.4 154.2 
inversions 
15 45M Coronary artery disease 51.6 65.4 49.4 SaL 63.8 44.0 132.1 
Range 40.6-89.7 49.5-108.2 53.2-118.9 45.3-97.4 49.2-103.0 37.9-86.3 110.7-259.0 





* Height correction calculated according to Milnor's formula (see text). 
0.7 Cp, 0.3 Cp, 0.1 Cp — flow values obtained by analysis of 40-second segments centered at 70, 30, and 10 percent of peak counting 
rate, respectively. 1 — 0.05 Cp — flow value obtained by analysis of the semilogarithmic replot curve from peak to 5 percent peak 


counting rate. 


Using this formula one generally assumes constant flow, 
instantaneous blood tissue equilibrium with respect to the 
indicator used and uniformity of the distribution coeffi- 
cient throughout the volume of tissue under study. If 
these assumptions hold true then the semilogarithmic re- 
plot of the data from peak concentration will yield a 
straight line. In fact, however, the curves are rarely found 
to be monoexponential throughout their course,? thereby 
suggesting the existence of either inhomogeneity of flow or 
nonuniformity of diffusion coefficient, or both. Measure- 
ment of flow as a function of the straight line fitted to the 
points of such curves by the least squares method would 
yield an average of multiple exponentials each repre- 
senting the washout of indicator from a compartment with 
a distinct distribution coefficient or flow per unit volume 
ratio, or both. In an effort to separate these compartments 
Bassingthwaighte et al.9 arbitrarily divided the semiloga- 
rithmic replot of the descending limb of the washout curve 
into segments and then fitted exponentials to each seg- 
ment thereby determining several flow values for each 
curve. As will be outlined later, we applied this approach 
to our washout curves analyzing segments that were simi- 
lar but not identical to those chosen by Bassingthwaighte 
et al. It is interesting that these investigators found that 
flow values were significantly different for various seg- 
ments of the curve even in the heart of a dog with pre- 
sumably normal coronary arteries. This is clear proof 
against the monoexponential theory. 


Polynomial Analysis 


The exponential approach described involves the 
application of a monoexponential to nonlinear data. How- 
ever, if the semilogarithmic data, although not linear, re- 
sembled a curve described by a higher polynomial equa- 
tion it would then be possible to analyze the washout data 
further by mathematically fitting such a curve to the 
data. Each curve could be characterized by determining 
the slope at regular intervals along it. It is possible for two 
sets of nonlinear data to yield similar slope and flow 
values when subjected to monoexponential analysis but 
different curves when analyzed by higher polynomial 
equations that more closely fit the data. This approach, 
therefore, seemed to offer discriminatory potentials not 
inherent to the exponential method. In addition, segments 
of the semilogarithmic replot curves with a minimal 
change in slope could be identified and delineated as rep- 
resenting true linear segments to which the Kety equation 
could be validly applied to measvre flow. 


Height-Area Analysis (Residue Function) 


Zierler? has suggested analyzing the washout curves as 
a frequency function of transit times. The vertical axis of 
the washout curve can be considered in terms of the frac- 
tion of the total number of indicator particles injected 
having a particular transit time. The peak of the curve is 
then that transit time possessed by more particles than 
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any other transit time. Using this approach it is possible 
to derive the following formula for organ flow: 


Flow (m1/100 g per min) = 
peak of washout curve/area under curve-\ 


where A is the distribution coefficient and is equal to q/ 
Vi/q/V; q is the amount of tracer introduced, V is the 
volume in which the tracer is distributed (for example, 
plasma or extracellular water) and Vj is the total tissue 
volume. The distribution coefficient is then equal to the 
ratio of concentration of indicator in the total tissue vol- 
ume to its concentration in its volume of distribution. For 
xenon, it is equal to 0.72 and therefore implies that xenon 
is not reaching unity concentration throughout all of the 
compartments of the tissue studied. 

This section has outlined various methods of analyzing 
indicator washout curves. Each has its proponent, and the 
exponential?-6-7 and peak height/area$.* methods are sup- 
ported by experimental evidence of their validity in nor- 
mal animal preparations. The purpose of this study was 
not to choose one method of analysis over another but in- 
stead to use all methods that appeared feasible to discover 
if any would permit detection of reduced flow across a 
narrowed vessel. 


Methods 


Thirty-four patients were studied at rest in the postab- 
sorptive state 1 hour after premedication with 10 to 15 mg 
of orally administered diazepam. Blood flow was mea- 
sured after routine pressure recordings and determination 
of cardiac output by the Fick principle. A No. 7 National 
Institutes of Health catheter was inserted by cutdown 
procedure into the left antecubital vein and advanced to 
the right atrium. The catheter was manipulated into the 
coronary sinus and advanced beyond the oblique vein into 
the great cardiac vein. A left Judkins catheter was insert- 
ed percutaneously into the femoral artery and advanced 
into the left coronary ostium. The position of both cathe- 
ters was confirmed with use of 1 to 2 ml of Renografin®. 
The Judkins catheter was left in this position providing 
pressures obtained through it were adequate; if placement 
of the catheter in the coronary ostium resulted in a signif- 
icant fall in blood pressure or the pressure wave form 
changed to the characteristic wedge pattern, the catheter 
was removed from the coronary ostium and was advanced 
into it only for the 3 to 5 seconds required for xenon injec- 
tion. Approximately 250 ucc of 13?xenon dissolved in 2 ml 
of sterile saline solution was injected rapidly into the left 
coronary ostium. Xenon in the catheter was washed 
through using 3 ml of isotonic saline solution. The Jud- 
kins catheter was removed from the ostium immediately 
after each injection of xenon. Continuous withdrawal of 
blood from the great cardiac vein at a rate of 7.64 ml/min 
was begun 30 seconds before the injection of xenon. The 
blood was withdrawn through a spiral glass cuvette in 
close apposition to a sodium iodine crystal coupled to a 
photomultiplier. The pulses from the latter were trans- 
mitted to a pulse-height analyzer with its window adjust- 
ed to detect only the gamma radiation of xenon. Counts 
accumulated over 0.5 or 1 second periods were recorded 
digitally. These count rates plotted against time were 
used to derive washout curves. The withdrawal of coro- 
nary sinus blood was continued until the level of radioac- 
tivity decreased to 5 percent of peak activity. 

Left ventriculograms and selective coronary arterio- 
grams were obtained in 31 patients. Three young women 
(Table I, Cases 1, 4 and 5) who were assumed to have nor- 
mal coronary arteries and left ventricular function did not 


POLYNOMIAL CURVES 






s Ist POWER y= a,xta, 
ees 2nd POWER y=a2x2t+a,xta5 


= 3rd POWER y=a3x3+a5x2t+a)x+a9 


FIGURE 1. Curves described by polynomial equations from the 
first to the third power. 


undergo angiography. The coronary arteriograms were ob- 
tained using the Judkins technique. The luminal cross- 
sectional area of the vessel at the point of stenosis was es- 
timated angiographically in two planes using as the refer- 
ence the diameter of the normal prestenotic portion of the 
artery. The angiograms were reviewed independently by 
two experienced observers. 

With the aid of a P.D.P.-8/I computer, the washout 
curves were analyzed as follows: 

(1) A semilogarithmic replot of the data was obtained. 
The logarithmic values were averaged and exponentials 
were fitted by the least squares methods to three 40 sec- 
ond segments of the descending limb of the washout 
curve. These segments were centered at the time when 
count rates were 70, 30 and 10 percent of peak counting 
rate (Cp). Also, a straight line fit was made to the en- 
tire descending limb of the curve. The values of the slopes 
were substituted into the Kety equation (refer to Theoret- 
ical Considerations) to obtain flow in ml/100 g per min. 
Flow values obtained by this method are referred to as 
"flows by exponential analysis at 0.7Cp, 0.3Cp, 0.1Cp and 
1— 0.05Cp,” respectively. 

(2) Inspection of the initial series of curves revealed 
that they were not monoexponential but were all similar 
in their shape, sloping gradually initially, more acutely in 
their mid-portion and then tailing off. Such a curve can 
be described by a third order polynomial equation (Fig. 
1). Using the least squares method, a third order polyno- 
mial equation was fitted to the semilogarithmic replot 
washout data of each patient. The resultant curves were 
characterized in each case by measuring the slope at 26 
equidistant points. These slopes at corresponding points 
were compared from one patient to another. In every pa- 
tient a segment of the curve, invariably in the mid por- 
tion, could be identified where the change in the slope 
was negligible. The value of the slope of this segment was 
substituted into the Kety equation to obtain “flow by 
polynomial analysis" as referred to under Results. 

(3) Flow was determined in each patient using the peak 
height per unit area formula (refer to Theoretical Consid- 
erations). Area was calculated by integration of counts 
from peak to 5 percent peak. Difficulty was encountered 
in determining the undistorted height of the curve. Con- 
siderable underestimation of the height was likely because 
of a combination of factors—accumulation of radioactivity 
over a period of 0.5 to 1 second, a relatively large with- 
drawal volume and a relatively slow withdrawal speed. 
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Milnor and Jose®, using a model, were able to compare dye- 
dilution curves obtained directly from the model with 
those obtained under various sampling conditions and so 
developed formulas, expressed as a function of the ratio of 
volume to flow of the sampling system, for determining 
the undistorted peak concentration. Flow using the peak 
height/area approach was determined in 2 ways: (1) using 
the actual height of the washout curve, and (2) using the 
height obtained by Milnor’s equation®: 


PCs/PCx = 1.066 + 0.020207 V/F — 0.2462 V/F 


where PCs = peak concentration after passage through 

the sampling system, PCx = undistorted peak concentra- 

tion, V = volume of withdrawal system in milliliters, and 

F = speed of withdrawal system in milliliters per second. 
Results 


Of 34 patients, 11 had normal selective coronary 
arteriograms (Table I). A 12th patient (Case 15) had 
a normal left anterior descending coronary artery but 
a 75 percent block of the circumflex artery beyond 
the obtuse marginal branch was present; there was 
no evidence of collateralization. This patient as well 
as the three subjects who did not have arteriograms 
(Cases 1, 4 and 5) are included in the group “normal 
left anterior descending coronary artery," thus bring- 
ing the total to 15. The age, sex, post-catheterization 
diagnosis and flow measurements of the left anterior 
descending coronary artery for this group of patients 
are shown in Table I. 

Of the remaining 19 patients, 8 had 50 percent 
block of the left anterior descending artery, 3 had 75 
percent stenosis, and 8 had 90 percent stenosis. The 
relevant data on these patients are shown in Table II. 

Duplicate flow measurements were obtained in 
eight patients and are shown in Figure 2 using the 1 
— 0.05Cp exponential analysis. The standard devia- 
tion was 5.2 m1/100 g per min. 

Flow values of the left anterior descending coro- 
nary artery are plotted against the findings on coro- 
nary arteriography in Figures 3 to 5. Three of the 
seven methods of analysis have been selected in 
these figures but the remaining four approaches 
yielded the same information. Regardless of the 
method of analysis chosen there was no correlation 
between the values for flow per unit volume and the 
degree of narrowing of the vessel on arteriography (P 
values for all methods 20.05). Comparison of the 
third order polynomial curves of patients with a nor- 
mal left anterior descending coronary artery and 
those with significant stenosis of this vessel did not 
yield discriminatory characteristics. 


Discussion 

Before attempting to interpret the results of this 
study it is necessary to consider the assumption 
upon which isolation of the left anterior descending 
coronary artery for flow studies depends. Ideal isola- 
tion of a vascular bed involves effective cannulation 
of the total input and output of that bed, but in this 
study the input was not isolated since cannulation of 
the left anterior descending coronary artery is not 
feasible; however, delivery of indicator into the cir- 
cumflex artery is of no consequence provided there is 
no circumflex drainage into the left anterior de- 


MBF, 
(ml/100g per min) 


MBF, 
(ml/100g per min) 





40 50 60 70 80 90 100 
FIGURE 2. Duplicate determination of myocardial blood flow 
(MBF) using the 1 — 0.05 Cp exponential method. First (MBF 1) 
and second (MBF2) values are plotted against each other. The 
solid line represents the line of identity. 


scending coronary artery effluent by way of the great 
cardiac vein. Dye-dilution studies have shown that 
this is the case in dogs with normal coronary arte- 
ries?:? although such studies are not available in 
man. 

With the technique and methods of analysis of 
blood flow used and the angiographic techniques re- 
ferred to, the evidence in this study indicates that 
flow per unit volume of the left anterior descending 
artery is maintained in the presence of various de- 
grees of arterial narrowing. There are two possible 
explanations; either the techniques of measuring 
blood flow and estimating degree of arterial stenosis 
are inaccurate or flow is maintained across a signifi- 
cant arterial narrowing. 

Validity of method used to measure coronary 
blood flow: Although good correlations have been 
observed between directly measured flow and wash- 
out analysis in dogs,?.9 the validity of the washout 
method of measuring blood flow in patients with sig- 
nificant coronary artery disease has been questioned 
by several investigators.19-12 One criticism frequent- 
ly directed against the bolus infusion technique is 
that this technique provides inadequate duration of 
indicator-tissue exposure to achieve equilibrium. 
Using dissolved hydrogen and dogs with acute coro- 
nary occlusions, Klocke and Wittenberg! have 
shown that by increasing the infusion time from 30 
seconds to 7 minutes one obtains semilogarithmic re- 
plot curves that deviate increasingly from a mono- 
exponential. We have compared flow measure- 
ments using the bolus technique with measurements 
in the same person using infusions of sufficient dura- 
tion (2 1/2 to 6 minutes) to obtain plateau concen- 
tration in the venous effluent. In seven of eight 
subjects with normal coronary arteries angiographi- 
cally, flow values were from 10 to 50 percent lower 
after prolonged infusion. This suggests that with 
longer tissue-indicator exposure equilibration ac- 
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L.A.D. Flow (mI/100 gm/min) att>.05Cp (Exponential analysis) 


% STENOSIS OF L.A.D. 
FIGURE 3. Left anterior descending coronary artery (L.A.D.) 
flow values obtained by the 1 — 0.05 Cp exponential method of 
analysis are plotted in relation to findings on coronary arteriog- 
raphy. 


cording to the A value is being approached. Since the 
value obtained for flow can be altered by a factor as 
fundamental as the duration of indicator infusion, 
use of the bolus technique in giving meaningful mea- 
surements of absolute flow is suspect. A second criti- 
cism of the method used to measure blood flow in 
this study is the insensitivity of the counting tech- 
nique at low count rates. The indicator concentra- 
tion from areas of low flow values is probably repre- 
sented in the tail of the washout curve, from 5 per- 
cent of peak activity to zero activity. With our tech- 
nique significant activity in this range is difficult to 
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FIGURE 4. Left anterior descending coronary artery (L.A.D.) 
flow values obtained by the 0.3 Cp exponential method of analy- 


sis are plotted in relation to findings on coronary arteriography. 


distinguish from randomness of isotope decay, recir- 
culation and background activity; therefore analysis 
of this segment of the curve, which might permit 
identification of patients with regional impairment 
of flow, was not possible. 

Validity of method of determining arterial nar- 
rowing: The accuracy of the angiographic assess- 
ment of arterial narrowing could also be questioned. 
A revealing study!? in animals dealt with the hemo- 
dynamic significance of various degrees of coronary 
arterial stenosis estimated angiographically. The ste- 
nosis was produced by placing a ligature around the 
circumflex artery and by adjusting its tension a 
stenosis of any desired degree could be created. The 
hemodynamic significance of the stenosis was graded 
according to the ratio of mean pressure in a small 
branch distal to the circumflex stenosis to aortic pres- 
sure. Total occlusions were obvious and always 
hemodynamically significant but otherwise it was 
often impossible to distinguish angiographically be- 
tween a stenosis that was hemodynamically insignifi- 
cant and one that resulted in a severe drop in pres- 
sure distally. In all cases of the latter group the ste- 
nosis appeared severe angiographically but in many 
of the former it appeared equally severe. The authors 
concluded that “it is characteristic of arterial steno- 
sis, for the stenosis to be of no hemodynamic signifi- 
cance until of rather marked anatomic narrowing. 
Subsequent minimal further increases in severity 
produce disproportionately great hemodynamic ef- 
fects.” Because of the limitations of arteriography in 
demonstrating small differences in narrowing, our 
classification of patients by degree of arterial nar- 
rowing may not relate accurately to hemodynamical- 
ly different groups. This consideration might explain 
why 50 percent of our patients with apparent 90 per- 
cent stenosis had low flow values and 50 percent had 
normal values. 





L.A.D. Flow(ml/100 gm /min) by Polynomial analysis 
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% STENOSIS OF L.A.D. 
FIGURE 5. Left anterior descending coronary artery (L.A.D.) 
flow values obtained by polynomial analysis are plotted in rela- 
tion to findings on coronary arteriography. 
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On the other hand, if one assumes that the tech- 
niques used are accurate, then one is led to the con- 
clusion that flow per unit volume is maintained 
through the myocardium supplied by a significantly 
narrowed coronary artery. Klassen et al.!* calculated 
absolute left coronary arterial flow and the tissue 
volume perfused by the left coronary artery separate- 
ly by using different indicators, T1824 and tritiated 
water, respectively. They found that blood flow per 
unit volume (in this case, milliliters of extravascular 
water) was maintained in coronary artery disease. 
This finding supports our observations since the as- 
sumptions inherent in the technique used by Klassen 
et al.14 are quite different from ours. 

Mechanism of maintenance of flow across a 
stenotic lesion: The most likely explanation for 
maintenance of flow across a stenotic lesion is the 
development of effective intercoronary collateraliza- 
tion to the distal myocardial bed. Angiographically 
documented collateral vessels have been demon- 
strated in 80 percent of patients with significant 
three-vessel coronary artery disease.!? However, the 
magnitude of flow through these vessels has not been 
measured in man. In dogs, retrograde flow has been 
shown to be considerable1® and could easily account 
for normal resting flow measurements in a diseased 
vascular bed. Of the eight patients in our series with 
90 percent stenosis of the left anterior descending 
coronary artery, two had angiographically demon- 
strable collateral vessels to its distal portion. In three 
of the remaining cases collateral vessels were identi- 
fied between the left anterior descending coronary 
artery and another vascular bed but, at the time of 
the arteriograms, flow was directed away from the 
left anterior descending coronary artery. It is possi- 
ble that at other times the direction of collateral flow 
might reverse and improve perfusion of the left ante- 
rior descending coronary artery. Therefore, five of 


eight cases with 90 percent occlusion of the left ante- 
rior descending coronary artery had visualized collat- 
eral vessels. It should be pointed out that in each 
case these collateral vessels arose from diseased ves- 
sels (so-called compromised collaterals) and would 
not be expected to meet the increase demands for 
myocardial flow imposed by stress such as exercise. 
However, the collateral flow might be of sufficient 
magnitude to result in normal resting flow values. In 
the other three cases, collateral vessels were not 
demonstrated angiographically but may still have 
been present and played a role in maintaining 
flow. 

Clinical implications: Our study was performed 
with subjects in a resting state. Interventions such as 
exercise or atrial pacing might produce different 
values for myocardial blood flow in normal subjects 
than in patients with various degrees of coronary ar- 
terial narrowing. Conti et al.!* found that values for 
myocardial blood flow during atrial pacing were in- 
creased to a greater extent in patients with an isch- 
emic response than in patients without ischemia. An 
explanation of these unexpected results was that 
maximal vasodilatation followed the ischemia. How- 
ever, it must be kept in mind that these authors 
analyzed their results assuming a monoexponential 
washout. 

The lack of correlation between the angiographic 
degree of narrowing of a coronary artery and the 
myocardial blood flow determined by washout at rest 
does not preclude use of the latter in assessing 
change of flow after interventions such as exercise in 
different patients or after surgery or pharmacologic 
treatment in the same patient. 

Because of the convenience of the technique and 
the importance of attempting to determine myocar- 
dial blood flow in man, further studies of the wash- 
out technique are warranted. 
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To quantitate limitations of coronary blood flow in angina pectoris, 
great cardiac venous blood flow was measured by the thermodilution 
method of Ganz in 6 normal subjects and 28 patients with angina 
pectoris undergoing diagnostic coronary angiography. After resting 
measurements were obtained, atrial pacing was started at 100 beats / 
min and increased 10 beats/min every 2 minutes until appear- 
ance of the onset of angina, a heart rate of 150 beats/min or second 
degree atrioventricular block. A comparison of the hemodynamic 
data at rest and at the maximal rate revealed the systolic pressure- 
heart rate product increased 61 + 4.2 percent (standard error of the 
mean), time-tension index 36 + 3.4 percent and great cardiac ve- 
nous blood flow 50 + 7.1 percent in 23 patients who had angina 
during pacing (Group |). In five patients who did not have angina 
with pacing (Group ll), systolic pressure-heart rate product in- 
creased 84 + 13 percent, time-tension index 33 + 10 percent, and 
great cardiac venous blood flow 83 + 14 percent. In normal 
subjects (Group III) systolic pressure-heart rate product increased 
76 + 13.9 percent, time-tension index 36 + 5.3 percent and great 
cardiac venous blood flow 102 + 9.9 percent. Compared to Group 
Ill, Group | had a lesser rise in great cardiac venous blood flow (P 
— 0.001) despite comparable increases in time-tension index and 
systolic pressure-heart rate product. Greater limitations in ability to 
increase great cardiac venous blood flow were evident in patients 
with severe extensive coronary disease. Twenty-four of the study pa- 
tients also underwent a progressive bicycle-ergometer exercise test. 
Those able to perform high exercise loads had a significantly greater 
increase in great cardiac venous blood flow during atrial pacing than 
patients with low exercise capacity. Measurement of great cardiac 
venous blood flow appears to be a useful method for quantitating re- 
gional limitations of coronary blood flow. 


Coronary artery disease is characterized by limitations of coronary 
blood flow, especially under conditions producing increased myocar- 
dial oxygen requirements. In the presence of such requirements, an- 
gina pectoris is generally assumed to indicate restricted coronary 
blood flow. Measurements of coronary blood flow in subjects with 
coronary artery disease have generally failed to demonstrate signifi- 
cant differences in resting coronary blood flow between normal 
subjects and patients with coronary artery disease. Quantitative as- 
sessment of coronary blood flow in patients experiencing angina has 
yielded conflicting results. Of two investigations in which atrial pac- 
ing was employed as a myocardial stress, one showed no increase or a 
fall in coronary blood flow in subjects with angina,! whereas the 
other demonstrated a greater increase in coronary blood flow in 
subjects with coronary artery disease than in normal subjects.? The 
disparity in these results may be related to the methods utilized to 
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measure coronary blood flow. The quantitation of 
total organ blood flow by isotope clearance tech- 
niques has known limitations when the distribution 
of blood flow is nonuniform, a condition that is al- 
most certainly present during angina pectoris. Alter- 
nate methods might therefore be better suited for 
demonstration of impaired coronary blood flow in 
subjects with coronary artery disease. 

Ganz et al.3 recently developed a thermodilution 
technique that permits rapid quantitation of coro- 
nary venous outflow from the myocardium. In addi- 
tion, the method is suitable for determination of cor- 
onary venous flow from the anterolateral myocardial 
surface as well as total coronary sinus blood flow. 
When combined with atrial pacing the method is 
eminently suitable for measuring changes in flow ac- 
companying increased myocardial oxygen require- 
ments. Our investigation was designed to quantitate 
coronary blood flow limitations in patients with an- 
gina pectoris secondary to coronary artery disease, to 
correlate these limitations with results of multistage 
exercise testing, and to determine the interrelation 
between visualized coronary artery disease an4 limi- 
tations of coronary blood flow. 


Methods 


Patient material: Twenty-eight male patients with an- 
gina pectoris secondary to coronary artery disease were 
studied. All patients had angina pectoris of sufficient se- 
verity to warrant consideration of possible surgical inter- 
vention. Angina pectoris had been stable for a minimum 
of 6 weeks. Only one subject had prior clinical heart fail- 
ure and was receiving digitalis. No patient had a diastolic 
blood pressure greater than 100 mm Hg. Historical data 
were obtained prospectively. Six subjects with atypical 
chest pain, who underwent coronary angiography to ex- 
clude coronary artery disease, were also selected for study. 

Procedure: Administration of long-acting coronary 
vasodilators was discontinued 12 hours before study. 
Three patients were receiving propranolol (Inderal®) but 
discontinued its use at least 24 hours before the investiga- 
tions. Secobarbital (Seconal®), 100 mg, was administered 
before the catheterization which was performed with pa- 
tients in the postabsorptive state. A Zucker bipolar pacing 
catheter was introduced through a right antecubital vein 
into the right atrium. A no. 7 Eppendorf catheter was po- 
sitioned in the left ventricle and connected to a Statham 
P23Db pressure transducer. Left ventricular pressure and 
its first derivative were recorded using a Sanborn Poly- 
beam or an Electronics for Medicine DR-8 recorder. Zero 
reference pressure was at the mid-chest level. Electrocar- 
diographic leads V4 and aVF were monitored throughout 
the procedure. Cardiac output was determined by the in- 
dicator-dilution method using indocyanine green dye. 
Curve area was calculated by the method of Williams et 
al.4 

A special coronary sinus catheter for measuring blood 
flow by a continuous thermodilution method? was posi- 
tioned deep in the coronary sinus by way of a left antecu- 
bital vein. Earlier experience with this catheter had 
shown that it was difficult to maintain a constant cathe- 
ter position near the coronary sinus orifice throughout in- 
terventions such as atrial pacing or exercise; any change 
in catheter position would invalidate comparisons of rest- 


ing and stress blood flow measurements. However, a sta- 
ble position could be obtained high in the coronary sinus. 
The flow measured in this region primarily represents 
great cardiac venous blood flow, that is, the venous drain- 
age of the anterior portion of the interventricular septum 
and the anterolateral wall of the left ventricle. Catheter 
position was initially assessed by hand injection of con- 
trast medium and verified by repeated fluoroscopy. Cath- 
eter position was also filmed before and after atrial pacing 
in the majority of studies. Subjects in whom the catheter 
position had changed during the study were excluded. 
Great cardiac venous blood flow was calculated as out- 
lined by Ganz et al.? for coronary sinus blood flow. A 5 
percent dextrose and water solution at room temperature 
was infused with a Harvard infusion pump at a rate of 
38.2 ml/min for 30 seconds. The postinfusion blood tem- 
perature was used in the computations. Amplifier gains 
were adjusted to provide a 1 cm recorder deflection per 1* 
C temperature change for both the internal and external 
thermisters. 

After basal observations were completed, atrial pacing 
was instituted at 100 beats/min. After 2 minutes of pacing 
the lcft ventricular pressure, cardiac output and great car- 
diac venous blood flow were measured, the latter two de- 
terminations being carried out simultaneously. The rate 
was then increased by 10 beats/min every 2 minutes; 
these measurements were repeated every other rate incre- 
ment and with the onset of angina pectoris. In subjects 
who did not experience angina the pacing was continued 
to a rate of 150 beats/min or until the appearance of atri- 
oventricular block. 

After hemodynamic studies were completed, coronary 
arteriograms were obtained by the Sones technique, with 
a 6-inch image intensifier and 35 mm film. A left ventric- 
ulogram was photographed in a 20* right anterior oblique 
projection. 

Left ventricular end-diastolic pressure was measured at 
the intercept of the downslope of the a wave and the up- 
stroke of the left ventricular pressure, and averaged for 10 
beats. Left ventricular area was determined by planimet- 
ry. Left ventricular area, expressed in millimeters of 
mercury-seconds, is defined as the area under the left 
ventricular pressure curve, beginning with the onset of 
ventricular contraction and ending when the left ventricu- 
lar pressure falls below left ventricular end-diastolic pres- 
sure. Tension-time index was calculated as the product of 
left ventricular area and heart rate. The product of left 
ventricular systolic pressure and heart rate product was 
also calculated. 

Left ventricular stroke work index, expressed in gram- 
meters per square meter, was calculated as: 


Left ventricular stroke work index — stroke index X [left 
ventricular systolic pressure — left ventricular end- 
diastolic pressure] X 13.6/1,000 


Coronary arterial lesions were graded as follows: 0 — no 
disease; 1 = less than 30 percent obstruction; 2 = 30 to 50 
percent obstruction; 3 — 50 to 75 percent obstruction; 4 — 
75 to 99 percent obstruction; and 5 = total occlusion. The 
right coronary artery, the main trunk of the left coronary 
artery, the anterior descending artery, the left main cir- 
cumflex, the left marginal branch and the left posterolat- 
eral branch of the circumflex artery were graded individu- 
ally. The overall severity of coronary artery disease was 
defined as the sum of the obstruction grades of each ves- 
sel: grade 1 and 2 lesions were excluded from the sum rep- 
resenting overall severity since these lesions have little 
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TABLE | 


Hemodynamic Responses to Atrial Pacing 


Systolic 


Stroke 
Index 
(ml/m?) 


Cardiac 
Index (liters/ 
min per m?) 


Pressure 
X Heart Rate 


(mm Hg-beats/min) 


TTI 
(mm Hg- 


Systolic 


LVEDP 
(mm Hg) 


LVSWI 
(g-m/m?) 


GCVBF 
(ml/min) 


Pressure 


(mm Hg) 


Heart 


sec/min) 


Rate 








Group I. Angina with Pacing (no. = 23) 


40 29 65.6 52.2 18 18 


3:3 


17,444 3.1 


+939 


11,405 
+472 
Group II. No Angina with Pacing (no. = 5) 


4,462 


+153 


3,310 
+140 


80 119 143 153 76 115 


Mean 


:E2:05 5 1,8. Ses! ik8.7.7 "E17, 350.5 


0.2 


+0.1 


+4.5 Itz A de Ca 313.2 


2:255 


+SEM +2.5 


70.8 40.7 16 
+9.6 +6.0 


23 


42 


3.4 3.4 


0.4 


19,733 
2-1,820 


10,713 


+674 
Group III. No Coronary Disease (no. = 6) 


4,307 


+441 


2,982 
+272 


148 138 133 87 157 
-SEM +4.9 42.3  -13.7 +10.7 


82 


Mean 


23,1 


+6.1 


ms aes B= ay 


+0.4 


c:1577 


+8.5 


3.6 3.5 50 30 82.7 


19,170 
£1,638 


11,521 
+1,662 


4,236 
2-349 


3,167 
+371 


81 134 135 141 61 121 


Mean 


ERIS 5204. ENB 541000. 257/85... 009." 25,6 


zE0.4 


lll. 29.7 e837 351278 


ERI 


ÆSEM +6.7 


LVEDP = left ventricular end-diastolic pressure; P = final pacing level; R = resting 


left ventricular stroke work index; 


standard error of the mean; TTI = time-tension index. 


GCVBF = great cardiac venous blood flow; LVSWI 


level; SEM 


relation to clinical manifestations of coronary artery dis- 
ease.5 

Ventriculograms were visually graded as follows: 0 = 
normal ventricle; 1 = localized dysfunction without ven- 
tricular dilatation; 2 = one or more areas of dysfunction 
with a moderate increase in end-systolic volume; and 3 = 
gross impairment and dilatation with or without a distinct 
aneurysm. 

Statistical analysis of the observed differences by Stu- 
dent's t test and the correlation coefficients were calculat- 
ed with the Olivetti Programma.* 

Exercise testing: Progressive exercise testing was per- 
formed with the patient in the sitting position using a 
bicycle ergometer. Drug therapy for angina pectoris was 
discontinued the day before testing. Subjects were in the 
postabsorptive state, and the exercise room temperature 
was 70 F. Bipolar chest leads equivalent to leads Va, Vs 
and Vg and brachial arterial blood pressure were moni- 
tored throughout the test. Exercise was started at 150 ki- 
lopond-meters and maintained for 3 minutes after which 
the subject rested 2 minutes. The work load was increased 
by increments of 150 kilopond-meters using the exercise- 
rest sequence described. The test was terminated when 
the subject had chest pain similar to his usual angina pec- 
toris, horizontal S-T segment depression greater than 1 mm 
appeared, or the heart rate equaled 80 percent of the age- 
predicted maximal heart rate. This final work load, in ki- 
lopond-meters per square meter of body surface area, was 
correlated with the subject's ability to increase great coro- 
nary venous blood flow. 

Patient groups: Subjects were assigned to one of three 
groups according to their response to atrial pacing and the 
presence or absence of significant coronary disease. Group 
I represents patients with coronary artery disease who ex- 
perienced angina pectoris with atrial pacing. Patients in 
Group II also had coronary artery disease but did not ex- 
perience angina during pacing. Subjects in Group III had 
no significant coronary artery disease. 


Results 


Cardiac venous blood flow: Since the position of 
the coronary sinus catheter within the great cardiac 
vein could not be identical in all patients, the alter- 
ations in cardiac venous blood flow were expressed as 
the percent increase in great cardiac venous blood 
flow compared to values in the resting state. 

The ability to increase great cardiac vein blood 
flow was often severely limited in subjects with coro- 
nary artery disease in whom atrial pacing induced 
angina pectoris. In 13 of 23 subjects in Group I great 
cardiac venous blood flow at the maximal heart rate 
achieved rose less than 50 percent above control 
values, whereas it approximately doubled in Groups 
II and III (Table I). There was a slight positive corre- 
lation between the maximal paced heart rate and a 
subject's ability to increase great cardiac venous 
blood flow. However, as seen in Figure 1, the scatter 
is sufficiently marked that one could not readily pre- 
dict changes in cardiac vencus blood flow on the 
basis of a subject's ability to tolerate paced increases 
in heart rate. 


*Courtesy of Dr. E. H. Chester 
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Since systolic pressure, as well as heart rate, is an 
important determinant of myocardial oxygen de- 
mand, alterations in systolic pressure would also in- 
fluence blood flow response of the great cardiac vein. 
Thus, changes in cardiac venous blood flow are more 
appropriately related to either the time-tension 
index or the systolic pressure-heart rate product 
rather than to heart rate alone. As seen in Figure 2, 
all three groups had comparable increases in the 
time-tension index, yet the increase in great cardiac 
venous blood flow was proportionately smaller for 
Group I (P = 0.002). The percent increase in great 
cardiac venous blood flow per increment in the sys- 
tolic pressure-heart rate product was similar for 
Groups I and II but significantly smaller than that 
observed in Group III (P = 0.03). 

Hemodynamic response: Atrial pacing produced 
a significant increase in systolic pressure only in 
subjects in Group I (P = 0.008). Although the pacing 
rates were lower in Group I, the higher systolic pres- 
sure led to increases in time-tension index and sys- 
tolic pressure-heart rate product comparable to those 
in Groups II and III. Although the duration of left 
ventricular systole, at the final pacing rate, was 
somewhat greater in patients in Group I than in pa- 
tients in Group III (0.35 + 0.03 standard deviation 
[SD] versus 0.33 + 0.01), the difference was not sig- 
nificant. Cardiac index was similar in all groups. The 
higher heart rates achieved in Groups II and III led 
to a greater reduction in stroke index. Left ventricu- 
lar stroke work index fell in all groups, and there was 
an associated decline in left ventricular end-diastolic 
pressure in Groups II and III. In contrast, although 
the left ventricular end-diastolic pressure usually 
declined in Group I with the initial reduction in left 
ventricular stroke work index, it later rose to abnor- 
mal levels as ischemic cardiac pain was induced. 
Resting values for the first derivative of left ventricu- 
lar pressure (dP/dt) were similar in all groups 
. (Group I 1,596 + 363 standard deviation, Group II 
1,497 + 345, Group III 1,638 + 292) and there were 
no significant group differences at the final pacing 
rate (Group I 1,922 + 471, Group II 1,842 + 633, 
Group III 2,028 + 442). Sixteen subjects in Group I 
manifested S-T segment depression greater than or 
equal to 1 mm in lead V4 or aVF, whereas only one 
patient in Group II had an ischemic S-T segment 
response to pacing. 

Exercise testing and great cardiac venous blood 
flow: Those subjects able to perform more strenuous 
levels of upright bicycle exercise exhibited more 
marked increases in great cardiac venous blood flow 
during atrial pacing (Fig. 3). Three patients in 
Group I who had angina at a work load of 150 kilo- 
pond-meters had less than a 30 percent increase in 
great cardiac venous blood flow before angina devel- 
oped. 

Great cardiac venous blood flow and angio- 
graphic correlations: Since only two subjects had 
single-vessel disease, a comparison of great cardiac 
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FIGURE 1. Relation between maximal heart rate reached during 
the atrial pacing test and percent increase in great cardiac ve- 
nous blood flow (GCBVF) in patients with coronary artery dis- 
ease. The data show a modest positive correlation between the 
two variables. 


venous blood flow patterns with the number of dis- 
eased vessels is not possible. Interestingly, three 
subjects in Group II had three-vessel disease, yet 
were able to increase coronary blood flow sufficiently 
to carry out high exercise loads and remain free from 
pain during atrial pacing. 


PERCENT INCREASE 





GCVBF TTI SP X HR 


FIGURE 2. Percent increase in great cardiac venous blood flow 
(GCVBF), tension-time index (TTI) and product of systolic pres- 
sure and heart rate (SP X HR) in the three patient groups dur- 
ing the atrial pacing test. Although increases in the latter two 
variables were comparable in all three groups, patients in Group 
| (coronary artery disease and angina during pacing) had a sig- 
nificantly smaller increase in great cardiac venous blood flow. 
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FIGURE 3. Relation between maximal exercise performed by 
subjects with coronary artery disease during a multistage bicy- 
cle exercise test and percent increase in great cardiac venous 
blood flow. The data show a positive correlation between work 
capacity and ability to increase blood flow. 


Figure 4 shows that the overall severity of coronary 
disease, as estimated by our method, does not have a 
strong correlation with ability to increase great car- 
diac venous blood flow. Nevertheless, of those 
subjects with a value for severity of 15 or greater, 
nine had angina with a less than 50 percent increase 
in great cardiac venous blood flow and only four had 
a greater than 50 percent increase. The responses of 
patients with less widespread disease varied consid- 
erably. 

Twenty of the 28 subjects with coronary artery 
disease had 75 percent or greater obstruction in the 
anterior descending artery. Of these 20, only the 3 
patients in the following cases had an increase of 100 
percent or more in great cardiac venous blood flow: 
In Case 19 a very large conus branch of the right cor- 
onary artery directly and immediately filled the en- 
tire left anterior descending artery; in Case 23 there 
was a large nonobstructed obtuse marginal vessel; 
and in Case 20 the coronary sinus rather than great 
cardiac vein blood flow was measured and hence the 
result was influenced by the nonobstructed right cor- 
onary artery. In contrast, four of the eight subjects 
with less than 75 percent obstruction of the left ante- 
rior descending artery showed an increase of great 
cardiac venous blood flow of 100 percent or more. 

There was no relation between ventriculographic 
findings and the ability to increase great cardiac ve- 
nous blood flow. 


Discussion 


Measurements of resting coronary blood flow have 
failed to distinguish between normal subjects and 
those with coronary artery disease.9.7 This finding is 
not unexpected since, in the absence of cardiac pain 
during rest, coronary blood flow is presumably ade- 
quate for the functioning myocardium. However, 
demonstration of a limitation of coronary blood flow 
during stress should be possible in subjects with an- 
gina pectoris, since angina is associated with meta- 
bolic evidence of localized myocardial ischemia sec- 
ondary to inadequate coronary blood flow. The level 
of myocardial stress producing angina is a reproduci- 
ble constant,? presumably determined by the degree 
of restriction of coronary blood flow to the least ade- 
quately perfused myocardial region. To quantitate 
this restricted coronary blood flow one must: (1) ini- 
tiate the myocardial stress at a level below the level 
producing angina; (2) increase the myocardial oxy- 
gen demand in a stepwise fashion; and (3) maintain 
each increment of stress sufficiently long to reach a 
plateau of coronary blood flow. These requirements 
are satisfied by the atrial pacing test, and a steady 
state of coronary blood flow is reached very quickly 
after a rate increase.1!9 

Measurements of total coronary blood flow, espe- 
cially those based on clearance techniques, may fail 
to detect flow limitations in subjects with coronary 
artery disease,? since the normal or even exaggerated 
flow response from regions of normal perfusion and 
function may obscure the reduced flow in ischemic 
regions. This would be particularly true if the initial 
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FIGURE 4. Relation between overall severity of coronary artery 
disease, as determined by coronary angiography, and percent 
increase in great cardiac venous blood flow. The correlation is 
not close. The responses of normal subjects (shown in the 
shaded area) are not included in the correlation coefficient. 
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imposed myocardial stress were to exceed the angi- 
nal threshold; the blood flow to nonischemic regions 
would increase normally and possibly mask the lim- 
ited flow to the most ischemic area. Nevertheless, 
some limitation in ability to increase the overall cor- 
onary blood flow would be anticipated in patients 
with angina pectoris. Yoshida et al.,!? utilizing the 
thermodilution method to measure coronary sinus 
blood flow, demonstrated that atrial pacing beyond 
the anginal threshold failed to produce a further nor- 
mal increase in coronary sinus blood flow. Their nor- 
mal subjects and patients with coronary artery dis- 
ease had similar increases in coronary sinus blood 
flow per increment of paced heart rate before the 
onset of angina. Although not specifically reported, 
the subjects with coronary artery disease had a lower 
paced heart rate and therefore had a lesser increase 
in coronary sinus blood flow than normal subjects. 
Holmberg,!! using a xenon clearance technique for 
measurement of coronary blood flow during graded 
exercise loads, found a somewhat higher level of 
maximal coronary blood flow in normal subjects 
than in those with coronary artery disease. In addi- 
tion, the patients with coronary artery disease mani- 
fested an increase in the arterial-coronary sinus arte- 
riovenous oxygen difference, which implied an inade- 
quate coronary blood flow for the myocardial oxygen 
demand. 

When one measures venous outflow from the ante- 
rolateral myocardium, one is studying regional blood 
flow. The venous outflow includes both the blood 
supply delivered by way of major anterolateral epi- 
cardial arteries as well as any collateral flow to that 
area. Within that area the blood flow distribution 
may still be nonuniform. However, the measurement 
of venous outflow includes regions of both high and 
low flow levels; this is in contrast to clearance tech- 
niques in which flow calculations are based predomi- 
nantly on the fast component of the clearance curve. 
Measurement of the actual venous outflow should 
better quantitate any flow limitations in response 
to progressive increases in myocardial oxygen de- 
mands. 

Our study demonstrates that in some subjects 
with coronary artery disease there is a marked re- 
striction in the ability to increase coronary blood 
flow to at least one critical region. As the atrial pac- 
ing test was performed, the myocardial stress was 
not increased after the appearance of angina pecto- 
ris. Therefore, the measured increase in great cardiac 
venous blood flow does not represent a patient's 
maximal capacity to increase overall coronary blood 
flow but instead denotes the degree of restriction of 
coronary blood flow to the least adequately perfused 
area. For example, if one were measuring the great 
cardiac venous blood flow response to increasing 
myocardial oxygen demands in a patient with an iso- 
lated occlusion of the left anterior descending artery, 
the great cardiac venous blood flow increase before 
and just at the onset of angina pectoris would reflect 
the subject's ability to increase flow appropriately to 
the anteroseptal region; if a further myocardial stress 


exceeding the ischemic threshold were applied, it is 
likely that the subject would still have augmented 
overall coronary blood flow and might even show an 
additional but inadequate increase to the anterior 
wall. When the ischemic region is not in the antero- 
lateral myocardium, our approach may overestimate 
the subject's ability to increase coronary blood flow 
to the ischemic region, since the increase in blood 
flow to the anterolateral wall might be greater than 
the increase in the ischemic zone. 

Few data are available to indicate to what degree 
coronary blood flow can increase in normal human 
subjects. Studies of coronary blood flow in conscious 
dogs have indicated that up to four-fold increases 
above resting values can occur during exercise.!? 
Holmberg!! has reported a one- to three-fold in- 
crease in coronary blood flow during supine exercise 
in untrained normal subjects. When his data are 
analyzed for percent increase of coronary blood flow 
per beat increase in heart rate, a 1.77 percent per 
beat increase in coronary blood flow occurred, a 
value similar to the 1.88 percent per beat increase in 
great cardiac venous blood flow observed in our nor- 
mal subjects during atrial pacing. Our data plus 
those of Holmberg indicate that in adult humans, 
coronary blood flow can be increased two to three 
times above resting levels. 

The observed minimal increase in great cardiac 
venous blood flow focuses attention on the marked 
limitation in coronary blood flow that can develop in 
subjects with coronary artery disease. In these 
subjects, it is quite apparent that minor increases in 
the determinants of myocardial oxygen demand will 
require an augmented coronary blood flow beyond 
the delivery capacity of their coronary circulation. 
One does not need to invoke special mechanisms, 
such as coronary arterial spasm, to understand the 
variety of circumstances that produce angina pecto- 
ris in such subjects; the minimal coronary flow re- 
serve provides an adequate explanation. 

Clinical implications: Exercise increases all de- 
terminants of coronary blood flow. Therefore, if mea- 
surement of venous outflow is an appropriate ap- 
proach to the measurement of coronary blood flow, 
one would anticipate that the demonstrated limita- 
tion of great cardiac venous blood flow in subjects 
with coronary artery disease woyld correlate with re- 
sults of quantitative exercise testing and the clinical 
history of limitations of activity. Our subjects with 
coronary artery disease who had a high level of exer- 
cise capacity usually did not experience angina dur- 
ing pacing and almost doubled their great cardiac 
venous blood flow. At the other end of the spectrum, 
subjects with pain at rest and poor exercise capacity 
had severe limitations of great cardiac venous blood 
flow. This correlation of exercise capacity and the 
ability to increase great cardiac venous blood flow 
supports the validity of this approach to quantitat- 
ing coronary blood flow limitations. 

The failure of the overall angiographic grade of se- 
verity to correlate closely with either exercise capaci- 
ty or ability to increase great cardiac venous blood 
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flow suggests that either the method of assessing 
overall severity is inadequate, or that the angiogram 
does not precisely reflect the degree to which coro- 
nary blood flow is compromised. The latter explana- 
tion seems more likely since experience with coro- 
nary angiography has shown that the severity of 
symptoms does not always correlate closely with the 
extent of visualized disease. Even when the great 
cardiac venous blood flow response was examined in 
relation to the degree of obstruction of the left ante- 
rior descending artery, no clear correlation appeared. 


These observations imply that the flow capacity of 
the diseased coronary arterial and related collateral 
circulation has a wide range which is not well as- 
sessed by angiography. 

Measurement of coronary sinus blood flow or great 
cardiac venous blood flow has provided a quantita- 
tive estimate of coronary blood flow restriction in 
coronary artery disease subjects. This safe and tech- 
nically simple approach should prove useful in the 
future evaluation of modalities thought to alter coro- 
nary blood flow. 
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Serious, refractory or recurrent, or both, paroxysmal tachyarrhyth- 
mia occurred in 8 of 33 consecutive patients with a diagnosis of left 
ventricular aneurysm established by angiocardiography. The arrhyth- 
mia was ventricular in origin in five patients and supraventricular in 
three. Six of the eight patients were operated upon and the aneu- 
rysms resected. Four patients survived the operation and had no re- 
currence of the arrhythmias during a follow-up period of 7 to 25 
months. One of these patients had a traumatic myocardial aneurysm 
associated with ventricular tachyarrhythmia. The other three patients 
had postinfarction aneurysms; ventricular tachycardia had been 
present in two and recurrent atrial flutter in the third. Two patients 
died after operation. They differed from the surviving patients in that 
they both had three-vessel coronary artery disease and severe impair- 
ment of myocardial contractility. Two patients responded satisfactorily 
to medical treatment so that surgery was not considered necessary. 
One of these had a postinfarction aneurysm and ventricular 
tachycardia that recurred less frequently with antiarrhythmic therapy. 
The other had a traumatic myocardial aneurysm and supraventricular 
tachycardia that was adequately controlled with drugs. 
Aneurysmectomy should be considered in the management of pa- 
tients with postinfarction or traumatic ventricular aneurysms who 
present with refractory ventricular or supraventricular tachycardia. 


The association of paroxysmal tachyarrhythmia with myocardial an- 
eurysm has been recognized for many years. In 1927 Joachim and 
Hays! reported on a patient with a cardiac aneurysm of probable 
traumatic origin; death was reported to be due to arrhythmia. Was- 
serman and Yules? were probably the first to draw attention to the 
association of dysrhythmia with aneurysm when they described re- 
fractory ventricular tachycardia in a patient with ventricular aneu- 
rysm, coronary atherosclerosis and a history of penetrating chest 
injury. Paroxysmal tachyarrhythmia, usually of ventricular and less 
commonly of supraventricular origin, has subsequently been recog- 
nized in patients with ventricular aneurysms due to various caus- 
es,3-18 including myocardial infarction,®> 1° chest traumat and myo- 
cardial sarcoidosis.18 Some aneurysms thought to be of congenital 
origin have been encountered in African Bantus,? and still others of 
unidentified origin have been described.!? 

Ventricular tachyarrhythmias otherwise refractory to medical 
therapy were controlled by surgical resection of the ventricular aneu- 
rysm in a few of these patients.1°18 There are no reported cases of 
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TABLE | 
Clinical Features of Eight Patients with Ventricular Aneurysm 





Symptoms Sinite 
Case Age An- Embo- TypeofTachy- Frequency of Associated Cause of 
no. (yr) pnea gina lism arrhythmia Arrhythmia with Arrhythmia Aneurysm Treatment Outcome 
1 71 + S= Supraven- >20 times Fainting, palpita- Postinfarc- Aneurys- No recurrence 
tricular in 2 yr. tion, angina tion mectomy for 22 yr. 
(atrial 
flutter) 

2 43 + — Ventricular 3 times in 6 Cardiac arrest due Trauma Aneurys- None for 7 mo. 
mo. 4- to ventricular mectomy 
probable fibrillation 
others 

3 63 +* — Ventricular 10-15 times/ Palpitation, faint- Postinfarc- Aneurys- None for 5 mo. 
mo. ness, dizziness, tion mectomy 

dyspnea 

4 53 — — Ventricular 1+ prob- Cardiac arrest due Postinfarc- | Aneurys- None for 14 mo. 
able to ventricular tion mectomy 
others fibrillation 

5 68 + + Supraven- 6-7 times in Lightheadedness Postinfarc- ^X Aneurys- Death in 2 mo. 

tricular 6 mo. tion mectomy (myocardial 
infarction) 

6 50 + — Ventricular 3-4 times in Loss of conscious- Postinfarc- ^ Aneurys- Death in 2 weeks 
6 mo. + ness, 1 attack of tion mectomy (respiratory) 
probable ventricular 
others fibrillation 

7 63 — — Ventricular 240 times Palpitation, dys- Postinfarc- Propranolol 2 attacks in 1 yr. 
in 3 yr. pnea tion + quini- 

dine 
8 46 — — Supraven- 20 times in Palpitation, dizzi- Trauma Digoxin 4- Adequate con- 
tricular 10 mo. ness quinidine trol for 9 mo. 
(atrial 
flutter) 





* Only during tachyarrhythmia. 
— = absent; + = present; + = questionable. 


control of supraventricular tachycardia by ventricu- 
lar aneurysmectomy or cases of traumatic myocar- 
dial aneurysms which required aneurysmectomy for 
control of dangerous tachyarrhythmias. We are re- 
porting on eight patients with ventricular aneurysms 
complicated by tachyarrhythmias, six of whom were 
treated by aneurysmectomy. Two of the surgically 
treated patients had paroxysmal supraventricular 
tachycardia, and the others, including one patient 
with a traumatic myocardial aneurysm, suffered 
from ventricular tachycardia. 


Material and Methods 


Eight of 33 consecutive patients with ventricular aneu- 
rysm established by angiocardiography were chosen for 
our study because they had attacks of tachyarrhythmia 
that were recurrent or resistant, or both. There were seven 
men and one woman with an age range of 43 to 71 years. 
They were followed up at the University of Iowa Hospitals 
between 1967 and 1972. The clinical evaluation of these 
patients included radiographic examination, scalar elec- 
trocardiograms, fluoroscopic examination, recordings of 
external precordial movements, pulse tracings, phonocar- 
diograms and echocardiograms. The tachyarrhythmia was 
documented in all patients by serial electrocardiograms 
and in three patients by continuous monitoring. Hemody- 


namic studies were performed in all patients and included 
right and left heart catheterization with use of standard 
techniques. Pressures were recorded with Statham strain 
gauge transducers (P23Db) and a multichannel photo- 
graphic recorder (EFM-16). Cardiac output determina- 
tions were made by the Fick or dye-dilution method, or 
both. Angiocardiographic studies were performed with 70 
to 80 cc of Renografin-76® injected into the left ventricle 
with use of a no. 7-8 angiocatheter at a rate of 20 ml/sec. 
Left ventricular angiograms were filmed at a rate of 25 
frames/sec by a 35 mm camera. Both right and left ante- 
rior oblique views were taken. Selective coronary angio- 
grams were performed by the Sones or Judkins technique. 
The ejection fraction of the left ventricular chamber ex- 
clusive of the aneurysm was estimated!? utilizing changes 
in the minor axis.?? In this study ventricular aneurysm 
was defined as “abnormal localized bulging of the ventric- 
ular cavity that is present at least during systole.’’21 


Results 


Table I summarizes the clinical presentation of the 
8 patients and the response to treatment; Table 
II shows the hemodynamic data, site and size of an- 
eurysm, contractility of the remaining myocardium 
as well as the number of significantly diseased coro- 
nary vessels. Aneurysmectomy was performed in six 
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Hemodynamic and Angiographic Data of Eight Patients with Ventricular Aneurysm 


Case Size of 
no. BP LVEDP Cl Aneurysm 
T» 155/83 11 2.8 Large 
Zz 140/92 11 533 Moderate 
3* 100/50 21 3-4. Large 
4* 63/43 11 2.0 Large 
5* 124/73 17 1.8 Large 
6* 82/59 23 1.3 Large 
7 97/61 9 9:3 Moderate 
8 100/68 16 1.8 Moderate 


Coronary 
Arteries 
with Arterio- 
Contraction Mitral 2759; venous 
Location of Remaining ^ Regurgi- Occlusion — O» Diff. 
of Aneurysm Myocardium tation (no.) (vol. %) EEF 
Infero- Good Mild 1 4.0 0.58 
poste- 
rior 
Apical Good None 0 2.6 0.72 
Anterior Good None 1 3.8 0.44 
Apical Fair Mild 2 065 0.49 
Anterior Poor None 3 7.4 0.30 
Antero- Poor Mild 3 T4 0.33 
apical 
Anterior Good None 1 2.0 0.48 
Anterior Good None 0 6.0 0.84 





* Surgically treated patients. 


BP« blood pressure (mm Hg); CI = cardiac index (liters/min per m?); Diff. = difference; EEF = estimated ejection fraction of the 
remaining left ventricle; LVEDP = left ventricular end-diastolic pressure (mm Hg). 










































































FIGURE 1. Case 1. Electrocardiogram (Sept. 15, 1970) showing 
inferior infarction, left ventricular hypertrophy and multiple ven- 
tricular premature contractions at various degrees of prematuri- 
ty. Note the absence of premature supraventricular beats. 


of the eight patients. Two patients were treated 
medically. The primary indication for resection of 
the aneurysm in three patients was uncontrollable 
tachyarrhythmia, and the condition of all three im- 
proved after operation. Aneurysmectomy was per- 
formed for the control of heart failure in addition to 
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FIGURE 2. Case 1. Electrocardiograms during paroxysmal 
tachycardia. Note the similarity of tracings taken during different 
paroxysms. Esophageal lead shows the flutter waves. 


tachyarrhythmia in the other three patients; one of 
these patients manifested improvement after opera- 
tion, and the other two patients died. 

Surgically treated patients: One of those with postop- 
erative improvement (Case 1) had a history of inferior in- 
farction followed by paroxysmal tachyarrhythmia thought 
to be ventricular in origin. Antiarrhythmic drugs were un- 
successful in controlling the tachycardia, for which direct- 
current cardioversion had to be used more than 15 times 
in 2 years. There were no symptoms of heart failure, and 
the hemodynamic measurements were normal. An electro- 
cardiogram (Fig. 1) revealed frequent ventricular prema- 
ture beats and evidence of inferior infarction. An attack of 
tachycardia recurred during the hospital stay; esophageal 
leads showed it to be atrial flutter with 2:1 atrioventricu- 
lar conduction (Fig. 2). Angiocardiography revealed an in- 
ferior ventricular aneurysm and occlusive disease of the 
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myocardial aneurysm. Note the persistent S-T segment eleva- 
tion, deep Q waves in V4 to Vg and the ventricular premature 
beats. 


right coronary artery. An attempt to overdrive the ven- 
tricular premature beats by temporary transvenous ven- 
tricular pacing caused a decrease in arterial blood pres- 
sure and urinary output, thereby suggesting a borderline 
state of compensation of the left heart chambers and em- 
phasizing the importance of sequential atrial and ventric- 
ular contraction in maintaining a normal output. There 
has been no recurrence of arrhythmia for more than 2 
years since aneurysmectomy, and the patient has not re- 
quired antiarrhythmic medication. 

Another patient (Case 2) sustained nonpenetrating 
trauma to the chest from the steering wheel in an auto- 
mobile accident. He was referred 1 year later for evalua- 
tion of unexplained dizzy spells and abnormal electrocar- 
diographic findings (Fig. 3). A ventricular aneurysm was 
suspected from the clinical, x-ray and electrocardiograph- 
ic examinations. The electrocardiogram also showed 
multifocal ventricular premature beats. The patient later 
had an episode of ventricular tachycardia which was ter- 
minated with administration of lidocaine. He was then 
given orally administered procainamide, 3 g/day, but had 
recurrences of the ventricular tachycardia 2 and 5 months 
later. Ventricular fibrillation occurred shortly after admis- 
sion to the hospital on one occasion because of ventricular 
tachycardia; defibrillation was accomplished. Administra- 
tion of quinidine sulfate, 1,200 mg/day orally, was not ef- 
fective in controlling ventricular premature beats after 
this episode. Hemodynamic studies revealed normal pres- 
sure values, and angiography showed normal coronary ar- 
teries. The resected aneurysm was 3 to 4 mm thick and 
consisted of fibrous tissue with islands of intact muscle 
fibers. The patient’s recovery from operation was unevent- 
ful, and he has not experienced dizzy spells or further at- 
tacks of ventricular tachycardia during the 7 months after 
operation. No premature beats were encountered during 
follow-up examinations. 

A third patient (Case 3) began to have attacks of ven- 
tricular tachycardia that recurred almost daily approxi- 


mately 1 year after an uncomplicated myocardial infarc- 
tion. The arrhythmia was refractory to treatment with 
infusion of lidocaine (up to 5 mg/min) and to either pro- 
cainamide or quinidine (Fig. 4). The hemodynamic find- 
ings were normal except for an elevated level of left ven- 
tricular end-diastolic pressure. Coronary arteriograms 
showed complete occlusion of the left anterior descending 
artery. There was no recurrence of ventricular tachycardia 
after aneurysmectomy even though the patient was not 
given prophylactic drugs. No premature beats were ob- 
served during a recent 10 hour monitoring period. 

The fourth patient (Case 4) began to show clinical, ra- 
diographic and electrocardiographic features of a ventricu- 
lar aneurysm a few months after a myocardial infarction. 
Congestive heart failure occurred. Cardiac catheterization 
showed impaired left ventricular function, a huge ventric- 
ular aneurysm, complete occlusion of the left anterior de- 
scending coronary artery and 75 percent occlusion of the 
right coronary artery. Electrocardiograms showed ventric- 
ular premature beats with short runs of repetitive beating. 
While in the hospital before operation the patient had 
ventricular tachycardia that led to ventricular fibrillation; 
defibrillation was accomplished. After operation there was 
marked symptomatic and hemodynamic improvement. 
Ventricular ectopic activity was abolished. 

Postoperative deaths: Of the two patients who died 
postoperatively, one (Case 5) had two myocardial infarc- 
tions in 2 years. The second infarction was followed by su- 
praventricular tachycardia confirmed by esophageal elec- 
trocardiography. Supraventricular tachycardia, which re- 
curred in spite of treatment with digoxin and quinidine, 
caused symptoms of cerebral ischemia in the absence of 
disease in the major cerebral vessels. There was clinical 
and hemodynamic evidence of heart failure. Angiograms 
revealed a ventricular aneurysm, complete occlusion of 
the right coronary artery, complete occlusion of the left 
anterior descending coronary artery and 90 percent occlu- 
sion of the left cireumflex coronary artery. Death after op- 
eration was probably due to acute myocardial infarction. 
The other patient (Case 6) had a postinfarction ventricu- 
lar aneurysm and complained of frequent episodes of loss 
of consciousness. The latter were secondary to ventricular 
tachycardia that could not be prevented by antiarrhyth- 
mic therapy. This patient was involved in an accident 
during one episode, and during his examination for possi- 
ble rib fracture, ventricular tachycardia recurred. The 
tachycardia was followed by ventricular fibrillation, which 
was abolished by defibrillation. Hemodynamic studies 
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FIGURE 4. Case 3. Strips taken before operation showing the 
lack of satisfactory control of ventricular tachycardia by various 
antiarrhythmic drugs. 
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showed impaired left ventricular function, and coronary 
arteriograms demonstrated complete occlusion of the 
main right, the left anterior descending and the obtuse 
marginal branch of the left circumflex coronary arteries. 

Medically treated patients: Of the two medically 
treated patients followed up, one patient (Case 7) had 
ventricular tachycardia and a postinfarction ventricular 
aneurysm. Ventricular tachycardia recurred every few 
weeks and did not respond initially to administration of 
digitalis, quinidine, procainamide or propranolol, but con- 
trol was subsequently achieved with use of a combination 
of quinidine sulfate, 1,200 mg, and propranolol, 120 mg, 
daily. Ventricular tachycardia recurred only twice in 1 
year. The other patient (Case 8) had a history of severe 
blunt chest trauma followed in 7 years by supraventricu- 
lar tachycardia. The coronary angiograms confirmed the 
absence of coronary artery disease. Supraventricular 
tachycardia has been adequately controlled by adminis- 
tration of digoxin, 0.25 mg, and quinidine sulfate, 1,200 
mg, daily. 


Discussion 


Our study suggests that aneurysmectomy can be 
an effective means for controlling otherwise refracto- 
ry ventricular and supraventricular tachyarrhyth- 
mias. It also suggests that patients with traumatic 
ventricular aneurysms as well as those with postin- 
farction aneurysms may benefit from resection of the 
aneurysm for the control of tachyarrhythmia. 

Arrhythmias in ventricular aneurysm: The 
overall incidence of paroxysmal tachyarrhythmias in 
patients with ventricular aneurysms remains largely 
unknown. The incidence in our series was 24 percent. 
However, this figure may be biased since angiocardi- 
ography is not performed routinely in our patients 
with myocardial infarction and suspected ventricular 
aneurysms unless there are sufficient symptoms to 
warrant study. It is also possible that we have not 
recognized the true incidence of arrhythmia in pa- 
tients with ventricular aneurysms and that many 
other patients may have transient, infrequent or 
asymptomatic attacks of tachycardia that are not 
noted or documented. 

Reviewing the electrocardiograms of 63 patients 
found at autopsy to have left ventricular aneuryms, 
Dubnow et al.$ encountered three subjects with ven- 
tricular tachyarrhythmia, one patient with atrial 
tachycardia and one patient with both atrial and 
ventricular tachycardia. Rochemaure et al.* reported 
ventricular tachycardia in 20 percent of their pa- 
tients with large ventricular aneurysms, 3 percent of 
their patients with moderate-sized aneurysms and in 
none of 22 patients with small ventricular aneu- 
rysms. They also encountered 2 patients with atrial 
tachycardia and others with atrial fibrillation or pre- 
mature supraventricular and ventricular beats 
among a group of 100 patients with ventricular aneu- 
rysms. They noted that the prognosis of patients 
with large aneurysms is influenced by the ventricular 
tachycardia so that the arrhythmia accounted for 
seven of the eight deaths in the group. A prospective 
study by Mourdjinis et al.8 of 39 patients with post- 
infarction ventricular aneurysms showed that 
paroxysmal tachycardia was common among pa- 
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tients with large myocardial aneurysms. These inves- 
tigators particularly mentioned one patient with 
paroxysmal atrial tachycardia who had a cardiac ar- 
rest and two other patients who died with ventricu- 
lar tachycardia. Bouvrain et al.?? encountered 24 pa- 
tients with left ventricular aneurysms among a group 
of 55 consecutive hospital patients who had old myo- 
cardial infarction and who were hospitalized for the 
management of ventricular tachycardia. 

Genesis of ventricular arrhythmias: The genesis 
of arrhythmias in patients with ventricular aneu- 
rysms is not fully understood. Himbert et al.?? sug- 
gested that ventricular arrhythmias originate in the 
marginal zone of the aneurysm separating the area of 
myocardial scar and the viable myocardium because 
this zone is subject to continuous mechanical stress. 
Durrer et al.?* noted that the mean conduction ve- 
locity of excitation waves was reduced and that the 
excitatory waves followed circuitous movements in 
myocardial scars after experimental cardiac infarc- 
tion. Reentrant ventricular tachycardia might be 
possible under such circumstances.?9 It is also con- 
ceivable that ischemia may lead to temporal disper- 
sion of recovery of excitability between adjacent 
myocardial fibers. This in turn might enhance ectop- 
ic ventricular activity? or even precipitate ventricu- 
lar fibrillation through decremental conduction and 
fractionation of responses.?7.28 The electrophysiology 
underlying ventricular arrhythmias in experimental- 
ly induced acute myocardial injury has been studied 
further by Sherlag et al.29 and Lazzara and Abellei- 
ra.20 Aneurysmectomy may effectively control the 
tachycardia by removing this zone of electrical 
inhomogeneity. 

Genesis of supraventricular arrhythmias: The 
association of supraventricular tachycardia with ven- 
tricular aneurysms is even more difficult to explain. 
It is possible that supraventricular tachycardias may 
be caused by the underlying ischemic process, irre- 
spective of the myocardial aneurysm,?! in patients 
with postinfarction aneurysms. lt is also possible 
that in the instances in which the aneurysm affects 
left ventricular function adversely, the resultant in- 
crease in left ventricular diastolic pressure may in- 
crease the atrial load and tension and thus enhance 
the development of supraventricular arrhythmia.?? 
These explanations are unlikely in our patient with 
supraventricular tachycardia whose condition im- 
proved after operation since he had a normal hemo- 
dynamic status before operation. The prompt control 
of the tachycardia after operation also indicates that 
the arrhythmia is not a manifestation of ischemic 
damage to the atrial structures. It is possible that 
paroxysms of supraventricular tachycardia in pa- 
tients with ventricular aneurysms may be initiated 
by ventricular or junctional premature beats. It has 
been shown that temporary prolongation of ante- 
grade atrioventricular conduction may precipitate an 
attack of paroxysmal atrial tachycardia in a suscep- 
tible patient.33 Such prolongation may result from 
concealed retrograde conduction of a junctional?* or 
a ventricular?? premature beat. It is also possible 
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that the tachycardia might develop as a reciprocat- 
ing rhythm following a premature ventricular 
beat.39-38 Furthermore, it has been shown that a 
properly timed ventricular premature beat may be 
conducted retrograde so that it reaches the atrium in 
the vulnerable period of atrial repolarization?? and 
can thus precipitate atrial tachyarrhythmias. 

It is probable that in certain instances medications 
taken for the treatment of heart failure enhance the 
development of ventricular or supraventricular ar- 
rhythmias. No such medications were taken by three 
of our patients who were operated upon for the con- 
trol of tachyarrhythmias and who had a normal 
hemodynamic status. It is also unlikely that such 
medications were a major factor in the genesis of ar- 
rhythmia in the other three patients who had con- 
gestive heart failure since careful attention had been 
paid to electrolyte balance and to the possibility of 
digitalis overdose in these patients. 

Surgical treatment: In many respects patients 
with traumatic ventricular aneurysms may behave 
like patients with postinfarction myocardial aneu- 
rysms. We call attention to the possibility that surgi- 


cal excision of a traumatic ventricular aneurysm may 
lead to the control of complicating serious ventricu- 
lar arrhythmia. So far, there have been only two 
other instances of surgically controllable ventricular 
tachycardia in patients with ventricular aneurysms 
not due to prior myocardial infarction. In one of 
these patients, the tachycardia was secondary to 
myocardial sarcoidosis!? and in the other was of un- 
certain origin.2? Equally interesting is the observa- 
tion that paroxysmal supraventricular tachycardia 
that has otherwise been uncontrollable may disap- 
pear after ventricular aneurysmectomy. 

Resection of ventricular aneurysms usually has an 
acceptable perioperative mortality rate$9.$! consid- 
ering the gravity of the cardiac condition in many of 
these patients. Mortality figures seem to be related 
primarily to the number of coronary arteries that are 
significantly narrowed!9.*1.42 and to the functional 
integrity of the remaining myocardium.19.52 This is 
exemplified by the two patients who died in the 
perioperative period in our series and who had three- 
vessel coronary disease and poor ventricular func- 
tion. 


References 


1. Joachim H, Hays AT: Case of cardiac aneurysm probably of 
traumatic origin. Amer Heart J 2:682-686, 1927 
2. Wasserman E, Yules J: Cardiac aneurysm with ventricular 
tachycardia. Case report and brief review of the literature. 
Ann Intern Med 39:948-956, 1953 
3. Chesler E, Dubb A, Outim L: Ventricular tachycardia due to 
subvalvular left ventricular aneurysms. S Afr Med J 
41:518-521, 1967 
4. Froment R, Champsaur G: 17 ans d'évolution d'un ané- 
vrisme traumatique due ventricule gauche. Arch Mal Coeur 
64:1830-1834, 1971 
5. Likoff W, Bailey CP: Problem of myocardial aneurysm: rec- 
ognition and treatment (abstr). Circulation 14:968, 1956 
6. Dubnow MH, Burchell HB, Titus JL: Post-infarction ventricu- 
lar aneurysm. A clinicomorphologic and electrocardiograph- 
ic study of 80 cases. Amer Heart J 70:753-760, 1965 
7. Rochemaure J, Himbert J, Lenégre J: Evolution, des ané- 
vrismes ventriculaires aprés infarctus du myocarde. Arch 
Mal Coeur 59:1649-1664, 1966 
8. Mourdjinis A, Olsen E, Raphael MJ, et al: Clinical diagnosis 
and prognosis of ventricular aneurysm. Brit Heart J 
30:497-513, 1968 
9. Davis RW, Ebert PA: Ventricular aneurysm: a clinical-patho- 
logic correlation. Amer J Cardiol 29:1-6, 1972 
10. Couch OA Jr: Cardiac aneurysm with ventricular tachycar- 
dia and subsequent excision of aneurysm: case report. Cir- 
culation 20:251-253, 1959 
11. Favaloro RG, Effler DB, Groves LK, et al: Ventricular aneu- 
rysm: clinical experience. Ann Thorac Surg 6:227-243, 
1968 
12. Hunt D, Sloman G, Westlake G: Ventricular aneurysmec- 
tomy for recurrent tachycardia. Brit Heart J 31:264-266, 
1969 
13. Kremer R, Chalant C, Ponlot R, et al: Tachycardie ventricu- 
laire recidivante guerie par resection d'un anévrisme pari- 
etal due ventricule gauche. Acta Cardiol 24:523-530, 1969 
14. Ritter ER: Intractable ventricular tachycardia due to ventric- 
ular aneurysm with surgical cure. Ann Intern Med 
71:1155-1157, 1969 
15. Schlesinger Z, Lieberman Y, Neufeld HN: Ventricular aneu- 
rysmectomy for severe rhythm disturbances. J Thorac Car- 
diovasc Surg 61:602-604, 1971 
16. Thind GS, Blakemore WS, Zinsser HF: Ventricular aneurys- 


mectomy for the treatment of recurrent ventricular tachyar- 
rhythmia. Amer J Cardiol 27:690-694, 1971 

17. Maloy WC, Arrantis JE, Sowell BF, et al: Left ventricular 
aneurysm of uncertain etiology with recurrent ventricular 
arrhythmias. New Eng J Med 285:662-663, 1971 

18. Lull RJ, Dunn BE, Gregoratos G, et al: Ventricular aneu- 
rysm due to cardiac sarcoidosis with surgical cure of re- 
fractory ventricular tachycardia. Amer J Cardiol 30:282- 
287, 1972 

19. Arthur A, Basta LL, Kioschos JM: Factors influencing prog- 
nosis in left ventricular aneurysmectomy (abstr). Circulation 
46: suppl 2:502, 1972 

20. Lewis RP, Sandler H: Relationship between changes in left 
ventricular dimensions and the ejection fraction in man. 
Circulation 44:548-557, 1971 

21. Baron MG: Postinfarction aneurysm of the left ventricle. Cir- 
culation 43:762-769, 1971 

22. Bouvrain Y, Slama R, Motte G, et al: Les tachycardies ven- 
triculares. Etiologie et évolution. à propos de 161 malades. 
Arch Mal Coeur 61:909-920, 1968 

23. Himbert J, Rochemaure J, Lenégre J: Les lésions anatom- 
iques dans 100 anévrismes ventriculaires aprés infarctus du 
myocarde. Arch Mal Coeur 59:1202-1219, 1966 

24. Durrer D, Van Lier AAW, Büller J: Epicardial and intramural 
excitation in chronic myocardial infarction. Amer Heart J 
68:765-776, 1964 

25. Cranefield PF, Hoffman BF: Reentry: slow conduction, sum- 
mation and inhibition. Circulation 45:309-311, 1972 

26. DeSanctis RW, Block P, Hutter AM Jr: Tachyarrhythmias in 
myocardial infarction. Circulation 45:681-702, 1972 

27. Han J, Garcia DE, Jalon P, et al: Fibrillation threshold of 
premature ventricular responses. Circ Res 18:18-25, 
1966 

28. Moe GK: On the multiple wavelet hypothesis of atrial fibril- 
lation. Arch Int Pharmacodyn 140:183-188, 1962 

29. Sherlag BJ, Helfant RH, Haft JI, et al: Electrophysiology 
underlying ventricular arrhythmias due to coronary ligation. 
Amer J Physiol 219:1665-1671, 1970 

30. Lazzara R, Abelleira JL: Intracellular recordings from in- 
farcted canine endocardium. Fed Proc 31:387, 1972 

31. James TN: The coronary circuletion and conduction system 
in acute myocardial infarction. Progr Cardiovasc Dis 
10:410-449, 1968 


698 October 1973 The American Journal of CARDIOLOGY . Volume 32 


32. 


33. 


34. 


35. 


36. 


37. 


Lown B, Klein MD, Hershberg P: Coronary and precoronary 
care. Amer J Med 46:705-724, 1969 

Goldreyer BN, Damato AN: The essential role of atrioven- 
tricular conduction delay in the initiation of paroxysmal su- 
praventricular tachycardia. Circulation 43:679-687, 1971 
Goldreyer BN, Weiss MB, Damato AN: Supraventricular 
tachycardia initiated by sinus beats. Circulation 44:820-825, 
1971 

Durrer D, Schoo L, Schuilenburg RM, et al: The role of pre- 
mature beats in the initiation and the termination of supra- 
ventricular tachycardia in the Wolff-Parkinson-White syn- 
drome. Circulation 36:644-662, 1967 

Schuilenburg RM, Durrer D: Ventricular echo beats in 
human heart elicited by induced ventricular premature 
beats. Circulation 40:337-347, 1969 

Damato AN, Lau SH, Bobb GA: Studies on ventriculo-atrial 
conduction and the re-entry phenomenon. Circulation 


October 1973 The American Journal of CARDIOLOGY Volume 32 


ANEURYSMECTOMY FOR TACHYARRHYTHMIAS—BASTA ET AL. 


38. 


39. 


40. 


41. 


42. 


41:423-435, 1970 

Mendez C, Moe GK: Demonstration of a dual A-V nodal 
conduction system in the isolated rabbit heart. Circ Res 
19:378-393, 1966 

Csapo' G: Role of ventricular premature beats in initiation 
and termination of atrial arrhythmias. Brit Heart J 33:105- 
110, 1971 

Cooley DA, Hallman GL: Surgical treatment of left ventricu- 
lar aneurysm: experience with excision of post-infarction le- 
sions in 80 patients. Progr Cardiovasc Dis 11:222-228, 
1968 

Graber JD, Oakley CM, Pickering BN, et al: Ventricular an- 
eurysm—an appraisal of diagnosis and surgical treatment. 
Brit Heart J 34:830-838, 1972 

Kouchoukos NT, Doty DB, Buettner LE, et al: Treatment of 
postinfarction cardiac failure by myocardial excision and 
revascularization. Circulation 45: suppl 1:72-78, 1972 


699 


Rapid Atrial Stimulation: Successful Method of 
Conversion of Atrial Flutter and Atrial Tachycardia 


DAVID E. PITTMAN, MD 
JASBIR S. MAKAR, MD 

KIAN S. KOOROS, MD 

CLAUDE R. JOYNER, MD, FACC 


Pittsburgh, Pennsylvania 


From the Division of Cardiology, Allegheny 
General Hospital and The Department of 
Medicine, University of Pittsburgh School of 
Medicine, Pittsburgh, Pa. Manuscript ac- 
cepted May 9, 1973. 


Address for reprints: David E. Pittman, 
MD, Allegheny General Hospital, 320 East 
North Ave., Pittsburgh, Pa. 15212. 


Atrial flutter and atrial tachycardia frequently pose difficult therapeu- 
tic problems. The established methods of treatment use various anti- 
arrhythmic drugs or precordial countershock, or both. More recently, 
rapid atrial stimulation has been advocated as an alternative mode of 
conversion of these tachycardias. Most reports have shown a satis- 
fying rate of conversion. 

Our experience represents the second largest reported series of 
patients to undergo cardioversion by this method. In all but 3 of 32 
patients who underwent the procedure, either the atrial tachyarrhyth- 
mia was converted to sinus rhythm or the flutter-tachycardia was 
terminated with resultant atrial fibrillation. In 23 patients sinus 
rhythm was eventually established after atrial stimulation. This tech- 
nique is confirmed as a safe and reliable method of terminating atrial 
flutter and atrial tachycardia. 

Reasons for preferring this mode of cardioversion of atrial tachy- 
cardia-flutter over direct-current countershock are discussed. Par- 
ticular consideration should be given to conversion by rapid atrial 
stimulation in patients with possible digitalis toxicity and in all pa- 
tients who have atrial flutter, atrial tachycardia or junctional tachy- 
cardia after open heart surgery. 


Transthoracic external cardioversion has become a well established 
method of terminating various supraventricular tachyarrhythmias.1-8 
However, this procedure is not without hazard. Complications are 
especially likely to occur in patients receiving digitalis before electric 
countershock.9-5 Rapid atrial stimulation has also been reported to 
be a useful technique for terminating atrial flutter, atrial tachycardia 
and reciprocating tachycardias.9-!7 However, Rosen et al.18 recently 
reported failure in 15 consecutive patients who underwent rapid atri- 
al stimulation in an attempt to terminate atrial flutter. Since the re- 
sults reported by Rosen's group are in conflict with earlier reports 
and our experience, this report presents a series of 32 patients who 
underwent rapid atrial stimulation as a method of cardioversion. 
Atrial stimulation was initially attempted in these patients in prefer- 
ence to precordial shock since most of the subjects were thought to 
be in a high risk group for complications from external countershock. 
Many had recently undergone open heart surgery, and most were re- 
ceiving digitalis. 
Method 


Patients: Fifteen of the 32 patients were in the postoperative state after 
aortocoronary bypass graft surgery (Table I). Fourteen had atrial flutter, 
and one had atrial tachycardia. The arrhythmia developed from several 
hours to 1 week postoperatively. All but one of these patients had received 
digitalis before atrial stimulation. None had a history of supraventricular 
tachycardia before operation. 
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TABLE | 


Pertinent Clinical Data After Coronary Arterial Surgery 





Rate of Pacemaker 





Case Age (yr) Stimulation 
no. & Sex Cardiac Arrhythmia Medications (per min) Results 
1 47M Atrial flutter Digoxin, 220 A Fib — NSR 
quinidine 
2 55M Atrial flutter Digoxin, 500 A Fib 
(recurrent) propranolol 
3 60F Atrial flutter Digoxin 150 NSR 
(recurrent) 
4 56M Atrial tachycardia Digoxin 150 NSR 
5 60M Atrial flutter None 600 Unchanged 
6 50M Atrial flutter Digoxin 540 A Fib — NSR 
7 54M Atrial flutter Digoxin, 400 A Fib — Junctional 
quinidine, (atrial pacing — NSR) 
propranolol 
8 59M Atrial flutter Digoxin 800 NSR 
9 58M Atrial flutter Digoxin Mech. stim. NSR 
10 56M Atrial flutter Digoxin 800 Unchanged 
11 47M Atrial flutter Digoxin 500 A Fib 
12 60M Atrial flutter Digoxin 800 A Fib 
13 59M Atrial flutter Digoxin, 700 NSR 
quinidine 
14 59M Atrial flutter Digoxin, 400 NSR 
propranolol 
15 49F Atrial flutter Digoxin 400 NSR 





A Fib = atrial fibrillation; mech. stim = mechanical stimulation; NSR = normal sinus rhythm; — = spontaneously converted to. 


Of the remaining 17 patients, 4 were in the immediate 
postoperative period after valvulotomy or prosthetic valve 
replacement, and 1 had atrial flutter which developed 2 
years after mitral commissurotomy; 12 patients had arterio- 
sclerotic heart disease or myocardiopathy (Table II). All 
but 2 of these 17 patients were receiving drug therapy at the 
time of atrial stimulation. Two patients (Cases 6 and 21) 
were considered to have digitalis toxicity. 

Diagnosis of atrial flutter or tachycardia: Diagnosis 
of the tachycardia could usually be made by the accepted 
electrocardiographic criteria. However, accurate classifi- 
cation of the tachyarrhythmia in some patients was possi- 
ble only when an intraatrial electrocardiogram was ob- 
tained. An intraatrial electrocardiogram was recorded for 
confirmation of the rhythm in all patients before atrial 
stimulation. The majority of the patients with atrial flut- 
ter had 2:1 atrioventricular (A-V) block, but one (Patient 
27) had atrial flutter with 1:1 conduction. The four pa- 
tients who had atrial tachycardia had 1:1 A-V 
conduction. 

Rapid atrial stimulation: In most of the postoperative 
patients cardioversion was attempted with transthoracic 
atrial pacing wires that had been implanted during thora- 
cotomy. Although several of these attempts proved suc- 
cessful, it became apparent that the success rate was less 
with transthoracic pacing wires than with an intraatrial 
pacing catheter. In 85 percent of the postoperative pa- 
tients in whom use of the transthoracic wire had failed, 
successful termination of the tachyarrhythmia followed 
atrial stimulation with a pacing catheter inserted in the 
right atrium. It appears that proper placement of the atri- 
al transthoracic wire at operation is a major factor in suc- 
cess if this wire is to be used for atrial stimulation. 

In a majority of the patients a Cordis 4F bipolar or 5F 
USCI bipolar pacemaker wire was inserted percutaneously 


by way of the subclavian vein or by a basilic vein cutdown 
procedure. Passage of the wire into the right atrium was 
usually performed under fluoroscopic control although in 
several instances the catheter was passed “blindly” with 
electrocardiographic monitoring from the distal electrode. 
When fluoroscopy was used, proper apposition of the tip 
of the electrode to. the upper to mid-portion of the right 
atrial wall was easily assured. In the cases performed with 
electrocardiographic monitoring, proper position was as- 
sumed by recording the large P waves characteristic of the 
intracavitary right atrial electrocardiogram. 

Prestimulation intraatrial leads (Fig. 1A) were recorded 
from all patients. A standard lead was employed for con- 
tinuous electrocardiographic monitoring during atrial 
stimulation. Stimulation of the atrium was accomplished 
by using a battery-powered external pacemaker designed 
to pace up to 800 beats/min with a maximum of 25 mil- 
liamperes (Medtronic unit model 5800). The stimulation 
rate was progressively increased from 150 beats/min and 
the milliamperes (ma) increased from 5 ma until capture 
of the atrium was accomplished, termination of the tachy- 
cardia occurred, or maximal rate and milliamperage were 
reached without change in the cardiac rhythm. Ten min- 
utes of stimulation at the maximal rate and milliam- 
perage setting was usually performed before failure was 
accepted. Although a few patients had a sensation of the 
electrical impulse with high milliamperage and rate set- 
tings, the discomfort was not severe enough to cause us to 
abandon the procedure. After termination of the atrial 
stimulation, another intraatrial electrocardiogram was re- 
corded to document the rhythm (Fig. 1, B and C). 


Results 


In 17 of the 32 patients in the series conversion to 
normal sinus rhythm was direct (Fig. 2 to 4, Table 
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TABLE II 


Pertinent Clinical Data 





Rate of 
Pacemaker 
Case Age (yr) Stimulation 
no. & Sex Origin of Arrhythmia Cardiac Arrhythmia Medications (per min) Results 
16 59M Cardiomyopathy Atrial flutter Digoxin, 300 NSR 
quinidine 

17 45M Fost-aortic valve Atrial flutter None 300 A Fib 
replacement 

18 57M Fost-mitral valve Atrial flutter Digoxin 300 A Fib — NSR 
replacement 

19 65M Fost-mitral valve Atrial flutter Digoxin 300 A Fib — NSR 
replacement 

20 51M Fost-aortic valve Atrial flutter Digoxin 150 NSR 
replacement 

21 59M ASHD Atrial tachycardia Digoxin 300 NSR 

(recurrent) 
22 59F ASHD Atrial flutter Digoxin 300 NSR 
(recurrent) 

23 57M Idiopathic, Atrial flutter Digoxin 150 A Fib — NSR 
? ASHD 

24 74M ASHD Atrial flutter Digoxin 300 A Fib 

25 59M ASHD Atrial flutter None 540 NSR 

26 69F ASHD Atrial tachycardia None 160 NSR 

27 77M ASHD Atrial tachycardia Digoxin 300 NSR 

28 58M ASHD Atrial tachycardia Digoxin 300 NSR 

29 42F Mitral Atrial flutter Digoxin 300 A Fib 
commissurotomy 
(2 yr postop) 

30 75M ASHD Atrial flutter Digoxin, 350 NSR 

quinidine 

31 55F Postop bivalve Atrial tachycardia Digoxin 800 Unchanged 
replacement 

32 60F ASHD, chronic Atrial flutter Digoxin, 800 NSR 
lung disease quinidine 





ASHD = arteriosclerotic heart disease; postop = postoperative. Other abbreviations asin Table |. 


III). The effective stimulation rate ranged between 
150 to 800/ min. 

Post-coronary arterial surgery: The following 
results were obtained in the 15 patients studied in 
the early postoperative period after bypass graft sur- 
gery. In seven the arrhythmia was converted directly 
to normal sinus rhythm and in six atrial flutter was 
converted to atrial fibrillation. Spontaneous rever- 
sion to normal sinus rhythm then occurred in three 
of these six, whereas atrial fibrillation persisted in 
the other three subjects. Rapid atrial stimulation 
was unsuccessful in altering the atrial flutter in two 
patients. 

Post-valvular surgery: In the five patients who 
had atrial tachyarrhythmias after valve replacement 
the following results were obtained with atrial stimu- 
lation. In two patients atrial flutter was directly con- 
verted to normal sinus rhythm, and in two patients 
atrial flutter was converted to atrial fibrillation with 
subsequent spontaneous reversion to normal sinus 
rhythm. In one patient with atrial tachycardia the 
arrhythmia was refractory to several attempts at 


atrial stimulation; although cardioversion to sinus 
rhythm was accomplished with precordial counter- 
shock, atrial tachycardia returned within 24 hours in 
spite of treatment with digitalis and quinidine. In 
another patient who had atrial flutter 2 years after 
mitral commissurotomy (Patient 29) rapid atrial 
stimulation converted the flutter to atrial fibrilla- 
tion. Later, external precordial shock was twice used 
to establish sinus rhythm, but on both occasions was 
followed by a return to atrial fibrillation. 
Arteriosclerotic heart disease: In the 10 patients 
with suspected or confirmed arteriosclerotic heart 
disease the following results were obtained with 
rapid atrial stimulation. In eight patients, atrial 
tachycardia or atrial flutter was terminated with im- 
mediate conversion to normal sinus rhythm; in one 
patient atrial flutter was converted to atrial fibrilla- 
tion with subsequent spontaneous reversion to nor- 
mal sinus rhythm; in one patient atrial flutter was 
converted to persistent atrial fibrillation. In Patient 
9 atrial flutter was converted to normal sinus rhythm 
by mechanical stimulation of the right atrial wall by 
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the catheter tip before electrical stimulation was ap- 
plied. The rates at which cardioversion was accom- 
plished, the drugs the patient received and the pre- 
stimulation rhythms are shown in Tables I and II. 

In two patients with atrial flutter and in one pa- 
tient with atrial tachycardia the arrhythmias were 
refractory to change to sinus rhythm or atrial fibril- 
lation. In six patients, atrial flutter was transformed 
to atrial fibrillation with later (30 minutes to 24 
hours) spontaneous reversion to normal sinus 
rhythm. Five patients continued to manifest atrial 
fibrillation with ventricular rates controlled by digi- 
talis. External countershock cardioversion was not 
attempted during their hospitalization. In one pa- 
tient (Case 29) atrial flutter was converted to atrial 
fibrillation which shortly thereafter was converted by 
direct-current shock to sinus rhythm. In one patient 
(Case 7) the arrhythmia was converted to atrial fi- 
brillation which in several minutes reverted to sinus 
rhythm (Fig. 4). This event was followed by sinus ar- 
rest and a slow junctional escape rhythm. The pa- 


tient underwent atrial pacing for 48 hours until si- 


noatrial nodal function returned and stable normal 
sinus rhythm was established. Cardioversion by this 
method was not followed by ventricular or junctional 
tachyarrhythmias in any patient. 


Discussion 


'The use of rapid atrial stimulation to terminate 
supraventricular arrhythmias has been well docu- 
mented.9-17 The poor result recently reported by 
Rosen et al.1? is contrary to findings in previous re- 
ports. In attempting to analyze the possible causes of 
the difference in their results from our satisfying ex- 
perience, one might mention the slightly different 
patient population. The group of Rosen et al. includ- 
ed only two patients who had undergone cardiac sur- 
gery, whereas 21 of the 32 patients in our series were 
treated in the postoperative period after surgery for 
coronary artery or valvular heart disease. Their 
group included three patients with "primary myo- 
cardial disease," only one patient in our group had 
this lesion. However, cardioversion was successful in 
our single patient with a cardiomyopathy. The re- 
mainder of their group, representing patients with 
hypertensive cardiovascular disease or arteriosclerot- 
ic heart disease, was comparable to our patient pop- 
ulation. Actually, our patients with arteriosclerotic 
heart disease fared much better than those having 
other cardiac diagnoses. It therefore is difficult to ex- 
plain the marked difference in effectiveness of this 
procedure on the basis of patient selection. 

'The description of Rosen et al. of their technique 
of catheter placement and stimulation of various 
-locations within the right atrium is similar to the 
technique used in our laboratory. However, there is a 
definite difference between the maximal rate of stim- 
ulation employed in their study and in our series. 
Only one patient in the study of Rosen et al. under- 
went atrial stimulation at a rate greater than 400 
beats/min. In our experience, 8 patients needed be- 
tween 500 to 800 stimuli/min to terminate atrial 
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FIGURE 1. Illustrative electrocardiograms. A, upper tracing, su- 
praventricular tachycardia suggesting atrial flutter with 2:1 
block, Lower tracing, intraatrial electrocardiogram in the same 
patient defining P waves very clearly, confirming rhythm to be 
atrial flutter with an atrial rate of 320/min and a ventricular rate 
of 160/min. B, upper tracing, rhythm strip from lead || electro- 
cardiogram obtained from a patient after conversion from atrial 
flutter with use of rapid atrial stimulation. Lower tracing, Intra- 
atrial electrocardiogram confirming the return of normal sinus 
rhythm. C, intraatrial electrocardiogram taken after rapid atrial 
stimulation showing characteristic appearance of atrial fibrilla- 
tion. The patient had had atrial flutter before atrial stimulation. 


TABLE Ill 
Summary of Results of Atrial Stimulation (32 Patients) 





Patients 
Result of Stimulation no. 96 Total 
Direct conversion to normal 17 53.0 
sinus rhythm 
Conversion from atrial flutter 12 37.5 
to atrial fibrillation 
Subsequent spontaneous 6 of 12 18.8 
reversion from atrial 
fibrillation to normal sinus 
rhythm 
Persistent atrial fibrillation 5 of 12 15.6 
(with controlled ventricular 
rate) 
Subsequent conversion by 2 of 12 6.3 


direct-current shock 
before discharge 
Rhythm unaffected 3 
Atrial stimulation successful 29 
in terminating atrial flutter 
or tachycardia 


S © 
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flutter. It would seem reasonable not to accept fail- 
ure unless the maximal rate of pacing has been ac- 
complished. Another possible reason for their unusu- 
al rate of failure may be their unwillingness to ex- 
ceed a maximum of 15 ma. Our external atrial stim- 
ulator has a maximal output of 25 ma. This maximal 
level was required in a significant number of our pa- 
tients. 

Conversion of atrial flutter to fibrillation and 
its management: In the experience of Rosen et al. 
conversion of flutter to fibrillation ‘vas considered a 
failure. In many of our cases atrial fibrillation was 
eventually followed by spontaneous reversion to 
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FIGURE 2. Case 32. A, upper tracing, lead || electrocardiogram 
showing saw-tooth-like base line with regular ventricular re- 
sponse characteristic of atrial flutter with 2:1 block. Lower trac- 
ing, intraatrial electrocardiogram taken with bipolar transvenous 
pacemaker wire showing very prominent waves confirming di- 
agnosis of atrial flutter with 2:1 block. B, upper tracing, lead || 
electrocardiogram taken during rapid atrial stimulation at rate of 
800/min, 24 ma. Note transient termination of atrial flutter in 
mid-portion of strip with an atrial capture beat followed by a 
sinus conducted beat. Subsequent return to atrial flutter is 
shown in the latter portion of strip. Lower tracing, first portion of 
the tracing shows continued rapid atrial stimulation at rate of 
800/min and 24 ma with termination of flutter and return of nor- 
mal sinus rhythm on cessation of pacing. Note the high voltage 
peaked P waves suggesting right atrial hypertrophy in this pa- 
tient with a diagnosis of chronic pulmonary disease. C, intraatri- 
al electrocardiogram taken after lower strip of B, confirming a 
change of rhythm to normal! sinus rhythm when compared to 
previous intraatrial electrocardiogram (A). 


























sinus rhythm. Atrial stimulation changed atrial flut- 
ter to atrial fibrillation in six cases in the series of 
Rosen et al. In these patients conversion was accom- 
plished by use of direct-current shock if spontaneous 
reversion to sinus rhythm had not occurred within 1 
hour. In our series four of the patients continued to 
have atrial fibrillation for several hours before spon- 
taneous conversion to sinus rhythm occurred. It 
thus appears incorrect to assume that sinus rhythm 
will not return if it does not appear within 1 hr. In 
the study of Rosen et al. patients were returned to 
medical wards after cardioversion; in such instances, 
it would seem justifiable to proceed with precordial 
shock. However, if patients are adequately moni- 
tored, it would appear best not to consider precordial 
shock for at least 24 hours after conversion from atri- 
al flutter to fibrillation. Even if sinus rhythm does 
not occur, we believe that atrial fibrillation is prefer- 
able to atrial tachycardia, atrial flutter or reciprocat- 
ing tachycardia since the ventricular rate is usually 
controlled easily with digitalis or a combination of 
digitalis and propranolol. In our series of patients, it 
did not seem wise to attempt further change in 
rhythm by precordial shock until some later date 
when maintenance of sinus rhythm could be better 
assured.? 

Recurrence rate after conversion: Atrial tachy- 
arrhythmias, especially atrial flutter, are notorious 
for their tendency to recur after conversion. Three of 
our patients had recurrent atrial flutter which was 
easily terminated by repeat atrial stimulation. This 
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FIGURE 3. Case 28. A, upper tracing, lead || Wu A RUPEM 
showing supravéntricular tachycardia at rate of 160/min with no 
consistent definable P waves. Lower tracing, intraatrial electro- 
cardiogram showing P waves with a 1:1 conduction ratio (carot- 
id massage resulted in a transient increase in atrioventricular 
block, thus confirming the atrial tachycardia and ruling out the 
possibility of sinus rhythm with a prolonged P-R interval). B, 
upper tracing, lead I| electrocardiogram after attempted conver- 
sion at rate of 150/min showing continuation of atrial tachycar- 
dia. Lower tracing, lead || electrocardiogram taken during rapid 
atrial stimulation at rate of 300/min showing atrial capture with 
2:1 atrioventricular conduction and return of normal sinus 
rhythm on termination of atrial pacing. 
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finding illustrates the efficacy of leaving the pace- 
maker wire in place within the atrium or having a 
properly placed epicardial atrial wire. Our follow-up 
studies of this patient group were not designed to 
determine accurately the rate of recurrence of ar- 
rhythmia, but we had the impression that our inci- 
dence of recurrence was much less than would have 
been anticipated. Administration of antiarrhythmic 
drugs before and after conversion may have helped 
suppress recurrence of the arrhythmia once conver- 
sion was accomplished. The tendency for recurrence 
depends upon the many factors influencing the in- 
tegrity of the cardiac conductive and pacing systems. 
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FIGURE 4. Case 7. A, upper tracing, lead || electrocardiogram 
showing regular rhythm (rate of 140/min) which would be al- 
most impossible to define as atrial flutter. With position of the P 
waves (arrow) and the relatively slow ventricular rate it is diffi- 
cult to differentiate the rhythm from sinus tachycardia. Lower 
tracing, intraatrial electrocardiogram showing the P wave not 
only on the T wave but also embedded in the initial portion of 
the QRS complex. This is diagnostic of atrial flutter with rate of 
280/min and 2:1 atrioventricular block. B, upper tracing, taken 
during rapid atrial stimulation of 400/min. Middle tracing, con- 
tinuation of strip with resulting rhythm suggesting atrial fibrilla- 
tion at termination of atrial stimulation. Lower tracing, intraatrial 
lead taken immediately after previous strip, showing rapid atrial 
depolarization at a rate of 400 /min representing a definite 
change from the lower tracing of A. C, upper tracing, taken sev- 
eral minutes after B following spontaneous termination of atrial 
fibrillation with complete silencing of sinoatrial nodal function, 
and resultant slow junctional or Purkinje rhythm. Lower tracing, 
atrial pacing accomplished with intraatrial pacing wire previous- 
ly used for atrial stimulation and left in place in upper right atri- 
um. Note the pacemaker spike (arrow) followed by atrial depo- 
larization and QRS complex. 


Although the low incidence of recurrence in our se- 
ries is encouraging, we have no evidence that it is re- 
lated to our method of cardioversion. 

Mechanisms of atrial stimulation: There are 
probably several mechanisms by which atrial stimu- 
lation can effectively terminate many kinds of supra- 
ventricular tachyarrhythmias.9.11.1417 The precise 
electrophysiologic mechanism of atrial flutter has not 
been fully defined, but the circus movement theory 
is supported by most clinical and experimental 
data.19 Other supraventricular arrhythmias may also 
represent reentry rhythms produced by circus move- 
ments in the atrioventricular conduction system.9.20 
Unless slowed or controlled, atrial flutter or atrial 
tachycardia can often precipitate or complicate se- 
vere hemodynamic alterations in the presence of 
myocardial or valvular heart disease. 

Atrial stimulation vs. external countershock: 
Cardioversion using transthoracic direct-current 
countershock has been very successful, but can be 
hazardous to patients receiving digitalis.?-* In such 
patients there is reason for concern that use of exter- 
nal countershock may uncover latent digitalis toxici- 
ty and precipitate disruptive ventricular arrhyth- 
mias. The negligible incidence of post-conversion 
ventricular arrhythmias in our patients should be 
emphasized. We had no incidence of significant post- 
conversion ventricular or junctional arrhythmias. We 
had only one case of significant post-conversion bra- 
dyarrhythmia, and this seemed definitely related to 
the administration of antiarrhythmic drugs. It thus 
seems safer to attempt conversion with rapid atrial 
stimulation as the initial procedure, utilizing precor- 
dial shock only if absolutely necessary. Direct appli- 
cation of electricity to the ventricular muscle is 
avoided, and the use of relatively small amounts of 
electrical energy minimizes the chances of precipi- 
tating serious dysrrhythmias. 

General anesthesia, usually administered for car- 
dioversion induced by precordial shock, may be an 
additional hazard. Therefore, another advantage of 
our method is that it avoids the requirement for gen- 
eral anesthesia. It is also a simple matter, once car- 
dioversion has been accomplished, to leave the atrial 
pacing wire in position for repeated cardioversions in 
cases of recurrent supraventricular tachycardias. The 
catheter can also be utilized for atrial pacing if de- 
sired for *overdriving" a tachyarrhythmia or pacing 
the heart if a bradyarrhythmia develops. 

Intraatrial vs. atrial epicardial stimulation: 
This method provides a rapid and relatively safe 
method of terminating supraventricular tachyar- 
rhythmias occurring after cardiac surgery. If an atri- 
al epicardial wire has been properly attached by the 
surgeons, an excellent method is afforded for both 
diagnosing the arrhythmia and attempting cardio- 
version. Unfortunately, in our study we were not as- 
sured of proper attachment of the epicardial wire in- 
serted at operation. This was indicated by several 
cases in which success with intraatrial catheter pac- 
ing followed failure of stimulation with transthoracic 
wires. 
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Bilateral renal venous renin activity determinations were performed 
preoperatively in 29 patients with unilateral renal artery disease. 
After the operations, 19 patients had relief of hypertension and 10 
did not. Analysis of the renal venous renin activity data indicated that 
a value for renin activity (stenotic side) greater or less than 4 ng /ml 
per 4 hours or renin activity ratio stenotic(S) /nonstenotic(N) greater 
or less than 1.5 yielded a correct prediction of surgical results in 79 
percent and 72 percent of the cases, respectively. The renin activity 
(stenotic side) greater than 4 ng/ml per 4 hour and renin activity 
ratio S/N greater than 1.5 combined, as an index of surgical suc- 
cess, yielded a correct prediction in 69 percent of the cases. How- 
ever, when the renin activity (stenotic side) and renin activity ratio 
S/N were both increased (indicative of success in 12 of 14 patients) 
or were both normal (indicative of failure in all 5 patients with this 
finding) the prognostic index was high (89 percent). When there was 
a disparity in the two values (as in 10 patients), the prognostic ac- 
curacy was uncertain and results unpredictable. The criteria of other 
investigators for a positive renal venous renin study were reviewed. 
Reanalysis of these data indicated that the criteria of success as de- 
noted by renin activity ratio S/N greater than 1.5 and elevated renal 
venous renin activity (stenotic side) compare favorably with those 
obtained with a ratio of 2.0 or more and elevated renal venous renin 
activity (stenotic side) in the series reviewed. 


In classic experiments with dogs in 1934, Goldblatt et al.! conclu- 
sively demonstrated a renovascular origin of hypertension. Numerous 
reports?7 have subsequently indicated that hypertension in man 
may sometimes be caused by occlusive disease of the renal arteries, 
and that surgical correction of the lesion leads to relief of hyperten- 
sion for many patients. 

The utilization of sophisticated techniques, including improved 
arteriographic visualization of the renal arteries, has revealed a siz- 
able group of patients with renal artery disease. Although a substan- 
tial number of these hypertensive patients with renovascular lesions 
respond favorably to corrective surgery, a significant proportion of 
patients with clearly demonstrable severe occlusion of the renal ar- 
tery obtain no relief of hypertension after technically adequate oper- 
ations to revascularize the kidneys. For reasons not yet clearly un- 
derstood, these patients are considered to have functionally insignifi- 
cant renovascular lesions. Since the deleterious effects of hyperten- 
sion are well recognized, every effort should be made to select those 
patients with functionally significant renovascular lesions who 
should undergo operative treatment and, conversely, to identify 
those patients with functionally insignificant renovascular lesions 
who should avoid the needless risk associated with futile surgery. 
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TABLE | 


Unilateral Renal Artery Disease: 
Clinical Features and Operative Results 





Operative Results 





Patients 
Clinical Features (no.) S U 

Total no. of patients 29 19 10 
Age of patients (yr) 

Average 29 32 49 

Range (9-63) (34-65) 
Type of lesion 

Atherosclerotic 16 8 8 

Fibrous 13 11* 2 
Type of operation 

Revascularization 20 14 6 

Nephrectomy 9 5 4 
Ophthalmoscopic changes 

Group l or Il 26 17 9 

Group III 3 2 T 
Abdominal bruit 

Present 13 11 2 

Absent 15 7 8 

Not recorded 1 1 0 
Duration of hypertension 

«3 yr 18 17 1 

>3 yr 1 2 9 





* One patient had thrombosis of a tertiary branch of the renal 


artery. 
S — satisfactory; U — unsatisfactory. 


In an attempt to assess the physiologic significance 
of a renovascular lesion and thereby aid in the better 
selection of patients for renovascular surgery, a 
multitude of tests and procedures have been recom- 
mended. Unfortunately, none of these tests have 
proved totally adequate in identifying these pa- 
tients.8 

Since the initial report of Judson and Helmer? de- 
scribing the prognostic value of determinations of 
renin activity in blood from each renal vein, several 
reports!°-14 have confirmed the usefulness of this 
procedure in evaluating and selecting patients for 
renovascular surgery. This paper reviews our experi- 
ence with 29 patients with unilateral renovascular 
occlusive lesions whose preoperative evaluation in- 
cluded differential determinations of renal venous 
renin activity. 


Material and Methods 


Twenty-nine patients with hypertension and unilateral 
renovascular disease were surgically treated and followed 
up postoperatively for periods of from 6 to 44 months. Of 
the 29 patients, 12 were male (age range 12 to 59 years, 
average age 43.7 years), and 17 were female, (age range 9 
1/2 to 65 years, average age 40.7 years). 

In the initial evaluation of these patients, other forms of 
secondary hypertension and chronic renal parenchymal 
disease were excluded by eppropriate clinical and labora- 
tory investigation. All of these patients had other special 
studies performed for evaluation of their renovascular le- 
sions. 


Renal angiograms were obtainec preoperatively in all 
patients by the Seldinger technique.!? The patients were 
considered to have unilateral renovascular disease when 
renal angiograms depicted a lesion producing more than 
50 percent occlusion of the main artery or one or more of 
its branches on one side, or both. Four patients manifest- 
ed bilateral lesions on renal angiograms, but the degree of 
occlusion on one side was less than 20 percent and consid- 
ered insignificant. Intravenous urograms were obtained 
preoperatively in all patients. The urogram was interpret- 
ed as positive when one or more of the following criteria 
were present: (1) a significant difference in renal lengths; 
that is, the right kidney was larger than the left kidney by 
0.5 cm or more, or the left kidney was larger than the 
right by 1.5 cm or more; (2) delayed appearance or hyper- 
concentration of contrast medium on the involved side; or 
(3) alteration of rena! contour or calyceal distortion on the 
involved side suggesting segmental infarction. The urog- 
rams of two patients could not be obtained for review and 
were excluded from evaluation. In 17 patients, rapid se- 
quence urograms were obtained (1-2-3 minute timed se- 
quence films). 

The radioisotope 1*1I renogram was performed in 23 pa- 
tients. It was interpreted as positive when there was a 
definite abnormality of the concentration or excretory 
phases, or both, on the stenotic side only. Bilateral abnor- 
malities were considered an equivocal result, and the test 
was then interpreted as not indicative of unilateral renal 
artery disease. 

Divided renal funciion tests were performed in eight pa- 
tients. The test was evaluated on the basis of the average 
of three consecutive analyses of 10 minute samples of 
urine from each ureter. A positive test consisted of a de- 
crease in urinary volume greater than 50 percent, a de- 
crease in urinary sodium ion concentration greater than 15 
percent and an increase in creatinine concentration 
greater than 50 percent when values from the affected 
kidney were compared to values from the unaffected kid- 
ney. 

Determinations of peripheral and renal venous renin ac- 
tivity were performed by the bioassay method of Pickens 
et al.16 Blood for the peripheral venous renin activity de- 
terminations was obtained preoperatively during the peri- 
od of hospitalization, usually with the patient fasting and 
in a recumbent position. Blood for the renal venous renin 
activity determinations was obtained preoperatively by 
selective catheterization of each renal vein under fluo- 
roscopic control. 

Most of the renal venous renin studies were performed 
while the patients were consuming an unrestricted diet. In 
13 patients, antipressor therapy was withdrawn for more 
than 1 week before the study. Elever patients were receiv- 
ing some type of antipressor therapy during or just before 
the study. Of the remaining five patients, four were given 
a 500 mg sodium diet or a diuretic agent (usually etha- 
erynic acid, 50 mg twice daily for 2 or 3 days), or both, be- 
fore blood was obtained for renal venous renin studies. 
One patient was tilted into the upright position during 
the study. These procedures were utilized because it has 
been reported that the difference between the two sides 
can be augmented by prior “stressing” of the renin-angio- 
tensin system in the manner described.17-!9 

The decision to operate was made solely on the basis of 
clinical considerations involving data other than results of 
the renal venous renin determinations. In some cases, sur- 
gery was undertaken both for relief of hypertension and in 
an attempt to prevent deterioration of renal function from 
progressive occlusion of renal arteries. Renal revascular- 
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ization was performed in 20 patients and nephrectomy 
in 9. 

Postoperative blood pressure determinations were ob- 
tained at periodic intervals, either during return visits to 
the clinic or from reports of blood pressure readings from 
the patients’ physicians, or both. 

The results of surgery in the 29 patients in this study 
were classified according to the following criteria: (1) ex- 
cellent (13 patients)—normal blood pressure (less than 
150/100 mm Hg) without medication; (2) good (6 pa- 
tients)—residual systolic hypertension but diastolic blood 
pressure less than 100 mm Hg with no therapy or with use 
of only a diuretic agent; (3) fair (4 patients)—diastolic 
blood pressure greater than 100 mm Hg but at least 15 
mm Hg lower than preoperative levels; (4) poor (6 pa- 
tients)—little or no reduction of blood pressure postopera- 
tively. Patients in groups 3 and 4 were usually being 
treated with moderate or large doses of antipressor drugs. 
Those patients deriving an excellent or good response 
after operation were classified as having satisfactory re- 
sults; those with fair or poor response were classified as 
having unsatisfactory results. 

Of 10 patients with fair or poor results, renal angiogra- 
phy was repeated postoperatively in 4; all 4 had patent 
vascular anastomoses and no evidence of occlusive disease 
in the contralateral renal artery. Postoperative angiograms 
were also made for three patients who had benefited from 
surgery but whose blood pressure was not entirely normal. 
In two of these patients renal angiograms were normal, 
and in one patient there was residual nonocclusive nar- 
rowing of less than 25 percent in the artery operated on. 


Results 


Of the 29 patients operated on for unilateral occlu- 
sive renovascular disease, 13 had an excellent re- 
sponse and 6 a good response. These 19 patients were 
grouped together and classified as having a satisfac- 
tory result; their renovascular lesions were consid- 
ered functionally significant. Four patients had a fair 
response and six patients a poor response. These 10 
patients were classified as having had an unsatisfac- 
tory result. 


Clinical Features 


Of the 19 patients with a satisfactory result, 8 
were male and 11 were female; their ages ranged 
from 9 1/2 to 63 years (average age 32 years) (Table 
I). Eight of these patients had atherosclerotic dis- 
ease, and 10 had fibrous disease of the renal arteries. 
One patient had thrombosis of a branch of the renal 
artery without identifiable vascular disease. Revas- 
cularization of the kidney was performed in 14 pa- 
tients and nephrectomy in 5. 

Seventeen of the 19 patients had group I or II oph- 
thalmoscopic changes (Keith-Wagener-Barker classi- 
fication). Two patients had group III changes. An 
abdominal bruit was audible in 11 of the 18 patients 
for whom this observation was recorded. The dura- 
tion of hypertension was 3 years or less in 17 of the 
19 patients. 

Of 10 patients who did not benefit from surgery, 4 
were male and 6 were female; their ages ranged from 
34 to 65 years (average age 49 years). Eight patients 
had atherosclerotic lesions, and two had fibrous dis- 


RESULTS OF OPERATION 


Peripheral vein renin activity (Pickens et al) ng/ml/4 hrs 





FIGURE 1. Comparison of peripheral venous renin activity and 
results of operation in 24 patients with unilateral renal artery 
disease. 


ease of the renal arteries. Revascularization was per- 
formed in six patients and nephrectomy in four. 
Group I or II ophthalmoscopic changes were noted in 
9 of 10 patients; 1 patient had group III changes. An 
abdominal bruit was audible in only 2 of these 10 
patients. The duration of hypertension was more 
than 3 years in 9 of the 10 patients. 

Duration of hypertension: The clinical data indi- 
cate that on the basis of duration of hypertension 
(that is less than 3 years portending a satisfactory 
result, and more than 3 years portending an unsatis- 
factory result), correct prediction of surgical results 
could be made in 26 of the 29 patients (89 percent 
accuracy). 

Abdominal bruit: The presence (indicating a suc- 
cessful result) or absence (indicating an unsuccessful 
result) of an abdominal bruit yielded a correct pre- 
diction in only 19 of the 28 patients in whom this ob- 
servation was recorded (64 percent accuracy). How- 
ever, the presence of an abdominal bruit is a highly 
important finding since it was indicative of satisfac- 
tory surgical results in 11 of the 13 patients with this 
finding. 

Operations for fibrous lesions were more often as- 
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TABLE II 


Unilateral Renal Artery Disease: Peripheral and Renal Venous Renin Criteria 











Patients (nc.) 
Correct 
Criteria Prediction Total S U Prediction 
1. RVRA (stenotic side) 
>4 ng/ml per 4 hours S 23 18 5 18/23 
«4 ng/ml per 4 hours U 6 1 n 5/6. 
23/29 (7995) 
2. RVRA ratio S/N 
215 S 15 13 2 13/15 
«1.5 U 14 6 8 8/14 
21/29 (72%) 
3. RVRA (stenotic side) and 
RVRA ratio S/N 
a. Similar 
Both increased S 14 12 2 12/14 
Both normal U 5 i24 5 5/5 
17/19 (89%) 
b. Disparate 
RVRA (stenotic side) increased; SorU 9 6 3 
RVRA ratio S/N normal 
RVRA (stenotic side) normal; SorU 1 1 0 
RVRA ratio S/N increased 
4. PVRA 
>4 ng/ml per 4 hours S 8 6 2 6/8 
«4 ng/ml per 4 hours U 16 11 5 5/16 
11/24 (46%) 





PVRA — peripheral venous renin activity; ratio S/N — ratio stenotic/nonstenotic side; RVRA — renal venous renin activity; S — satis- 


factory; U — unsatisfactory. 


sociated with a satisfactory surgical result than oper- 
ations for atherosclerotic lesions. 


Peripheral and Renal Venous Renin Activity Results 


Peripheral venous renin activity: Figure 1 shows 
the distribution of peripheral venous renin activity in 
the 24 patients in whom it was determined. The 
upper limit of normal by this method! is 4 
ng/ml per 4 hours. Only 6 of the 17 patients success- 
fully treated by surgery had an elevated level of pe- 
ripheral venous renin activity; whereas, in the group 
that did not benefit from surgery, the level was with- 
in normal range in five of the seven patients. When a 
level greater than 4 ng/ml per 4 hours was used to 
indicate renovascular hypertension, this test was cor- 
rect in predicting results of surgery in only 11 of 24 
patients (45.8 percent accuracy) (Table II). 

Renal venous renin activity: The data obtained 
from this determination were analyzed from three 
aspects: 

1. Absolute value of the renal venous renin activity 
from the stenotic side. Some reports!?-14 have indi- 
cated that high levels of renin activity from the in- 
volved kidney are prognostically important. Figure 2 
depicts the distribution of the values from the steno- 
tic side in 29 patients. The renal venous renin activi- 
ty from the stenotic side was greater than 4 ng/ml 


TABLE III 


Unilateral Renal Artery Disease 
Disparate Values and Operative Results 





Increased Absolute 





ere Level of RVRA Increased RVRA 
iiit (stenotic side) Ratio S/N 
Study Values (no) $ U : : 
mM i unici ONE T PUR E DERIT 
Fitz12* 4 0 2 0 2 
Gunnells 
etal. 6 2 3 4 i 
Amsterdam 
et al.i4 2 2 0 o y 
Present 
study§ 10 6 3 1 A 
Total 22 10 8 i a 





* RVRA (stenotic side) >4 ng/ml per 4 hours or RVRA ratio S/N 
x2. 

1 RVRA (stenotic side) >400 ng/100 ml or RVRA ratio S/N 
>2.0. 

i RVRA (stenotic side) >2000 ng/100 ml or RVRA ratio S/N 
22.5. 

§ RVRA (stenotic side) >4 ng/ml per 4 hours or RVRA ratio 
S/N »1.5. 

RVRA = renal venous renin activity; S = satisfactory; U = 
unsatisfactory. 
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RESULTS OF OPERATION 





Satisfactory Unsatisfactory 


Renal vein renin activity (stenotic side) ng/m/4 hrs 





O Not on antipressor agents 
€ On antipressor agents during study 


^ Stressed (Low sodium and/or diuretics) 
FIGURE 2. Comparison of renal venous renin activity and re- 
sults of operation in patients with unilateral renal artery disease. 


per 4 hours in 23 patients. Eighteen of these patients 
benefited from surgery, and five did not. In six pa- 
tients, the renin activity from the stenotic side was 
less than 4 ng/ml per 4 hours, and five of these pa- 
tients derived no benefit from surgery. On the basis 
of the value from the stenotic side, that is, greater or 
less than 4 ng/ml per 4 hours, this test yielded a cor- 
rect prediction of surgical results in 23 of 29 patients 
(79 percent accuracy) (Fig. 2, Table II). 

2. Renal venous renin activity ratio stenotic(S)/ 
nonstenotic(N). Renal venous renin activity was also 
analyzed as an expression of the ratio of the value 
from the stenotic side to that from the contralateral 
nonstenotic side (renal venous renin activity ratio S/ 
N). By separating the patients arbitrarily into two 
groups on the basis of a ratio greater than or less than 
1.5, comparison was made with the results of surgery 
(Fig. 3, Table II). The ratio was greater than 1.5 in 15 
patients, of whom 13 derived benefit from operation 
and 2 did not. Of the 14 patients with a ratio less than 
1.5, 6 benefited from operation and 8 did not. There- 
fore, with use of the criteria of renal venous renin 
activity ratio S/N (greater than 1.5 predicting 
a successful result) correct prediction was made 


RESULTS OF OPERATION 


stenotic (s) 
non stenotic (n) 


Renal vein renin activity ratio 





O Not on antipressor agents 
€ On antipressor agents during study 


^ Stressed (Low sodium and/or diuretics) 
FIGURE 3. Comparison of renal venous renin activity ratio S/N 
and operative results in patients with unilateral renal artery dis- 
ease. 


in 21 of the 29 patients (72.4 percent accura- 
cy). 

3. Renal venous renin activity (stenotic side) and 
renal venous renin activity ratio S/N (Fig. 2, Tables 
II and IID. a. When the absolute renal venous renin 
activity (stenotic side) and renal venous renin activi- 
ty ratio S/N were both increased (indicative of suc- 
cess), or both normal (indicative of failure), a correct 
prediction of surgical results could be made in 17 of 
the 19 patients, and the prognostic index by these 
criteria was high (89 percent accuracy). In 14 of 
these patients both the values were increased, and in 
12 of these, the result was satisfactory and in 2 was 
unsatisfactory (85 percent accuracy). For five pa- 
tients both these values were normal or low, and all 
five patients had unsatisfactory results after opera- 
tion (100 percent accuracy) (Table IT). 

b. Disparate values (either the absolute renal ve- 
nous renin activity [stenotic side] or the renal venous 
renin activity ratio S/N was elevated, but not both). 
In 10 patients there was disparity in the two values. 
Seven of these patients had satisfactory results (in 
six patients the absolute renal venous renin activity 
on the stenotic side was elevated, and in one patient 
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TABLE IV 


Unilateral Renal Artery Disease 
Prediction of Results of Operation 


Patients (no.) 
Prediction Percent 
Clinical Finding Total* Correct Accuracy 

Duration of hypertension 

Z3 years 29 26 89 
RVRA (stenotic side) 

Z4 ng/ml per 4 hours 29 23 79 
Gradient in renal artery 

260 mm Hg 9 7 77 
RVRA 

ratio S/N 21.5 29 21 72 
RVRA (stenotic side) 

>4.0 ng/ml and/or 29 24 83 

RVRA ratio S/N » 1.5 
131] renogram 23 15 65 
Rapid sequence urogram 17 11 64 
Abdominal bruit 28 19 64 
Urogram 27 17 62 
Divided renal function study 8 5 62 
Optic fundi < group Il 29 18 62 
PVRA 24 ng/ml per 4 hours 24 1 46 


* Number of patients for whom observation or test was made. 
PVRA = peripheral venous renin activity; ratio SN = ratio 
stenotic/nonstenotic side; RVRA — renal venous renin activity. 


the ratio S/N was elevated). In three patients the 
results were unsatisfactory and in all these patients 
the absolute renal venous renin activity (stenotic 
side) was elevated (Fig. 2, Tables II and III). 

When there was disparity in the two values the 
prognostic accuracy was uncertain and the results 
unpredictable (Table III). It is therefore possible to 
consider disparate values as indicative of either an 
unsatisfactory or satisfactory result. 

If the criteria indicative of a satisfactory operative 
result are considered an increase in both the absolute 
renal venous renin activity (stenotic side greater 
than 4 ng/ml per 4 hours) and renal venous renin 
activity ratio S/N (greater than 1.5), and normal or 
disparate values indicative of an unsatisfactory re- 
sult, a correct prediction was made in 20 of the entire 
group of 29 patients (69 percent accuracy). If, on the 
other hand, disparate values are arbitrarily con- 
sidered indicative of a satisfactory surgical result, a 
correct prediction was made in 24 of 29 patients (83 
percent accuracy) (Tables II and IV). 

As stated previously, five patients had bilateral 
renal venous renin activity determinations after 
stimulation of the renin-angiotensin system (during 
tilt, or by a low sodium diet, a diuretic agent, or 
both). All five patients had excellent or good results 
after surgery. In four, a significant increase in renal 
venous renin activity ratio (S/N) occurred after the 
stress procedure. In three patients, the ratios were 
less than 1.5 before stress and greater than 1.5 after 
stress. In one patient treated with a low sodium diet 


and chlorothiazide, the ratio was 1.3 after stress; this 
patient had excellent surgical results (Fig. 3). 


Results of Other Tests 


Intravenous urogram: In 19 of the 27 patients 
whose intravenous urogram was reviewed, the X-ray 
film was indicative of a renovascular lesion. Urograph- 
ic findings were abnormal in 13 of the 17 patients 
who benefited from surgery and normal in 4 of the 10 
patients who did not benefit from surgery. This test 
gave a correct prediction in 17 of the 27 patients 
whose urogram was reviewed (62 percent accuracy) 
(Table IV). 

The rapid sequence modification of the urogram 
was performed in 17 of the 29 patients and was in- 
dicative of a renovascular lesion in 7 of the 17 pa- 
tients. Findings were positive in 7 of 13 patients who 
benefited from surgery and negative in all 4 patients 
who derived no benefit from surgery. Therefore, the 
rapid sequence urogram correctly predicted the re- 
sults of renovascular surgery in 11 of 17 patients (64 
percent accuracy) (Table IV). 

Isotope renogram: The radioisotope 131I reno- 
gram was obtained in 23 patients and revealed a def- 
inite abnormality cn the involved side in 12 patients. 
It was considered positive in 10 of 16 patients suc- 
cessfully treated and negative in 5 of 7 patients who 
obtained no benefi: after surgery. This test yielded a 
correct prediction in 15 of the 23 patients in whom 
this investigation was performec (65 percent accura- 
cy) (Table IV). 

Divided renal function test: Divided renal func- 
tion studies were performed in eight patients and 
were indicative of a renovascular lesion in three. 
This test was positive in two of four patients who 
benefited from surgery and negative in three of the 
four patients who derived no benefit from surgery. In 
one patient with a lesion of a tertiary branch of the 
renal artery, nephrectomy was successful in relieving 
hypertension. This patient had equal urinary vol- 
umes with identical concentrations of sodium and 
creatinine from both kidneys. This study correctly 
predicted the outcome of surgical intervention in five 
of the eight patients (62 percent accuracy) (Table 
IV). 

Pressure gradient in renal artery: The mean ar- 
terial pressure gradient across the stenosis as esti- 
mated at the time of operation was greater than 60 
mm Hg in three of four patients who were successful- 
ly treated, and less than 60 mm Hg in four of five 
patients who did not benefit from their operation (77 
percent accuracy) (Table IV). 


Discussion 


The determination of bilateral renal venous renin 
activity in the evaluation of the functional signifi- 
cance of a renovaseular lesion is based on the sound 
physiologic principle involving the role of the renin- 
angiotensin system in renovascular hypertension. 

Several investigators have shown that most pa- 
tients with essential hypertension (with kidneys of 
equal or unequal size) and hypertension secondary to 
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TABLE V 
Original Criteria for Predicting Operative Results 
Patients (no.) 
Correct Percent 
Study Criteria for Successful Results Total Prediction Accuracy 
Michelakis et al.!? RVRA ratio S/N 71.5 Zor 20 90 
Oct, 1967 
Winer et al.! RVRA ratio S/N 71.5] 12i 12 100 
Oct, 1967 
Fitz? RVRA (stenotic side) 198 17 89 
Dec, 1967 >4 ng/ml and 
RVRA ratio S/N 22.0 
Gunnells et al.!? Elevated PVRA and 25] 20 80 
Sept, 1969 RVRA ratio S/N 22.0 
Amsterdam et al.!* 1. RVRA (stenotic side) 14 13 93 
Dec, 1969 72000 ng/100 ml 
2. RVRA ratio S/N >2.5 14 11 79 
3. PVRA 71000 ng/100 ml 21 13 62 
Present study 1. RVRA (stenotic side) 29 23 79 
>4 ng/ml per 4 hours 
2. RVRA ratio S/N >1.5 29 21 72 
3. RVRA (stenotic side) 29 20 69 


>4 ng/ml per 4 hours and 


RVRA ratio S/N >1.5 


2 COTES ME TRECE EN IDEE TICUISSDCI e Mid e ERE E DE 


* One patient had bilateral renal artery disease and underwent operation in two stages. 


t Significant difference between the two sides (lowest ratio 7 1.5). 


1 Excludes five patients not subjected to corrective surgery. 


§ Four patients had unilateral (stenotic side) RVRA determinations only. 


| Three patients had bilateral renal artery disease. 


PVRA — peripheral venous renin activity; ratio S/N — ratio stenotic/nonstenotic side; RVRA — renal venous renin activity. 


chronic bilateral renal parenchymal disease without 
evidence of occlusive renal artery disease have insig- 
nificant disparity in renal venous renin activity be- 
tween the two sides.1°13 A few exceptions to this 
statement may occasionally be noted and can proba- 
bly be attributed to differences in the degree of neph- 
rosclerosis involving the two kidneys. Similarly, in 
a few patients with essential hypertension without a 
stenotic lesion of the renal artery, divided renal func- 
tion studies have revealed differences in the excreto- 
ry pattern. These abnormal patterns in the absence 
of a stenotic lesion of the renal artery have been at- 
tributed to disparity in intrarenal vascular dis- 
ease,29.2! or an aberrant renal artery on one side.?? 

In a few patients studied postoperatively, patients 
with an elevated renal venous renin ratio were found 
to have a normal ratio after a reduction in blood 
pressure subsequent to successful surgery.19.1* Lupu 
and Maxwell23 have shown that maintenance of 
chronic hypertension in dogs by graded unilateral 
renal arterial constriction was associated with an 
early rise in ipsilateral renal venous and peripheral 
plasma renin activity, which decreased sequentially 
to normal values over a period of a year. However, 
the renal venous renin activity ratio (S/N) remained 
greater than 1.5. They suggested that the mainte- 
nance of chronic hypertension may be due to sensiti- 


zation of the peripheral vasculature to the effect of 
circulating angiotensin or other pressor stimuli. This 
observation may explain why many patients with 
renovascular lesions have normal peripheral venous 
renin activity. 

It has been suggested that the increased renin ac- 
tivity in the venous blood from the involved kidney 
may not reflect an actual increase in the secretion of 
renin by the affected kidney but simply a normal 
amount of renin concentrated in a smaller urinary 
volume due to decreased renal plasma flow and glo- 
merular filtration rate. Woods and Michelakis?* have 
presented data from a study of patients with renal 
vascular hypertension in whom bilateral renal ve- 
nous renin activity, effective renal plasma flow and 
the results of surgery were known. These studies pro- 
vide evidence that the measurement of increased 
renin activity in renal venous blood from an ischemic 
kidney in patients with renovascular hypertension is 
indicative of increased renin release by the ischemic 
kidney per unit of time and cannot be explained en- 
tirely by decreased renal blood flow through the 
stenotic artery. Vander and Miller?5 have shown that 
increased renal venous renin activity after aortic 
constriction is also associated with increased renin 
secretion. Also, Hollenberg et al.26 and Kaneko et 
al.27 measured secretory rates in a group of patients 


October 1973 The American Journal of CARDIOLOGY Volume 32 713 


RENIN ACTIVITY AND RENOVASCULAR HYPERTENSION—HUSSAIN ET AL. 


TABLE VI 
Unilateral Renal Artery Disease 


Recalculated Criteria for Predicting Successful Operative Results 





Patients with Correct Prediction (no. and percent accuracy) 





Increased RVRA Increased RVRA 





Patients Increased RVRA RVRA Ratio RVRA Ratio (stenotic side) and (stenotic side) and 

Study (no.) (stenotic side) S/N 21.5 S/N 22.0 RVRA Ratio 71.5 RVRA Ratio 22.0 
Michelakis et al.19 21* 19 (90%) 13 (62%) 
Winer et al. 121 ae 12 (100%) 7 (58%) EX Ma 
Fitz1? 151 12 (80%)§ 11 (73%) 12 (80%) 13 (86%) 14 (93%) 
Gunnells et al.i? 22] 16 (72%) 17 (77%) 16 (72%) 18 (81%) 17 (77%) 
Amsterdam et al.14 14 13 (93%)# 10 (71%) 11 (79%)+ 12 (85%) 11 (79%) ** 
Present study 29 23 (79%)§ 21 (72%) 19 (65%) 20 (69%) 18 (62%) 





* One patient excluded because of bilateral renal artery disease. 


* Five patients not subjected to corrective surgery and excluded here. 
į Four patients excluded as only unilateral (stenotic side) RVRA determination was performed. 


$ RVRA (stenotic side) >4.0 ng/ml per 4 hours (Pickens). 


! Three patients excluded because of bilateral renal artery disease. 


T RVRA (stenotic side) 7400 ng/100 ml (arbitrarily chosen value represents upper range of PVRA). 


# RVRA (stenotic side) 72000 ng/100 ml. 
** RVRA ratio S/N (stenotic/nonstenotic side) >2.5. 


with renovascular hypertension and showed that the 
increase in renal venous renin activity was associated 
with a true increase in renin secretory rate. 

Predictive value of renal venous renin activity 
after surgery: The results obtained by other investi- 
gators1?-1* have also confirmed the value of the renal 
venous renin activity in predicting the results of op- 
erations for renal artery disease, although criteria for 
determining the significance of a renal vascular le- 
sion have varied considerably (Table V). Michelakis 
et al.1? used a ratio of 1.5 or more comparing the 
ipsilateral to the contralateral renal venous renin ac- 
tivity, and found that their accuracy in indicating 
the outcome of operation was 90 percent. Winer et 
al.!! noted a significant difference in the renal ve- 
nous renin activity between the two sides (the lowest 
ratio greater than 1.5) in patients that were success- 
fully treated compared to those that did not have a 
favorable outcome from surgery. Fitz!? considered 
that a renal venous renin activity ratio of 2.0 or more 
when comparing the ipsilateral to the contralateral 
side, together with elevated renal venous renin activ- 
ity from the stenotic side, was indicative of a signifi- 
cant lesion in the renal artery. Gunnells et al.13 em- 
phasized the importance of elevated peripheral and 
renal venous renin activity ratio of 2.0 or more as in- 
dicative of successful renovascular surgery. Amster- 
dam et al.1* concluded that a ratio greater than 2.5 
and elevated renal venous renin activity from the 
stenotic side was more informative. 

Our selection of a renal venous renin activity ratio 
of 1.5 was based on the observation that several pa- 
tients in our series obtained undeniable benefit after 
operation and had a renal venous renin activity ratio 
between 1.5 and 2.0 (Fig. 3). Utilizing a ratio of 1.5 
and either 2.0 or 2.5, together with the value of renal 
venous renin activity from the stenotic side, we have 


recalculated the data presented by the other investi- 
gators (Table VI). Our analyses indicate that the cri- 
teria for success as denoted by a renal venous renin 
activity ratio greater than 1.5 and elevated renal ve- 
nous renin activity (stenotic side) compare favorably 
with those values obtained with a ratio of 2.0 or 
more and elevated renal venous renin activity from 
the stenotic side. The reluctance of some investiga- 
tors to accept a renal venous renin activity ratio of 
1.5 as significant of renovascular hypertension may 
stem from the overlap of this value with the value 
occasionally observed in persons with normal blood 
pressure or essential hypertension. However, the lat- 
ter value is usually less than 1.5 in most reported se- 
ries. 10-13 

From the analyses presented, a ratio of 1.5, espe- 
cially when associated with elevated renal venous 
renin activity from the stenotic side, appears to be 
highly significant in patients with renovascular le- 
sions. Failure to recognize this may lead to rejection 
of patients likely to benefit from surgery. 

In 22 patients in various series (Table III) there 
was disparity in the values of renal venous renin ac- 
tivity (stenotic side) and renal venous renin activity 
ratio S/N. Analysis of these data indicates a variable 
response after surgery. It is our opinion that when 
there is a disparity in the two values the result from 
surgery is uncertain and the prognostic accuracy un- 
predictable. 

Predictive value of other clinical findings and 
studies: Certain other clinical findings in this study 
were pertinent in the evaluation of the surgical re- 
sults (Tables I and IV). Patients who benefited from 
surgery had a short duration of hypertension (less 
than 3 years), and as a group were younger (average 
age 32 years compared to 49 years for patients who 
did not benefit from surgery). Also the presence of an 
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abdominal bruit or a fibrous lesion of the renal ar- 
tery, or both, was frequently associated with satis- 
factory surgical results. 

The intravenous urogram (and its modification, 
the rapid sequence urogram) as well as the 137] reno- 
gram, although often indicative of renovascular le- 
sions, had limited usefulness in predicting the results 
of operation in our patients with a renovascular le- 
sion. However, because of ease and simplicity of per- 
formance, the intravenous urogram serves as a useful 
screening test for detecting patients with renovascu- 
lar disease in the general hypertensive population, 
particularly when combined with a significant histo- 
ry and the presence of an abdominal bruit.?5 

Divided renal function studies have been advocat- 
ed as useful in the evaluation of the significance of a 
unilateral renovascular lesion. However, in addition 
to being technically difficult to perform and associ- 
ated with a high incidence of morbidity, they have 
yielded inconsistent results in some patients in sev- 
eral series reviewed by Maxwell et al.29 We have 


abandoned the routine use of this procedure and per- 
form it only in selected cases when results of other 
tests are equivocal. 

Determinations of peripheral venous renin activity 
correlated poorly with surgical results in our series, 
as well as in some others.1*.19.39 The modifying in- 
fluences of dietary sodium, diuretic agents, posture, 
accelerated hypertension and several pathophysio- 
logic states make adequate interpretation difficult in 
an individual situation. 

Determinations of bilateral renal venous renin ac- 
tivity can be performed without undue discomfort 
and distress to the patient. We now routinely per- 
form bilateral renal venous renin activity studies at 
the time of renal angiography, if a renal arterial le- 
sion is demonstrated. Since some false negative and 
false positive results invariably occur, the results of 
determinations of renal venous renin activity should 
be assessed in association with other tests, and in the 
light of careful clinical appraisal of an individual pa- 
tient. 
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Fiedler on Acute Interstitial Myocarditis (1899)—II 


SAUL JARCHO, MD 
New York, New York 


Excerpts From Fiedler’s Essay* 


There is no doubt that the four cases which have been 
described show great similarity, especially as regards 
pathological anatomy, to those which were described by 
Hayem, Birch-Hirschfeld, Leyden, Unruh and others, and 
recently by Romberg. 

It can be assumed, further, that most probably these 
cases have to do with an infection, although as yet it has 
been impossible to find its cause. This is not surprising, 
since there are many sicknesses that are undoubtedly in- 
fectious in which the infecting microorganism or noxious 
agent is still unknown to us. 

The question that stands at the center of the above con- 
sideration is whether in our cases we have had to do with 
a myocarditis which is to be regarded as a consequence or 
concomitant of a known infection or whether it is a ques- 
tion of an infection that is different from what has been 
known hitherto, i.e. a disease sui generis. 

That we are not dealing with myocarditis of the kind 
that is observed during and after diphtheria, scarlet, and 
typhoid needs no further discussion. These diseases were 
not present. Some patients had recovered from one or an- 
other of them a shorter or longer time in the past. 

We are also not dealing with rheumatic inflammation of 
the heart muscle. Apart from the fact that our patients 
were not suffering from rheumatic complaints and had not 
done so previously, the myocarditides that are observed in 
acute rheumatism manifest an entirely different charac- 
ter. They almost always emanate from the pericardium or 
endocardium and proceed from there into the myocar- 
dium. 

There is also no question of an alteration of the heart 
muscle such as appears in arteriosclerosis, endarteritis 
and capillary embolism. The vessels, especially the capil- 
laries, were examined carefully in every case. It is also not 
a question of syphilitic myocarditis, which we have often 
had the opportunity to observe in the form of fresh gum- 
matous infiltration or cicatrization. It would be superflu- 
ous to go farther into these questions. 

But an infection is present, and this cannot readily be 
ruled out. The question is whether in our cases we are 
dealing with a septic infection—myocarditis septica— 
especially since the disease which we designate as sepsis 
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or septicopyemia is not at present a closed and sharply 
demarcated concept, either clinically or etiologically. The 
fact that in the cases which I have reported—except to 
some extent in the second case—no visible external 
changes could be discovered despite very careful search, 
and there were no cutaneous or mucosal wounds, no 
inflammatory processes, no suppuration, etc., by no 
means excludes the presence of such lesions at some point 
in the body. Many cases of definite sepsis are known in 
which the portal of entry of the septic virus has remained 
unknown; we designate these as cases of cryptogenetic 
sepsis. 

It is extremely improbable, moreover, that in the sec- 
ond case the varicose ulcers conveyed staphylococci or 
streptecocci to the blood. The completely indolent ap- 
pearance of the ulcers, the absence of reaction in their vi- 
cinity, the lack of swollen glands and phlebitis testify de- 
cisively against such an assumption. 

The negative bacteriological finding is also irrelevant. It 
does not prove that there were no microorganisms any- 
where in the body; organisms could have died off by the 
time the patient died. Perhaps there were microorganisms 
that cannot be demonstrated by our methods. We must 
also consider the possibility that it was not merely bacte- 
ria or cocci localized in the myocardium itself that evoked 
the inflammation there but that the latter was produced 
by toxins produced by bacteria which had settled else- 
where, in extracardial locations. 

In reviewing the records it is much more important that 
the clinical appearances which were observed almost uni- 
formly in all four cases do not correspond with those 
which we meet all day long in the usual cases of sepsis, 
i.e. in those cases of sepsis which we attribute to the inva- 
sion of the well-known staphylococci or streptococci on 
the basis of countless microscopic and bacteriological ob- 
servations, cultures, and trials in animals. 

If the foregoing cases are really cases of sepsis—and I 
cannot entirely reject this possibility—it must be sepsis of 
an altogether unfamiliar kind, and for this reason alone 
the cases would be worth publishing. However it seems to 
me much more likely that we are dealing with an alto- 
gether special morbid poison which has the tendency to 
localize itself in the myocardium, i.e. a peculiar infection. 

Many pathologic phenomena, which we observed in the 
four cases and reported above, speak against the usual 
streptococcus or staphylococcus sepsis. 

Above all it is quite extraordinary that in all four cases, 
all the organs except the heart remained normal or 
showed only unimportant morbid phenomena. This obser- 
vation stands in blunt contrast to what we see in severe 
and fatal cases of sepsis. I refer to the suppurations and 
metastases in the most diverse organs, which we can al- 
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most always demonstrate clinically in ordinary septicopy- 
emia. 

In our cases, moreover, the behavior of the temperature 
is altogether different from what we are accustomed to see 
in severe sepsis. In sepsis, as is well known, considerable 
elevations (usually preceded by chill) alternate with deep 
and often subnormal remissions. In sepsis there is no typi- 
cal course of temperature. The temperatures in general 
exhibit all possibilities with respect to fluctuations of bod- 
ily heat. But that the temperature, despite the gravity of 
the case, should remain normal from the beginning and 
through the entire course, or should be only a little above 
the norm even in cases that end fatally, as was the case 
with our four patients, is a circumstance which in my 
opinion does not occur in ordinary sepsis. 

In the etiological estimation of the morbid phenomena 
it is moreover of great importance that the spleen was ab- 
solutely not swollen in two of the cases described by us 
and was only slightly swollen in the third. I consider such 
a finding to be ruled out in severe and fatal sepsis, at 
least in adults, and I have not encountered it. 

Finally I must not omit to mention that in two or rather 
three of our cases there were convulsions, which were 
twice intercurrent during the course of the illness and 
once terminal, occurring immediately before death. This 
also is altogether unusual in sepsis. The same is true of 
the constipation which was observed in three of our cases 
and contrasted with the dreaded septic diarrhoea. 

Altogether special are the anatomical findings, which 
cast doubt on the diagnosis of sepsis. As already stated, it 
was mainly the myocardium that showed severe patholog- 
ic changes. Except for slight irritation of the renal paren- 
chyma (and infarcts in the fourth case), all other organs 
were normal, both clinically and anatomically. 

How different is the autopsy finding in other cases of 
severe sepsis. In such cases the tendency to suppuration 
stands in the foreground of the phenomena. I refer to the 
suppurative inflammations of the serous membranes, the 
abscesses in the cellular tissue, the suppurated glands, the 
suppurative and ichorous infarcts, the abscesses in the 
liver, etc. None of this was found in our cases. 

In sepsis the heart is not always spared. In sepsis, also, 
we not rarely find suppurative pericarditis, ulcerative 
endocarditis, infarcts, myocarditic abscesses, etc., but so 
far as I know such isolated inflammations of the intersti- 
tial tissue of the heart muscle as occurred in our cases do 
not appear in ordinary sepsis. 

It might be objected that the disease ran its course too 
rapidly and that, so to speak, there was no time for sup- 
puration. This does not hold, since in the three cases in 
which the duration was known, death occurred on the 
eighth, ninth, and 24th day. It is known from experience 
that in sepsis suppuration proceeds with extraordinary 
speed. In the cases reported above, and this is especially 
true of the fourth, there was thus ample time for suppura- 
tion. 

Finally it must be emphasized that both clinically and 
anatomically the spleen did not correspond, at least in 
three cases, with what we have usually found in fatal 
sepsis. In two cases it was found at autopsy, just as it had 
been found clinically, to be not enlarged, but rather 
small. In the third case it was enlarged but was in a con- 
dition of incipient putrefaction. In the fourth case it was 
not appreciably enlarged but the capsule was distinctly 
tense and the pulp was bulging and stripped away readily. 
On the convex side there were three small fresh infarcts 
with pale margins, caused doubtless by displaced thrombi. 
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In view of all these facts I cannot convince myself that 
the cases which I have described are cases of ordinary 
sepsis. 

To me it seems much more likely that another microor- 
ganism, different from those that usually cause sepsis, en- 
tered the body, localized itself directly in the heart mus- 
cle and there exerted an inflammatory stimulus, or that it 
settled elsewhere and produced a toxin which entered the 
blood and from it acted in irritating way upon the interfi- 
brillary tissue of the myocardium. 

In diphtheria, scarlatina, and typhoid, diseases which 
are caused by entirely different infectious materials and 
which are also so different in their clinical appearances, 
we find, as has been stated above, interstitial myocarditic 
changes which correspond exactly with those that were 
present in the cases which I have observed and reported. 
It can therefore be assumed that in all these different dis- 
eases it is not one and the same noxious agent that pro- 
duces the change in the myocardium but that there are 
entirely different infectious materials which cause the in- 
flammation directly or indirectly. 

Since the cases which I have reported are so fundamen- 
tally different from sepsis in clinical course and anatomi- 
cal findings, I cannot immediately assume that they rep- 
resent septic infection—myocarditis interstitialis septica. 
On the contrary, as already stated, I suspect the presence 
of an infection sui generis. But until we can demonstrate 
the causative agent it will be impossible to decide with 
complete certainty what position the above-described 
cases should occupy in pathology. 

I must not omit to observe that although the foregoing 
discussion has dealt with interstitial myocarditis, this 
designation is not to be understood in the most rigorous 
and exclusive sense. The interstitial changes in the mus- 
cle tissue were at any rate primary and most important, 
but as the microscopic examination showed, an alteration 
in the muscle fibers themselves, i.e. a parenchymatous in- 
flammation, was always present, even though at times it 
was slight. 

And now a few words about the prognosis of the disease 
under discussion. As was reported above, all our cases 
ended fatally. This does not justify the assumption that 
all cases have a bad prognosis. Further observations are to 
be awaited. In cases of myocarditis, described by Romberg 
and observed by every practising physician, completely 
surprising improvement and cure are seen even in severe 
cases. In exactly the same way we should not give up the 
hope that this may occur and may be attained in cases of 
the kind that have been described above. From the view- 
point of pathologic anatomy it is not evident why this 
should not be possible. 

In my opinion complete restoration to normal is scarce- 
ly to be expected in any significant dissemination of the 
myocarditic process. In such cases genuine defects will al- 
ways remain, especially in consequence of diminished 
functional capacity of the heart, such as rapid fatigability, 
shortness of breath, irritability of the heart, genuine phe- 
nomena of stasis, etc. Obviously much depends on the 
location of the inflammation. 

[At this point Fiedler presents the case of a girl aged 19 
who had a sudden intense chill followed by dyspnea, op- 
pression and palpitation. She had tachycardia (144/min), 
low fever, increased cardiac dullness, and congestive 
signs. Occasional gallop rhythm. Slow improvement oc- 
curred over a period of three months. Pulse rate persis- 
tently exceeded 100. ] 

The diagnosis was: acute myocarditis, mild nephritis, 
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stasis in the greater and smaller circulation. When the 
clinical phenomena are compared with those which were 
observed in the four cases in which the diagnosis was es- 
tablished by autopsy, there can be no objection to the as- 
sumption that this last case, in which at least relative re- 
covery occurred, was likewise one of interstitial myocardi- 
tis. 

On the score of therapy I can be brief. Absolute rest, 
rest in bed wherever possible, is the prime requisite. Any 
bodily exertion, even of an unimportant kind, e.g. impru- 
dent sitting up in bed, produces acceleration of the pulse 
as a consequence of incipient cardiac weakness and can be 
fatal to the patient. It is advisable to continue the rest for 
a long time and, wherever possible, to permit light activi- 
ty only when it is followed by no increase in the pulse rate 
and when cardiac dilatation is no longer demonstrable. I 
think I have seen a good result from the administration of 
digitalis. In the last case tincture of strophanthus was 
given during the convalescence. In the acute stage I have 
ordered ice-bags to be applied continuously over the pre- 
cordium but I observed no real improvement in the condi- 
tion of patients afterward. Morphine should be tried. In 
states of weakness camphor and strong coffee were used 
extensively. I have preseribed strong wine rather seldom, 
since I feared the weakening action which in many pa- 
tients appears often very quickly after the excitation. 

I may summarize my opinion as follows: 

1. There is an acute inflammation of the myocardium 
which for the most part starts suddenly and with chills; in 
all probability it is of microparasitic origin. 

2. Usually it affects young persons and runs its course 
with little or no fever. The pulse rate almost always is in- 
creased enormously; rarely (Case 3) it is decreased. The 
heart is dilated toward the right and the left. Cardiac ac- 
tion is irregular. Dyspnea, cyanosis, stasis in the greater 
and lesser circulation, and a great inclination to cardiac 
weakness are always present. 

3. As a rule the spleen is not enlarged. Transient albu- 
minuria and mild signs of renal irritation are frequent. 
The sensorium is clear. Convulsive seizures occur occa- 
sionally in the course of the illness or toward its fatal end. 

4. The poison of the disease localizes itself mainly in 
the myocardium and produces therein an interstitial 
myocarditis. The other organs remain free or are only in- 
volved secondarily. 

5. Probably the disease is an infection sui generis. It has 
nothing in common with other infectious diseases such as 
scarlet, diphtheria, and typhoid, in which similar patho- 


logical changes occur in the heart muscle, or with rheu- 
matism, lues, arteriosclerosis, and the ordinary forms of 
sepsis or septicopyemia. 

6. The prognosis is generally unfavorable. As a rule the 
disease ends fatally on the fifth to seventeenth day. Im- 
provement is not excluded; whether complete return to 
normal can be attained appears doubtful. 

[The last four pages of Fiedler's treatise contain an ab- 
stract of a thesis by Walter Rindfleisch—not the great 
Georg Rindfleisch—describing a case of myocarditis clini- 
cally similar to those of Fiedler but characterized by the 
presence of a polynuclear exudate in the myocardium. 
Staphylococcus pyogenes citreus was cultivated.] 


Comments on Fiedler's Essay 


In the early paragraphs of his essay Fiedler pre- 
sents a concise historical retrospect. This shows that 
parenchymatous myocarditis has been known for at 
least 50 years previously. Parenchymatous myocardi- 
tis apparently was not rare, since it was a complica- 
tion of common infectious diseases. The recognition 
of interstitial inflammation of the myocardium was a 
more recent accession to medical knowledge. 

Fiedler's contribution is a straightforward presen- 
tation in the modern style. He sets forth the clinical 
history and detailed autopsy findings in four cases. 
'These are followed by an elaborate discussion of the 
taxonomic features and probable origin of the patho- 
logic process. Despite its verbosity and repetitious- 
ness, this part of the essay stands as an excellent ex- 
ample of the application of anatomic and clinical ob- 
servations to the solution of a problem. 

Fiedler demonstrates first that acute interstitial 
myocarditis is an infection and that it is unrelated to 
the common communicable diseases and to rheu- 
matic fever. Sepsis cannot be excluded; but if the 
disease is sepsis or is due to sepsis, it must be sepsis 
of an unusual kind. At this juncture Fiedler goes into 
great detail, describing the clinical and anatomic 
traits of ordinary sepsis and comparing them with 
the findings in isolated myocarditis. He concludes 
that the disease is caused by a microorganism differ- 
ent from those that produce the common varieties of 
sepsis. Isolated myocarditis, he judges, is probably 
an infection sui generis." 
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In two patients with idiopathic hypertrophic subaortic stenosis and 
heart block, right and left heart catheterization studies showed 
marked cycle-to-cycle variation in subvalvular gradient. The patient 
with complete heart block showed a marked decrease in gradient 
when atrial systole fortuitously preceded ventricular contraction by 
an appropriate interval. This decrease appeared to be due to aug- 
mented ventricular end-diastolic volume provided by atrial contrac- 
tion. The second patient, who had second degree heart block with 
the Wenckebach phenomenon, demonstrated marked increases in 
gradient after blocked cycles in which ventricular volume appeared 
to be enhanced by a long diastolic filling period. Since aortic diastol- 
ic pressure (afterload) was also decreased in the latter patient, a 
comparison of the hemodynamics in these two unusual cases 
showed that decreased afterload was a more important variable af- 
fecting outflow tract gradient in idiopathic hypertrophic subaortic ste- 
nosis than the augmentation of preload by atrial systole. 


Although the cause of idiopathic hypertrophic subaortic stenosis re- 
mains obscure, it is well established that the subvalvular gradient is 
influenced significantly by various physiologic variables.? Maneu- 
vers that increase cardiac contractility have been shown to increase 
the gradient.2 When ventricular volume is decreased by the Valsalva 
maneuver, the gradient increases,!-> and when aortic pressure (after- 
load) is increased by pharmacologic methods, the gradient is dimin- 
ished.3.4 

We recently observed cycle-to-cycle variation of subvalvular gradi- 
ents in two patients with idiopathic hypertrophic subaortic stenosis 
and heart block. One patient had complete heart block and the other 
had second degree Wenckebach atrioventricular (A-V) block. Com- 
parative observations of the two patients led to interesting hypothe- 
ses on the relative influence of ventricular volume (preload) and aor- 
tic pressure (afterload) on the outflow tract gradient in idiopathic 
hypertrophic subaortic stenosis. 


Case Reports 


Case 1: A 60 year old man presented with an 8 month history of fatigue 
and one episode of syncope. A systolic murmur had been noted 12 years be- 
fore admission, and a pulse rate of 40/min was observed 1 month before ad- 
mission. An electrocardiogram revealed complete heart block. Blood pres- 
sure was 140/70 mm Hg, and the apical heart rate was 42/min. Cannon A 
waves were noted in the jugular venous pulse. A grade 3/6 systolic ejection 
murmur was present at the left sternal border and aortic areas. The carotid 
pulse had a rapid upstroke and demonstrated a midsystolic dip. 

Before cardiac catheterization, a transvenous pacemaker was inserted in 
the right ventricle which captured completely at a rate of 75/min. The in- 
direct carotid pulse tracing (Fig. 1) demonstrated the typical midsystolic 
dip that occurs in patients with idiopathic hypertrophic subaortic stenosis.® 
The dip virtually disappeared in cycles in which the paced ventricular con- 
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FIGURE 1. Case 1. Indirect carotid pressure tracing and elec- 
trocardiogram. Each QRS interval is preceded by a pacemaker 
artifact. The first two cycles have the midsystolic dip and narrow 
pulse pressure characteristic of idiopathic hypertrophic subaort- 
ic stenosis. The last three cycles, which are fortuitously preced- 
ed by P waves, demonstrate a wider pulse pressure with loss of 
the midsystolic dip. 


traction was preceded by an atrial P wave. In cycles in 
which ventricular contraction was not preceded by atrial 
contraction, the dip was clearly present (Fig. 1). This 
finding suggested that the gradient was reduced when 
atrial contraction resulted in greater ventricular filling. 

Right and transseptal left heart catheterization was 
performed after pacing was achieved. A catheter was 
placed in the central aorta for recording of simultaneous 
left ventricular and aortic pressures. A resting mean left 
ventricular-aortic gradient of 33 mm Hg was observed. 
There was cycle-to-cycle variation ranging from a gradient 
of 0 to 44 mm Hg. The gradient was characteristic of idio- 
pathic hypertrophic subaortic stenosis, since it increased 
with infusion of isoproterenol, inhalation of amyl nitrite 
and during the Valsalva maneuver. Postextrasystolic aug- 
mentation of the gradient was also noted, with a narrowed 
aortic pulse pressure. The wide variation in the gradient 
was a function of the timing of atrial systole. In Figure 2 
one can see that in cycles preceded by a P wave that al- 
lowed for atrial contraction with the mitral valve open, 
there was little or no gradient. When atrial contraction 
occurred fortuitously during ventricular systole, with 
closed A-V valves, the gradient was as great as 44 mm 
Hg. These data confirmed the results of indirect carotid 
pulse measurements and strengthened the hypothesis that 
increasing ventricular volume with appropriately timed 
atrial contractions ameliorated the subvalvular obstruc- 
tion. 


Case 2: A 60 year old man presented with a 13 year his- 
tory of recurrent syncope, substernal pressure and mild 
exertional dyspnea. At age 45 years he was noted to have 
a heart murmur; first degree A-V block and left ventricu- 
lar hypertrophy were revealed on an electrocardiogram 
taken at age 53 years. During cardiac catheterization at 
Stanford Medical Center in 1969, idiopathic hypertrophic 
subaortic stenosis was documented by the presence of a 
pressure gradient in the left ventricular outflow tract on 
pullback from the apex to aorta. The patient was treated 
with reserpine rather than propranolol because of the first 
degree A-V block. There was distinct symptomatic im- 
provement. Follow-up hemodynamic observations were 
obtained in January 1971 because of increase in heart 
size. 

Pertinent physical findings included blood pressure of 
125/80 mm Hg and pulse of 60/min with frequent dropped 
beats. There was no increase in the venous pressure. The 
arterial pulse was small in amplitude, but the upstroke 
was rapid. A grade 3/6 systolic ejection murmur was pres- 


ent, maximal at the apex and radiating to the base. 
Marked beat-to-beat variation in intensity of the mur- 
murs was noted, with the loudest murmur consistently 
following a dropped beat. 

Right and transseptal left cardiac catheterization was 
performed. A left ventricular-aortic pressure gradient was 
observed, which increased after infusion of isoproterenol, 
inhalation of amyl nitrite and during the Valsalva maneu- 
ver and exercise. The magnitude of the resting left ven- 
tricular-aortic gradient ranged from 32 to 168 mm Hg 
(mean 74). The largest gradient consistently occurred 
after the dropped beat in a Wenckebach cycle (Fig. 3). 
The characteristic hemodynamics of the beat with the 
largest gradient were (1) an increase in left ventricular 
end-diastolic pressure due to the combined effects of a 
prolonged diastolic filling period and an appropriately 
timed atrial contraction (normal P-R interval), and (2) a 
decrease in end-diastolic aortic pressure. Muscular out- 
flow obstruction was thus maximal in the cardiac cycle in 
which the ventricular preload was greatest and the after- 
load least. 

Discussion 

Heart block in association with muscular subaortic 
stenosis is apparently a rare phenomenon. Luisada? 
discussed a single case of heart block in a 10 year old 
patient with idiopathic hypertrophic subaortic steno- 
sis whose gradient was apparent only after stimula- 
tion by isoproterenol. We have found no other cases 
in the reported studies, including a review of 126 pa- 
tients with idiopathic hypertrophic subaortic steno- 
sis. 10 

Effect of increased ventricular volume (pre- 
load): The findings in our two patients were unusu- 
al, and they demonstrated variations in the subval- 
vular obstruction which are instructive in understand- 
ing the physiology of idiopathic hypertrophic sub- 
aortic stenosis. Patient 1, who had complete heart 
block and a fixed paced ventricular rate, had a 
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FIGURE 2. Case 1. Simultaneous left ventricular and aortic 
pressure tracings. The second and third cycles, which are pre- 
ceded by appropriately timed atrial systoles, show no left ven- 
tricular-aortic gradient. The fourth through sixth cycles, in which 
P waves occur with a closed mitral valve, show a significant left 
ventricular-aortic gradient with a narrowed aortic pulse pres- 
sure. With the seventh and eighth beats, diminution of gradient 
is again seen with reappearance of effectively timed atrial con- 
traction. 
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minimal subaortic gradient when ventricular end- 
diastolic volume was increased by atrial contraction. 

Wigle et al have proposed that increasing ven- 
tricular volume decreases the subvalvular gradient in 
patients with idiopathic hypertrophic subaortic ste- 
nosis by distending the left ventricular outflow tract. 
This concept is supported by the observation that 
maneuvers that decrease ventricular volume, such as 
the Valsalva maneuver and exercise,!! result in in- 
creased gradients.!:9.6 Conversely, the decrease in 
gradient that occurs with administration of methox- 
amine hydrochloride is associated with an increase in 
ventricular dimensions.!? Mason et al.7 showed that 
ventricular gradients in idiopathic hypertrophic 
subaortic stenosis were increased when patients were 
in the upright position and decreased when they 
were supine. They considered that the changes were 
due to alterations in ventricular volume related to 
body position. 

Borromeo and Wilson!? recently described a pa- 
tient with idiopathic hypertrophic subaortic stenosis 
who had a brief run of A-V dissociation during cath- 
eterization. Although simultaneous left ventricular 
and aortic tracings were not reported, the aortic 
pressure did reveal a decreased pulse pressure and 
typical midsystolic dip during dissociated beats. Cy- 
cles in which atrial and ventricular contractions were 
appropriately related had normal aortic pressure and 
contour. These investigators thought that the de- 
creased ventricular volume of the dissociated cycles 
resulted in increased gradients. Glancy et al.14 de- 
scribed a similar patient whose simultaneous left 
ventricular and brachial arterial pressures were pre- 
sented. 

Effect of decreased aortic pressure (afterload): 
Our second patient presents an interesting contrast. 
During periods of second degree heart block, some 
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FIGURE 3. Case 2. Simultaneous left ventricular and aortic 
pressures. The third and sixth cycles follow blocked beats. They 
are characterized by a long R-R interval, reduced aortic diastol- 
ic pressure (afterload), increased left ventricular end-diastolic 
pressure and a marked increase in the left ventricular-aortic 
pressure gradient. The measured values (mm Hg) for aortic 
blood pressure are as follows: second cycle 104/62; third cycle 
98/50, fourth cycle 104/52 and sixth cycle 95/48. 
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FIGURE 4. Simultaneous left ventricular and aortic pressures in 
a patient with idiopathic hypertrophic subaortic stenosis and 
sinus arrhythmia. Note the fifth cycle in which a lengthening of 
the R-R interval is associated with a reduced aortic diastolic 
pressure, marked increase in left ventricular-aortic gradient and 
narrowing of the aortic pulse pressure. 


ventricular contractions were preceded by a long dia- 
stolic filling period and a more appropriately timed 
atrial contraction. Although the left ventricular end- 
diastolic volume was presumably increased in these 
instances, the subvalvular gradient was always 
greater than in cycles preceded by a shorter diastolic 
filling period and a less appropriately timed atrial 
contraction. This contrast to findings in the patient 
with complete heart block may be explained in sev- 
eral ways. The second patient demonstrated vari- 
ables other than changing end-diastolic ventricular 
volume when second degree heart block occurred. As 
shown in Figure 3, the aortic diastolic pressure was 
always at its lowest level after blocked cycles in 
which the R-R interval was prolonged. This phe- 
nomenon of augmented gradient with reduction of 
aortic pressure has been noted in patients with atrial 
fibrillation who have an increased gradient with 
longer cycle lengths.!5 A similar situation is the post- 
extrasystolic potentiation of subvalvular gradients 
described by Brockenbrough et al.1® The postex- 
trasystolic contraction is usually preceded by in- 
creased ventricular volume and decreased aortic dia- 
stolic pressure. 

The variations in gradient in our patient with sec- 
ond degree heart block may be explained by the con- 
cept that reduced aortic diastolic pressure, or after- 
load, reduces the tension in the outflow tract, allow- 
ing for closer approximation of the hypertrophied 
walls of the tract.3-17 It is also possible that in- 
creased contractility occurs after long R-R inter- 
vals,15 with resulting augmentation in gradient. 

The relative importance of variations in preload 
and afterload is further demonstrated in Figure 4, 
which shows the effect of sinus arrhythmia on the 
left ventricular-aortic gradient in idiopathic hyper- 
trophic subaortic stenosis. This tracing is from a 39 
year old man with idiopathic hypertrophic subaortic 
stenosis who presented with angina. During episodes 
of sinus arrhythmia the gradient abruptly increases 
after long R-R intervals. Again, the effects of in- 
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creased preload due to a longer diastolic filling peri- 
od appear more than compensated for by the de- 
crease in afterload. 

The two patients presented in our study demon- 
strate interesting contrasts which may help to define 
the contribution of different hemodynamic variables 


to the functional outflow tract obstruction in idio- 
pathic hypertrophic subaortic stenosis. The effect of 
the augmented ventricular end-diastolic volume pro- 
vided by atrial systole seems less important than the 
opposing effects imparted by a long cycle length with 
decreased ventricular afterload. 
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A case of traumatic rupture of chordae tendineae to the tricuspid 
valve is presented, and 26 previously reported cases are reviewed. A 
history of trauma, often occurring many years before symptoms are 
noted, differentiates this lesion from other causes of isolated tricus- 
pid insufficiency. Common features of traumatic tricuspid insufficien- 
cy are a relatively long history, typical signs of tricuspid insufficien- 
cy, enlarged right atrium and almost invariably, right ventricular con- 
duction disturbance in the absence of left heart signs and symptoms. 
Cardiac catheterization and tricuspid valve replacement are often re- 
quired, and surgical results have been good. 


Although traumatic injury to the tricuspid valve is rarely reported, 
the growing number of motor accidents occurring at high speed 
should make this lesion increasingly common. Eventual surgical re- 
placement of the tricuspid valve, often required, is normally success- 
ful. The following case report and review of the literature summa- 
rizes the clinical features, laboratory findings and data on manage- 


ment of this lesion. 


Case Report 


A 40 year old construction foreman had had an automobile accident 17 
years before presentation. His car had struck a tree and, on impact, the pa- 
tient's chest hit the steering wheel, breaking the steering column. He sus- 
tained bruises of the sternum but, except for soreness of the chest for a few 
days, had no other symptoms. On a physical examination 6 months later he 
was noted to have a heart murmur. Four years later cardiomegaly was 
noted on the first routine chest X-ray film taken after the accident. Four- 
teen years after the injuries, he had easy fatigability, dyspnea on exertion 
and palpitation accompanied by dynamic chest movement, but the symp- 
toms progressed slowly. Seventeen years after the accident he was referred 
for evaluation because of incapacitating fatigue, dyspnea on exertion and 
frequent palpitation. There was no history of edema, ascites, orthopnea, cy- 
anosis or febrile illness requiring antibiotic agents. 

On physical examination the blood pressure was 130/90 mm Hg, and 
pulse 80/min with frequent atrial premature contractions. The jugular ve- 
nous pulse showed prominent V waves with rapid Y descent. The point of 
maximal impulse was right ventricular in character with lifting quality 
from apex to the right and left sternal border. The first heart sound was 
normal, and the second sound was single despite right bundle branch block. 
A prominent fourth heart sound was present without respiratory variation. 
A grade 2/6 midsystolic ejection murmur of medium frequency was maxi- 
mal along the left sternal edge with variable increase with inspiration. A 
grade 2/6 mid-diastolic rumble with presystolic accentuation was maximal 
at the third left intercostal space. Both diastolic murmurs increased on in- 
spiration. Although the liver edge was pulsatile, total liver size was normal. 
No edema was present. 

Chest X-ray film (Fig. 1) showed cardiomegaly of indeterminate type 
with no signs of pulmonary venous or pulmonary arterial hypertension. Flu- 
oroscopic examination showed striking pulsations of the inferior vena caval 
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FIGURE 1. Preoperative posteroanterior chest film showing car- 
diomegaly of indeterminate type. 


shadow with the patient in the left anterior oblique posi- 
tion. At the time of the electrocardiogram and Frank vec- 
torcardiogram (Fig. 2) the rhythm was atrial fibrillation 
with complete right bundle branch block. There was right 
axis deviation of +110° with initial vector superior and 


small Q waves in leads II, III and aVF, consistent with left ; 


posterior hemiblock. 


At cardiac catheterization the patient's rhythm had re-. 


verted to normal sinus rhythm. There was a tall V wave of 
11 mm Hg in the right atrium with rapid Y descent and a 
slightly increased right ventricular end-diastolic pressure 
(Table I). Negative hydrogen curves in the main pulmo- 
nary artery ruled out a left to right shunt. The pulmonary 
arteriovenous difference was wide and cardiac index (de- 
termined by the Fick method) was low in the absence of 
sedation. Right ventricular cineangiograms revealed mas- 
sive tricuspid regurgitation, and biplane films disclosed 
an enlarged right atrium and ventricle (Fig. 3). Simulta- 
neous withdrawal recordings of the electrocardiogram and 
pressure could not be accomplished because of ventricular 
irritability. 

At operation on June 2, 1971, the tricuspid valve was 
replaced with a no. 9 Kay-Shiley valvular prosthesis. The 
right atrium and ventricle were dilated and hypertro- 
phied. Two thirds of the anterior leaflet was unsupported 
because of multiple ruptured chordae tendineae. Papillary 
muscles, valve substance and tissue were normal. 

The postoperative course was benign. Eighteen months 
later, the prosthesis was functioning well, and the patient 
was asymptomatic and working. Signs of tricuspid insuffi- 
ciency had disappeared, and heart size had markedly de- 
creased. Although the QRS interval had narrowed to 0.09 
second, the axis was still 90° with an initial vector superi- 
or and terminal forces of incomplete right bundle branch 
block. Intermittent nodal rhythm was present. 


Discussion 


The differential diagnosis of isolated tricuspid 
insufficiency has been reviewed by Ahn and Segal? 
and includes differentiation from these rare lesions: 
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FIGURE 2. Preoperative electrocardiogram and Frank vector- 
zardiogram. Arrows indicate direction of movement of the vec- 
tor loop. Each dot represents 2.5 msec. There is atrial fibrilla- 
tion with complete right bundle branch block. 


congenital tricuspid insufficiency, Ebstein's anoma- 
ly, tricuspid bacterial endocarditis, the carcinoid 
syndrome and endomyocardial fibrosis. Traumatic 
tricuspid insufficiency is best differentiated from 
these lesions by a history of severe chest trauma, 
often occurring many years earlier. 

Clinical features: Twenty-six cases of traumatic 
tricuspid insufficiency have been reported pre- 
viously3-18; in all but one the patients were male. 
Table II SAA FEeS the findings in the 27 cases to 
date; 14 resulted from automobile accidents, usually 
from steering wheel injuries. Two patients incurred 
injury in motorcycle accidents. 

There is ordinarily a greater tolerance and later 
appearance of symptoms in acute or chronic tricus- 
pid insufficiency than in cases of similar damage to 
the mitral valve.!?.29 The interval from the accident 
to onset of symptoms and from symptoms to time of 


TABLE | 
Cardiac Catheterization 








Chamber Pressures (mm Hg) 
Right atrium AC 7; V 11(5) 
Right ventricle 16/7 
Pulmonary artery 19/9 (12) 
Pulmonary capillary A8; V 11(8) 


Brachial artery 116/78 (94) 


Cardiac output (liters/min) 3.7 

Cardiac index (liters/min per m?) 2.2 

Stroke volume (cc) 44 
Hydrogen curves Negative in 


pulmonary artery 





Figures in parentheses indicate mean pressures. 
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discovery is commonly prolonged: forty-four percent 
of the patients had no symptoms until 3 or more 
years after their accident. The lesion was medically 
undetected 1 year or more after trauma in 59 per- 
cent. Of the 14 patients who underwent surgical re- 
pair, 71 percent did not require surgery until 1 year 
or more after trauma. 

A holosystolic murmur was present in 37 percent 
of patients, but 11 percent had no murmurs. The 
murmur was increased with inspiration in only 33 
percent. Tricuspid insufficiency with failure of the 
murmur to increase with inspiration has been noted 
by others.?! A murmur in diastole was described in 
only 19 percent of the cases and is presumably 
caused by flow across the tricuspid valve during 
rapid ventricular filling and atrial contraction. A sin- 
gle second sound in the presence of right bundle 
branch block was found in two other cases. This phe- 
nomenon is not understood but may be a result of 
early emptying of the right ventricle through the in- 
competent tricuspid valve, leading to premature clo- 
sure of the pulmonic valve.?2 

Cyanosis in 27 percent of cases was either central 
due to a right to left shunt through a patent foramen 
ovale (except for one patient with an incidental atri- 
al septal defect) or peripheral due to a very low level 
of cardiac output. 

The most consistent radiographic feature was an 
enlarged right atrium, whereas only a minority of 
patients were thought to have an enlarged right ven- 
tricle on X-ray examination. Fluoroscopic examina- 
tion showed prominent, pulsatile venae cavae in four 
cases, and several angiographic reports noted reflux 
into the venae cavae from the right atrial and right 
ventricular injections. 

Of the 24 patients whose electrocardiograms were 
reported, 92 percent had partial or complete right 
bundle branch block. Typical additional changes of 
left anterior hemiblock probably occurred because of 
the proximity of the tricuspid valve to the pseudobi- 
furcation of the right bundle and left anterosuperior 
fascicle. Similar bifascicular block has been reported 
in patients who have undergone tricuspid valve re- 
placement.?3 Right bundle branch block with right 
axis deviation of 110 to 130° recorded in three pa- 
tients may have been due to right ventricular hyper- 
trophy but was also consistent with block of the pos- 
terior fascicle of the left bundle.!.?^ Although atrial 
rhythm disturbances were a prominent feature in our 
patient, they occurred in only a minority of reported 
cases. 

Of the 24 patients who underwent catheterization, 
all had right atrial V waves of 8 mm Hg or more, and 
75 percent had ‘“‘ventricularization” of the right atri- 
al pressure. Less than half had increased right ven- 
tricular end-diastolic pressure. As expected, the pul- 
monary wedge pressures were normal in all but two 
patients. A simultaneous electrocardiogram and 
pressure pullback was rarely performed although this 
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FIGURE 3. Right ventricular angiogram in the right anterior 
oblique projection. The main pulmonary artery is normal; the 
right ventricle and right atrium are dilated. Note the significant 
opacification of the right atrium and inferior vena cava. 


TABLE II 
Summary of 27 Reported Cases 


Patients with 


Data patients with Finding 
Reported phe Si ee AE 
(no.) (no.) 96 
History 
Dyspnea on exertion 27 18 67 
Fatigue 27 15 56 
Physical examination 
Pulsatile liver 23 15 65 
Carvallo's murmur 24 8 33 
Cyanosis 22 6 27 
Tall V wave 27 22 81 
X-ray film 
Large RA 18 15 83 
Large RA and RV 18 4 22 
Electrocardiogram 
RBBB 24 14 58 
RBBB with left anterior 17 4 23 
hemiblock 
RBBB with left posterior 17 3 18 
hemiblock 
Atrial rhythm disturbance 22 9 41 
Cardiac catheterization 
RA-V > 8 mm Hg 24 24 100 
Ventricularized RA 24 18 75 
Increased RVEDP > 17 7 41 
6 mm-Hg 
Normal PC < 10 mm Hg 17 15 88 
Surgical findings 
Ruptured papillary 12 5 42 
muscle 
Ruptured chordae 12 7 58 
tendineae 


PC = pulmonary papillary wedge pressure; RA = right atrium; 
RBBB = right bundle branch block; RV = right ventricle; RVEDP 
= right ventricular end-diastolic pressure; V = V wave. 
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is a useful maneuver to rule out Ebstein’s anomaly.?® 
The majority of the patients tudied had a low or very 
low level of cardiac output with wide arteriovenous 
difference. 

Treatment and 1: sults: Except in rare instan- 
ces,19.17 patients with complete rupture of a tricuspid 
papillary muscle experience decompensation and die 
before diagnosis is made and operative treatment 
undertaken. Cardiac surgery was required in 14 pa- 
tients with symptoms of right ventricular failure. Al- 
though there was one operative death, no late cardi- 
ac deaths occurred in the 11 patients undergoing 
valve replacement. Of the three patients who under- 
went valvulopl>sty, on^ died at operation and one 
required reoperation. Four patients who were treated 


medically died, usually soon after the injury. Nine 
additional patients did not require surgery; seven are 
reported to have good and two to have fair compen- 
sation. 

If the patient survives the initial trauma with min- 
imal symptoms of dyspnea and fatigue it may be 
many years before surgery is required. Once these 
symptoms become progressive or additionally limit- 
ing, tricuspid valve replacement should be undertak- 
en since it can be accomplished at low level of risk 
with great benefit. 
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A 79 year old man with coronary heart disease and renal insufficien- 
cy ingested approximately 19 g of procainamide hydrochloride. The 
plasma procainamide concentration peaked at 77 mg/liter 3 hours 
after ingestion. Despite severe hypotension, intraventricular conduc- 
tion disturbances and central nervous system depression, the patient 
survived with supportive care. The serum half-life of procainamide 
was 8.8 hours throughout the first 24 hours. Renal clearance of 
procainamide was similar to creatinine clearance, but biotransforma- 
tion was most important in the elimination of the drug. Peritoneal 
dialysis contributed little to the removal of procainamide. 


Procainamide hydrochloride is a widely used and effective drug for 
the treatment of ventricular arrhythmias.!.? The usual therapeutic 
plasma concentrations of procainamide range from 4 to 8 mg/liter.?.4 
Cardiovascular toxicity can occur with concentrations as low as 10 
mg/liter and is common at concentrations above 16 mg/liter.?.4 
Plasma concentrations of procainamide between 20 and 30 mg/liter 
frequently cause serious hypotension and conduction disturbances 
and have been implicated in several deaths.?-? Recovery from plasma 
procainamide concentrations above 30 mg/liter has not been pre- 
viously reported. We recently treated a patient who survived a plas- 
ma procainamide concentration of 77 mg/liter resulting from inges- 
tion of about 19 g of the drug in a suicide attempt. 


Case Report 


A 79 year old man suffered from urethral strictures, chronic prostatitis 
and recurrent pyelonephritis for more than 30 years. Recent creatinine 
clearance values were 40 and 37 ml/min. Angina pectoris was a distressing 
symptom for more than 10 years, but no myocardial infarction had been 
documented. Ventricular premature beats were present for 2 years and had 
required procainamide therapy (1.75 g/day) for control. Mild congestive 
heart failure appeared 1 month before admission, and the patient had been 
treated with digoxin (© 125 mg/day). For several months he had become in- 
creasingly despondent over his failing health. 

At approximately ?^:00 PM on the day of admission the patient ingested 
about 75 capsules, ^^0 mg each, of the Pronestyl® brand of procainamide 
hydrochloride (18.75 g). On admission to the emergency ward at 2:45 PM 
he was lethargic, but responsive enough to give a history of the ingestion. 
Blood pressure was 95/65 mg Hg, pulse rate 80/min and regular, rectal 
temperature 35.8 C (96.4 F) and weight 68.5 kg. On cardiac examination, 
no apical impulse was felt, the first and second heart sounds were normal, 
and soft third and fourth sounds and a grade 1/6 apical systolic murmur 
were heard. Jugular venous pressure was less than 5 cm water. Physical ex- 
amination was otherwise normal. 

Urinalysis showed 3+ protein, 100 red blood cells and 4 white blood cells 
per high power field, an occasional granular cast and 2+ bacteria. Hemato- 
crit was 40 percent and leukocyte count 5,700/mm?. Serum electrolytes, 
calcium, phosphorus, albumin, globulin, bilirubin, glutemic oxaloacetic 
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On admission 





17 hours after cdmission 
FIGURE 1. Electrocardiographic strips (lead lI). 


transaminase, lactic dehydrogenase and creatine phos- 
phokinase were within normal limits. Blood urea nitrogen 
was 21 and creatinine 1.7 mg/100 ml. Plasma procainam- 
ide was 59.4 mg/liter. The chest roentgenogram was nor- 
mal. The admission electrocardiogram showed wide and 
bizarre QRS complexes with varying intraventricular con- 
duction defects (Fig. 1). 

On admission the patient vomited repeatedly. The 
vomitus contained a small amount of unrecognizable par- 
ticulate matter, but subsequent gastric lavage with 2 li- 
ters of saline solution produced no further returns of this 
matter. The patient's state of consciousness became in- 
ereasingly depressed, and 1 hour after admission his tra- 
chea was intubated and his breathing assisted with a me- 
ehanical respirator. Arterial pressure decreased progres- 
sively to 56/40 mm Hg and central venous pressure in- 
ereased to 14 cm water. There was no hemodynamic re- 
sponse to an infusion of isoproterenol at a rate of 2 ug/ 
min. Intravenous infusion of epinephrine at a rate of 4 
ug/min returned arterial pressure to 90/65 mm Hg; this 
change was accompanied by improvement in the level of 
eonsciousness. T'wo hours after admission, plasma concen- 
tration of procainamide was 77 mg/liter. In anticipation of 
possible further deterioration of atrioventricular (A-V) 
eonduction, a pacing electrode was inserted transvenously 
and connected to an external demand pacemaker. Cap- 
ture was accomplished at the right ventricular apex with a 
threshold of 0.6 milliampere (Fig. 1). High-grade A-V 
block never developed so that pacing was not required. 

Peritoneal dialysis with sorbitol solution (1.5 percent 
alternating with 4.25 percent at pH 6.8 and with 4 mEq/ 
liter of potassium chloride added) was begun with use of a 
percutaneously passed cannula 2.5 hours after admission. 
A Foley catheter was placed into the bladder, and the pa- 
tient received 80 mg of furosemide intravenously. 

Five hours after admission, the plasma procainamide 
concentration had decreased to 59 mg/liter, the patient 
was euthermic and responsive, the blood pressure was 
140/80 mm Hg and the electrocardiographic findings were 
considerably improved (Fig. 1). Seven hours after admis- 
sion, the epinephrine infusion was stopped and cardiovas- 


cular function was well maintained. Twenty-four hours 
after admission, the plasma procainamide concentration 
had decreased to 13.6 mg/liter, peritoneal dialysis was 
discontinued, and the trachea was extubated. 


Methods 


During the first 10 hours after admission, urine and di- 
alysate were collected over six time periods of various 
lengths. Blood samples were drawn at the midpoint of 
each collection period and at five other times during the 
first 24 hours. Renal clearance values were calculated for 
the periods (III to V) when urinary flow rates were greater 
than 1 ml/min. Peritoneal clearance values were calculat- 
ed for the periods (III to VI) when the patient was normo- 
tensive and euthermic. 

Procainamide concentrations in plasma, urine and di- 
alysate were measured by spectrophotometric and spec- 
trophotofluorimetric assays specific for the drug.? Blanks 
were prepared from plasma, urine or dialysis fluid. Con- 
centrations are given as procainamide base. Creatinine 
concentrations in plasma and urine were determined by 
the Jaffe reaction as modified for Technicon? auto-analyz- 
er. Procainamide does not interfere with this reaction. 
Urea nitrogen concentrations were determined in blood 
and dialysate by Technicon auto-analyzer. Values for 
peritoneal clearance of procainamide and urea were calcu- 
lated as described by Boen.® All values for procainamide 
clearance were corrected for the 15 percent binding of the 
drug to serum albumin.* 


Laboratory Results 


The plasma concentrations of procainamide during 
the first 24 hours after admission are shown in Fig- 
ure 2. The peak concentration of 77.0 mg/liter oc- 
curred approximately 3 hours after ingestion. 
Twenty-four hours after admission the plasma con- 
centration had decreased to 13.6 mg/liter. The plas- 
ma half-life of the drug remained constant through- 
out at 8.8 hours. 

Figure 3 shows the cumulative recovery of un- 
changed procainamide from urine and dialysate dur- 
ing the six collection periods. During all periods the 
dialysate contained less than 25 percent of the total 
recovered procainamide. 

The renal clearances of procainamide and 
creatinine during periods III to V are shown in Table 
I. During these periods the arterial blood pH was 
7.39, and the urinary pH ranged between 5.2 and 
5.4. Serum creatinine was stable at 1.7 mg/100 ml. 

The peritoneal clearances of procainamide 
and urea during periods III to VI are given in 
Table II. The pH of the recovered dialysate was 7.2. 
The concentration of sorbitol in the dialysis fluid 
had no important influence on urea or procainamide 
clearance values during the period of study. 


Discussion 
Cardiovascular Toxicity of Procainamide 


The toxic effects of high concentrations of pro- 
cainamide on the myocardium consist of depression 
of myocardial contractility and impairment of A-V 
and intraventricular conduction, which is reflected in 
the electrocardiogram by prolongation of the P-R 
and Q-T intervals and widening of the QRS com- 
plex.7?.5 High concentrations of procainamide can 


728 October 1973 The American Journal of CARDIOLOGY Volume 32 


MASSIVE PROCAINAMIDE INGESTION—VILLALBA-PIMENTEL ET AL. 


70 











ai 
E 
à 
= 
= © T 1/2*8.8hrs 
§ 
bs 
wy ls 
= 
= 307 
S 
o 
& 
a 
x 
x te 
6 
N 
E 
a 
40 l Pic l l f ] 
o 4 8 12 16 20 24 


TIME AFTER ADMISSION (hours) 
FIGURE 2. Plasma procainamide concentrations during the first 


24 hours after admission. 


cause complete A-V block, cardiac standstill or ven- 
tricular fibrillation.2:> Serious hypotension can result 
from peripheral vasodilatation and from decreases in 
cardiac output." 

. Our patient was both severely hypotensive and 
showed electrocardiographic evidence of marked dis- 
turbances of conduction. To correct hypotension, 
isoproterenol and, subsequently, epinephrine were 
infused intravenously. Epinephrine appeared to im- 
prove the patient's hemodynamic status. Although 
high-grade A-V block did not develop in our patient, 
the insertion of a ventricular pacing electrode is a 
reasonable precautionary procedure in patients se- 
verely intoxicated with procainamide. In contrast to 
findings in one report of quinidine intoxication, 
ventricular capture was achieved with a low thresh- 
old, suggesting that myocardial excitability was not 
greatly depressed. Even though the patient received 
effective supportive care, his survival in spite of 
serum procainamide concentrations three times 
those often associated with life-threatening toxicity 
remains surprising. It illustrates the variability of le- 
thal drug levels and the need for vigorous therapy 
even when a usually fatal dose has been ingested. 


Elimination of Procainamide 


Procainamide is a weak base with a pH of 9.4. At 
therapeutic concentrations, approximately 15 per- 
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FIGURE 3. Cumulative recovery of unchanged procainamide in 
urine and dialysate during six successive periods. 


TABLE | 


Renal Clearance of Procainamide and Creatinine 





Plasma Procain- Procainamide 
Procain- Urinary amide Creatinine Clearance/ 
amide Flow Rate Clearance Clearance Creatinine 
Period (mg/liter) (ml/min) (ml/min) (ml/min) Clearance 








Hl 67 Zak 23 21 aa | 
IV 59 1.9 36 28 1.3 
V 50 1.0 23 25 0.9 

Mean 27 25 Kł 





TABLE II 
Procainamide and Urea Clearance by Peritoneal Dialysis 











Procainamide 

Plasma Procainamide Urea Clearance/ 
Procainamide Clearance Clearance Urea 

Period (mg/liter) (ml/min) (ml/min) Clearance 
Il 67 5.1 12 0.42 
IV 59 5 12 0.48 
V 50 6.6 12 0.55 
VI 47 8.2 14 0.59 
Mean 6.4 12.5 0.51 
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cent of plasma procainamide is bound to albumin, 
and nearly 70 percent of the drug in the body is 
stored in tissues.4 In patients with normal renal 
function, between 45 and 65 percent of a dose is re- 
covered in the urine as unchanged drug.*.? An addi- 
tional 2 to 10 percent is found as p-aminobenzoic 
acid,? and recently N-acetylprocainamide and an 
unidentified compound have been reported as other 
urinary metabolites.!? The plasma half-life in pa- 
tients with normal renal function averages 3 hours.4 
The urinary elimination of procainamide is propor- 
tional to the glomerular filtration rate but is also af- 
fected by changes in urinary pH.®-11 Renal clearance 
of procainamide increases with decreasing urinary 
pH and exceeds creatinine clearance whenever the 
urine is acid. Procainamide is relatively lipid soluble 
as a free base, but the ionized form is not. Acid 
urine, therefore, leads to ion trapping of procainam- 
ide which enters the urine by passive diffusion from 
the plasma. Accordingly, renal clearance of pro- 
cainamide can be considerably increased by main- 
taining a low urinary pH and high flow rates. 

The prolonged half-life of procainamide in our pa- 
tient is consistent with his chronically impaired 
renal function. The low creatinine clearances 
early during admission (Table I) probably reflect 
further impairment of renal function due to de- 
creased renal perfusion. The renal clearances of 
procainamide and creatinine were similar, and some 
net tubular secretion may have occurred as expected 
with acid urine.1! Peritoneal dialysis contributed 
much less than renal excretion to the removal of pro- 
cainamide, in part because of the overall inefficiency 
of dialysis in our patient. Even though no technical 
difficulties were encountered, the urea clearance 
of 12 ml/min was only half the “usual” clearance 


value. The reduced rate may reflect reduced perfu- 
sion of the splanchnic vasculature because of the 
pressor therapy. In addition, the peritoneal 
clearance of procainamide was only half that of urea. 
This finding probably reflects reduced mobility of 
procainamide because of its larger molecular size and 
the lack of a significant pH gradient between blood 
and dialysate which would promote ion trapping. AI- 
though acidification of the dialysate should increase 
the peritoneal clearance of procainamide, this ap- 
proach can be hazardous. 

Bictransformation as mechanism for procainam- 
ide excretion: The apparent volume of distribu- 
tion of procainamide averages twice the body vol- 
ume.?-9 The finding in this 68.5 kg man of a peak 
plasma procainamide concentration of only 77 mg/ 
liter 3 hours after ingestion of about 18.75 g of pro- 
cainamide indicates that not all the drug was ab- 
sorbed from the intestine. Ten hours after admission 
the plasma procainamide concentration had been re- 
duced by 39 mg/liter, suggesting that approximately 
5.3 g of procainamide had been eliminated from the 
patient's body. Only 1.6 g of unchanged procainam- 
ide was recovered from urine and dialysate during 
the first 10 hours, so that about 70 percent of the 
total clearance of procainamide must have been ac- 
complished by biotransformation. This percentage is 
considerably higher than the 40 percent found in 
normal subjects,*.? and suggests that biotransforma- 
tion becomes a relatively more important mechanism 
for elimination of procainamide when renal function 
is impaired. 
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Be Measured? 
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Cardiologists experienced in the techniques of cardi- 
ac catheterization approach this procedure with 
more than usual caution in patients with tight aortic 
stenosis. This is true because of the increased risk in 
retrograde passage of the aortic catheter through a 
calcified, stenotic valve. Dislodgment of calcium 
emboli, failure to traverse the diminutive, eccentric 
orifice and the frequent production of catheter-in- 
duced arrhythmias in ventricles with hypertrophied 
walls and small cavities are commonplace in aortic 
stenosis. The alternate transseptal approach to the 
left atrium and ventricle is also risky since the left 
atrium is generally smaller in aortic stenosis than in 
mitral disease. For these reasons, it would be most 
welcome to devise a reliable, noninvasive index 
which would match in accuracy the direct measure- 
ment of the pressure gradient across the aortic valve. 

Eddleman et al.! in the June issue of this Journal 
have attempted to correlate the clinical features of 
aortic stenosis with the hemodynamic data obtained 
in these patients at cardiac catheterization. From 
their studies, it appears that one need not perform 
catheterization studies in patients who have (1) 
slow-rising carotid upstroke, (2) calcific aortic valve, 
and (3) left ventricular hypertrophy as manifested by 
a thrusting apical impulse and inverted T waves on 
the electrocardiogram. Such patients, according to 
these authors, will have a transaortic systolic ejec- 
tion gradient exceeding 50 mm Hg, and the risks of 
cardiac catheterization may be avoided in the preop- 
erative assessment of patients for aortic valve sur- 
gery. Similarly, Bache et al.? demonstrated that, if 
the aortic ejection time was not prolonged beyond 
that predicted from stroke volume, the aortic valve 
area was greater than 0.75 cm? and surgery was not 
required. 

The general experience of other investigators is 
somewhat at variance with this view. Friedman et 
al.,? utilizing serial hemodynamic observations, con- 
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cluded that symptoms, electrocardiography and 
X-ray examination correlated poorly with the 
transvalvular aortic pressure gradient. Roberts et 
al.4 pointed out that, in older patients, the presence 
of systolic hypertension and increased rate of rise of 
the aortic pressure pulse may mask the magnitude of 
the underlying calcific aortic stenosis. Cohen et al.5 
noted the poor correlation between graphic findings 
and the severity of aortic obstruction, and recom- 
mended repeat cardiac catheterization at 5 to 8 year 
intervals in asymptomatic children with mild aortic 
stenosis. Glancy and Epstein$ emphasized the need 
for catheterization in patients with aortic stenosis 
whose symptoms suggested the need for surgery, in 
order to assess the significance of associated abnor- 
malities and to evaluate the type of obstruction. It is 
widely believed that coronary arteriography should 
be performed at the time of left heart catheterization 
in patients with angina pectoris and aortic valve ste- 
nosis. 

From a purely physiologic point of view, the im- 
portance of the precise value of the aortic ejection 
gradient can be brought into question. It is generally 
accepted that the severity of aortic valve stenosis is 
best described by measuring the transvalvular gradi- 
ent, which in turn is determined by the area of the 
orifice and stroke output. However, insufficient 
stress has been placed upon variations in this gradi- 
ent resulting either from fluctuations in the contrac- 
tile state of the left ventricle or from changes in vas- 
cular resistance downstream to the valvular stenosis. 

Under the influence of a strongly positive inotropic 
intervention, such as coupled or paired pacing, a 
marked increase in the ejection gradient across a 
fixed aortic stenosis can be produced (Fig. 1). It can 
be demonstrated that this increase in the aortic 
transvalvular gradient is not entirely due to aug- 
mented stroke output. This becomes particularly ev- 
ident when one examines the gradual post-drive 
decay of the augmented pressure gradient following 
the cessation of sustained postextrasystolic potentia- 
tion. In this instance, the effect of prolongation of 
diastolic filling time in increasing the ejection gradi- 
ent can be discounted (Fig. 2). 
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FIGURE 1. The effect of coupled pacing on the ejection gradi- 

ent in fixed orifice aortic stenosis. The ejection gradient quad- 

rupled while the maximal velocity of left ventricular pressure rise 

(dP/dt) rose by 150 percent. 


In contrast, the gradient across a fixed aortic ste- 
nosis can be sharply reduced, or even eliminated, by 
introducing a second stenosis distal to the valvular 
stenosis (Fig. 3). Perloff et al.” demonstrated a con- 
sistent fall in peak aortic ejection gradient after 
graded angiotensin infusion in patients with discrete 
aortic stenosis. This increase in peripheral vascular 
resistance can be achieved without a significant 
change in stroke output.5 Manipulation of the ejec- 
tion gradient can be accomplished in either direction 
by the use of vasoconstrictor or vasodilator agents. 
The studies of McGraw et al? indicated that in- 
creased peripheral resistance induced by isometric 
handgrip exercise generally attenuated the systolic 
murmur of aortic stenosis, whereas amyl nitrite 
intensified it. It is of interest to compare these two 
mechanisms for altering the pressure gradient across 
a fixed aortic stenosis. When an acute increase in 
impedance is produced by superimposing a down- 
stream source of vascular resistance, mean aortic 
pressure increases to a significantly greater extent 
than the peak ventricular pressure, thereby reducing 
the gradient (Fig. 3). However, when contractility of 
the ventricle is enhanced by a positive inotropic 
mechanism, the mean aortic pressure remains virtu- 
ally constant, whereas left ventricular peak pressure 
increases to a greater degree, magnifying the ejection 
gradient (Fig. 1). Mason!? indicated that the posi- 
tive inotropic effect of paired pacing has been shown 
to far exceed that of an acute increase in afterload. 

In practical terms, the requirement that the gradi- 
ent exceed a fixed value before surgical correction is 
advised can lead to error. A patient with an aortic 
systolic ejection gradient of 50 mm Hg may have a 
smaller orifice than a patient with a gradient of 75 
mm Hg, if the first patient has systemic hyperten- 
sion. Similarly, the transvalvular gradient may be 
less than 50 mm Hg if a patient undergoes cardiac 
catheterization while he has congestive failure or is 
under the influence of propranolol. The aortic gradi- 
ent may prove to be far higher when compensation is 
restored or when the negative inotropic influence of 
the drug is withdrawn. Other clinical examples of 
apparent masking of an elevated transvalvular gradi- 
ent by a second, distal source of vascular obstruction 
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FIGURE 2. Coupled pacing in aortic stenosis. The increase in 
gradient is not directly related to the length of the diastolic fill- 
ing period (note the gradual post-drive decay in ejection gradi- 
ent). 


have been demonstrated in certain cases of ventricu- 
lar septal defect with pulmonary hypertension. Vogel 
and Blount!! pointed out that an unrecognized in- 
fundibular stenosis may be unmasked by reducing 
the pulmonary vascular resistance with an agent 
that dilates the pulmonary vascular tree. In addi- 
tion, it is well documented that the pressure gradient 
in idiopathic hypertrophic subaortic stenosis may be 
altered by fluctuations in the peripheral vascular re- 
sistance.1? Thus, the dependence of the pressure gra- 
dient on the downstream resistance can be demon- 
strated in fixed as well as in dynamic ventricular 
outflow obstruction.13 

It follows that an important clinical consideration 
in evaluating patients for aortic valve surgery on the 
basis of hemodynamic measurements is the contrac- 
tile state of the myocardium. In a group of patients 
with a severely loaded left ventricle studied by 
Krayenbuehl et al.,14 reduction of the contractile in- 
dexes Vmax (maximal extrapolated velocity of short- 
ening of the contractile elements) and Vpm (peak 
measured velocity of shortening of the contractile el- 
ements) was especially evident in those patients with 
aortic stenosis. A relatively low pressure gradient in 
a patient with a poorly contracting left ventricle 
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FIGURE 3. A downstream source of elevated peripheral vascu- 
lar resistance produced distal to a fixed aortic stenosis by com- 
pressing the abdominal aorta in the cog at | . The compression 
was released at * . The peak Systolic ejection gradient was re- 
Guced from 70 mm Hg to 25 mm Hg. 
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may, in fact, be associated with a smaller aortic 
valve area than that of a patient whose vigorously 
contracting ventricle leads to a high pressure gradi- 
ent across the aortic valve. This change in gradient 
need not depend upon changes in aortic flow, since 
contractility may be increased without altering car- 
diac output. The Gorlin orifice formula!* makes no 
allowance for fluctuations in ventricular contractili- 
ty. 
'These observations indicate that the ejection gra- 
dient in discrete valvular aortic stenosis is not a stat- 
ic entity that varies primarily with changes in flow. 
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The gradient may increase under the influence of 
positive inotropic interventions or decrease when pe- 
ripheral vascular resistance distal to the outflow ob- 
struction is increased, even though cardiac output 
remains relatively constant. Consideration of these 
variables can increase the reliability of the analysis 
of data obtained at catheterization. Before diag- 
nostic catheterization studies of patients with aortic 
stenosis can be abandoned, more sophisticated non- 
invasive techniques must be developed in the at- 
tempt to define optimal timing and accurate ap- 
praisal for surgical correction. 
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Allow me to make use of the privilege of ad- 
dressing you on behalf of the European Society of 
Cardiology. Every four years our Congress has the 
opportunity to review what the cardiology of the 
Continent has achieved in the preceding years. It is 
not possible in the time allotted to enumerate all the 
advances—enough to mention a few. 

In the first place, the danger and importance of ar- 
rhythmias have been fully appreciated and their 
treatment has been mastered. The successful regis- 
tration of His bundle electrocardiography with the 
established concept of hemiblock has disclosed sub- 
stantial details of the mechanism of atrioventricular 
dissociation. Improvements in pacemaker techniques 
have enabled us to create nearly perfect modern 
symbiosis of man and machine. Cardiac surgery has 
made steady progress with the help of critical evalu- 
ation of late results. It means for cardiology a contin- 
uous integration with surgery which, along with the 
basic sciences like physics and physiology, has be- 
come our close ally, closer than other medical sub- 
specialties like gastroenterology and hematology. 

In spite of these and other advances we have to 
admit, as we have repeatedly done on previous occa- 
sions, that the etiology of the main cardiovascular 
diseases like atherosclerosis and hypertension is still 
escaping us, limiting their treatment, be it as spec- 
tacular as in coronary care units, to mere palliative 
care of the last stage of the disease, which we failed 
to prevent in the victims in earlier life. Thus, to the 
questions of where we should focus our attention and 
what the priorities in cardiology are, the answer cer- 
tainly is: basic research concerning the development 
of arterial lesions, the neuro-endocrine interplay in 
hypertension, and the mechanism of contraction of 
the failing heart. Without basic research there will 
be no radical prevention or treatment. 

It has been, however, rightly pointed out that a 
large gap persists between scientific advances and 
practical cardiology, the latter lagging behind the 
progress. This is partly because of inadequate pub- 
licity of the results and the use by the scientists of 
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unreadable scientific language which deters the clini- 
cal cardiologist, and partly because of lack of person- 
al communication. At any rate, there seem to be a 
host of established facts which should by now have 
been applied to everyday practice but, for the rea- 
sons mentioned, have not yet been exploited. The in- 
adequate treatment of hypertension in the outpa- 
tient departments, the vague knowledge of car- 
diosurgical indications, and the generally conserva- 
tive attitude toward the new methods can serve as 
examples The scientific laboratory worker may 
object that it is not his concern to spread the knowl- 
edge of his own discoveries. True! But as a responsi- 
ble citizen he has to try to gain full respect and con- 
sideration for his work and his accomplishments and 
he must not remain indifferent when people are suf- 
fering and dying because of the failure of delivery of 
health care, which impedes the application of his 
discovery where it would be most beneficial. Also, as 
a physician he should feel the duty to project science 
into public economy and planning and to see that 
the public and the politicians are given the best sci- 
entific advice in the field of health care. In addition, 
he is responsible for the formation of public opinion, 
avoiding of course exaggerated claims and journalis- 
tic simplifications since the likelihood of correct 
long-term prediction is rather limited. It may be ask- 
ing too much of him, and perhaps in this age of rap- 
idly mushrooming new knowledge still another type 
of physician, someone between the scientist and the 
clinical cardiologist, a person endowed with the abil- 
ity to synthesize, with vast knowledge, experience and 
didactic skill, is needed to bridge the gap between 
scientific advances and their practical application. 
Never before was science in such a leading position 
in every facet of our life as it is today. However, con- 
sidering the present stalemate of tension and chronic 
world crisis, we must unfortunately conclude that 
science, and especially the exact and natural sci- 
ences, is not the answer to the main problem. 
Science has been said to be neither good nor bad, de- 
pending only on how it is used. And at this point it 
seems that the emotional and moral life of modern 
man has not kept abreast with his intellectual prog- 
ress, allowing technical advances to get ahead of the 
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development of human relations and social wisdom 
that should control them. 

Of all the sciences it is only medicine that rep- 
resents a unique combination of both cultural 
streams, integrating pure science with humanity in 
an inseparable unit. It is not by chance that ethics is 
so closely related and so often mentioned in connec- 
tion with medicine, although every scientist, includ- 
ing the nuclear physicist, should have his code of 
ethics. This is because medicine holds steadily in its 
hands that fragile and most precious thing, human 
life, and makes vital decisions about it, having as a 
leading purpose service to the patient in order to 
preserve his life, service which is not a scientific fact 
but a moral issue and a personal conviction. Not life 
in the abstract but the life of every human individu- 
al which is irreplaceable and unrepeatable, even 
though from other points of view it may be a useless 
and miserable life. This is why the right to health 
and to health care, enacted or not, is one of the basic 
human rights, so that the physician is dedicated to 
fight illness even in the absence of adequate scientif- 
ic evidence. Through this side of his work a physi- 
cian, because he really cares, contributes to the 
maintenance of often neglected human values such 
as intimacy and friendship, gentleness, kindness and 
compassion. 

It is good to remember what a radical deviation 
from the Darwinistic so-to-speak animal philosophy 
of struggle for life and survival of the strongest the 
concept of the right to health really is. The princi- 
ples and practice of medicine teach that it is neces- 
sary to live not only with the strongest but with the 
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feeble, the ill, the unhappy, helping to overcome in 
the best possible and most scientific way these nega- 
tive strains of human life. Not an easy task in a 
world where the majority tends rather to skim the 
cream of life than to give, and is afraid of getting in- 
volved in the suffering of other people. But without 
such a kind attitude toward every human life and 
life in general it is very difficult to win the battle 
against those destructive modern vices of nicotine, 
alcohol, drug abuse, and overeating which in reality 
stand at the root of so many cardiovascular diseases, 
and to replace them with self-discipline and self- 
imposed modesty which are essential to every type of 
prevention. It is especially the cardiologist who faces 
today the most common and most deadly disease 
and who by his work and example can disclose to his 
patients, including some very influential ones, the 
invaluable addition of the spiritual values of life to 
the mere scientific approach to the disease and to 
the man in need. We should not leave lightheartedly 
the powerful bedside rostrum, so crucial a point at 
which to relay the message of how man can be really 
man. At the top of our scientific pyramid should be 
the patient. 

From this noble country of which we are guests 
today, famous caravels sailed in the 15th and 16th 
centuries to discover new lands and horizons. East 
and West have now been discovered. We know each 
other. Let this Congress serve to launch new vessels 
for the discovery not only of the etiology of the main 
types of heart disease and of new forms of treatment, 
but also of human understanding, European unity 
and world citizenship. 
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POSTOPERATIVE VENTRICULAR SEPTAL DEFECT 


In the March 1973 issue of this Journal,1 we reported a 
case of traumatic aneurysm of the left anterior descending 
coronary artery, a coronary arteriocameral fistula into the 
left ventricle and a ventricular aneurysm, all of which 
were successfully repaired by surgery. However, a pansys- 
tolic murmur was noted the next day after operation. The 
exact mechanism of the murmur was not established at 
the time. 

Since then, the patient has undergone postoperative 
cardiac catheterization and selective angiography. A small 
anterior ventricular septal defect was detected by both 
the hydrogen electrode test? and left ventriculography; the 
magnitude of left to right shunt was calculated by oxygen 
analysis to be 1.4 to 1. 

It should be recalled that at the time of aneurysmal re- 
section the right ventricular cavity was inadvertently en- 
tered but that the defect was closed with mattress su- 
tures. One of the sutures obviously had torn through, re- 
sulting in a residual minute ventricular septal defect. 
Since the shunt was small and the patient was asymp- 
tomatic, we elected to defer surgical intervention. 

As far as we know, there has been no previous report of 
postoperative ventricular septal defect as a complication 
of ventricular aneurysmectomy.?-$ 


Tsung O. Cheng, MD, FACC 

Division of Cardiology 

George Washington University 
Medical Center 

Washington, D.C. 
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ATRIAL PACING TO CONVERT ATRIAL FLUTTER 


I was relieved to read the letter by Cheng! about rapid 
atrial pacing in conversion of atrial flutter, because I have 
found the method safe and effective. To the statistics 
quoted in Cheng’s letter, I can add 24 patients with atrial 
flutter treated by pacing of the right atrium. Two of these 
patients were converted to sinus rhythm at a pacing rate of 
100/min, and the remainder (22) were paced at a rate 
greater than the atrial flutter rate. Of these 22 patients, 13 
were converted to sinus rhythm, and 6 to atrial fibrillation 
(with a ventricular rate less than that during atrial flutter); 
in 3 patients we were unsuccessful in converting the atrial 
flutter. 

I am also perplexed as to why Rosen et al.” were so un- 
successful with this procedure. Two techniques that I 
have found very useful are (1) manipulating the catheter 
electrode to different positions within the right atrium if 
conversion is not initially successful, and (2) prolonged 
overdriving of the right atrium, for up to 15 minutes. In 
the majority of cases one or both of these maneuvers is 
necessary, and in three cases it was necessary to overdrive 
the right atrium for longer than 10 minutes before conver- 
sion occurred. 

I support the contention of Cheng and many others that 
rapid atrial pacing is a safe and effective means of con- 
verting atrial flutter and other tachycardias. 


Thomas A. Preston, MD 
Division of Cardiology 
Harborview Medical Center 
Seattle, Washington 
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Wright KE Jr, et al. 

Circulation 47:1108-18, May 73 (73 ref.) 

The His bundle electrocardiogram. MacMillan R, et al. 
Med Clin North Am 57:975-84, Jul 73 (30 ref.) 
Transvenous pacemakers in clinical practice. Smith 
WK Jr, et al. 

Med Clin North Am 57:1001-14, Jul 73 (44 ref.) 


ARTERIES 


Role of elastic tissue in cholesterol deposition in the 
arterial wall. Jacotot B, et al. 
Nutr Metab 15:46-58, 1973 (29 ref.) 


ARTERIOSCLEROSIS 


Primary hyperlipoproteinemia in infants. Fredrickson 
DS, et al. Annu Rev Med 24:315-24, 1973 (87 ref.) 
New concept on atherogenesis. Shimamoto T. 
Vasa 2:84-95, 1973 (36 ref.) 


BLOOD FLOW VELOCITY 


Photosensor methods of flow measurement in the 
microcirculation. Wayland H. 
Microvase Res 5:336-50, May 73 (29 ref.) 


BLOOD VESSELS 


Vascular hemostasis: a review. Stevens DJ. 
Am J Med Technol 39:252-7, Jun 73 (50 ref.) 


CAPILLARIES 


Capillary basement membranes and diabetic 
microangiopathy. Siperstein MD. 
Adv Intern Med 18:325-44, 1972 (74 ref.) 


CEREBROVASCULAR DISORDERS 


Cerebrovascular disease. Van Horn G. 

DM 3-46, Jun 73 (98 ref.) 

Neurovascular disorders. Donaghy RM. 

Prog Neurol Psychiatry 27:231-50, 1972 (132 ref.) 


CORONARY DISEASE 


Clinical pathologic correlations in coronary artery 
disease. Blumgart HL, et al. 

Circulation 47:1139-43, Jun 73 (35 ref.) 

A dietary approach to coronary artery disease. Mueller 
JF. J Am Diet Assoc 62:613-6, Jun 73 (12 ref.) 
Minerals in cardiovascular disease. Perry HM Jr. 
J Am Diet Assoc 62:631-7, Jun 73 (41 ref.) 
Fat-controlled diet and mortality from coronary heart 
disease. Nutr Rev 31:79-80, Mar 73 (3 ref.) 
Exercise testing and training in coronary heart disease. 
Detry JM. 

Rev Inst Hyg Mines (Hasselt) 27:5-82, 1972 (370 ref.) 


DIABETIC ANGIOPATHIES 


Capillary basement membranes and diabetic 
microangiopathy. Siperstein MD. 
Adv Intern Med 18:325-44, 1972 (74 ref.) 


ELECTROCARDIOGRAPHY 


The His bundle electrocardiogram. MacMillan R, et al. 
Med Clin North Am 57:975-84, Jul 73 (30 ref.) 


ENDOCARDITIS 


Changes in the spectrum, diagnosis and management of 


bacterial and fungal endocarditis. Kaye D. 
Med Clin North Am 57:941-57, Jul 73 (43 ref.) 


ENDOCARDITIS, BACTERIAL 


Changes in the spectrum, diagnosis and management of 
bacterial and fungal endocarditis. Kaye D. 
Med Clin North Am 57:941-57, Jul 73 (43 ref.) 


EXERCISE TEST 


——— testing and training in coronary heart disease. 
etry JM. 
Rev Inst Hyg Mines (Hasselt) 27:5-82, 1972 (370 ref.) 


EXERCISE THERAPY 


Exercise testing and training in coronary heart disease. 
Detry JM. 
Rev Inst Hyg Mines (Hasselt) 27:5-82, 1972 (370 ref.) 


HEART 


Heart: excitation-contraction coupling. Langer GA. 
Annu Rev Physioi 35:55-86, 1973 (117 ref.) 
Autoregulation of chronotropic response of the heart 
through pacemaker stretch. Pathak CL. 
Cardiology 58:45-64, 1973 (98 ref.) 

Myocardial function and anesthesia. Prys-Roberts C. 
Int Anesthesiol Clin 10:11-25, Winter 72 (21 ref.) 


HEART CONDUCTION SYSTEM 


The His bundle electrocardiogram. MacMillan R, et al. 
Med Clin North Am 57:975-84, Jul 73 (30 ref.) 


HEART DEFECTS, CONGENITAL 


Genetics of congenital heart disease. Neill CA. 
Annu Rev Med 24:61-6, 1973 (52 ref.) 


HEART DISEASES 


Non-invasive methods of cardiac diagnosis. Fowler NO. 
Adv Intern Med 18:283-301, 1972 (84 ref.) 

Beta-adrenergic receptor blocking drugs. Lawrence T, 
et al. Med Clin North Am 57:985-99, Jul 73 (65 ref.) 

Ultrasound cardiography in clinical practice. Smith WK 
Jr, et al. Med Clin North Am 57:959-74, Jul 73 (53 ref.) 


HEART FUNCTION TESTS 


Non-invasive methods of cardiac diagnosis. Fowler NO. 
Adv Intern Med 18:283-301, 1972 (84 ref.) 


HEART RATE 


Autoregulation of chronotropic response of the heart 
through pacemaker stretch. Pathak CL. 
Cardiology 58:45-64, 1973 (98 ref.) 


HYPERTENSION 


Renin and hypertension: a review article. Jones J. 
Cent Afr J Med 19:83-4 passim, Apr 73 


LYMPHATIC SYSTEM 
Lymphatic drainage of the lung in dust clearance. 


Morrow PE. 
Ann NY Acad Sci 200:46-65, 29 Dec 72 (86 ref.) 


MYOCARDIAL DEPRESSANTS 


Arrhythmias and antiarrhythmic drugs. Bigger JT Jr. 
Adv Intern Med 18:251-81, 1972 (102 ref.) 


* Citations obtained from the National Library of Medicine’s MEDLARS Retrieval Program—Bibliogra- 
phy of Medical Reviews. The first of these Bibliographies, and an explanatory editorial, appeared in 
the September 1971 issue (Amer J Cardiol 28: 366—367, 1971). 
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MYOCARDIAL INFARCT 

Pathogenesis of cardiogenic shock. II. Kones RJ. 
NY State J Med 73:1793-804, 1 Jul 73 (138 ref.) 
MYOCARDITIS 

Viral myocarditis and its sequelae. Abelmann WH. 
Annu Rev Med 24:145-52, 1973 (49 ref.) 


MYOCARDIUM 

Niacin and myocardial metabolism. 

Nutr Rev 31:80-1, Mar 73 (4 ref.) 
NOREPINEPHRINE 
The fate of noradrenaline in the sympathetic neurone. 
Axelrod J. Harvey Lect 67:175-97, 1973 (112 ref.) 


SINO-ATRIAL NODE 

Autoregulation of chronotropic response of the heart 
through pacemaker stretch. Pathak CL. 
Cardiology 58:45-64, 1973 (98 ref.) 


BOOK REVIEWS 


REVIEWS IN CARDIOLOGY 


THROMBOPHLEBITIS 


Deep venous thrombosis, II. Management. Edwards IR, 
et al. Br J Dermatol 88:207-11, Feb 73 (35 ref.) 


TRANSPOSITION OF GREAT 
VESSELS 


Anesthesia during surgery for transposition of the 
great arteries. Gattiker RI. 
Int Anesthesiol Clin 10:93-109, Winter 72 (18 ref.) 


VASOMOTOR SYSTEM 


Vascular hemostasis: a review. Stevens DJ. 
Am J Med Technol 39:252-7, Jun 73 (50 ref.) 
Local control of regional blood flow. Stainsby WN. 
Annu Rev Physiol 35:151-68, 1973 (99 ref.) 





ADVANCES IN ELECTROCARDIOGRAPHY by Robert C. 
Schlant, MD, and J. Willis Hurst, MD. New York and Lon- 
don, Grune & Stratton, 1972, 464 pages, $24.75 


A symposium held at Emory University School of Medi- 
cine in May 1971 provided the impetus for this text in 
electrophysiology and electrocardiography. Overall, this 
book is a significant addition to the growing literature in 
this area. Its strengths rest in the bringing together of out- 
standing physicians and scientists who are writing about 
the frontiers and boundaries of current knowledge. Its 
weaknesses lie in the inevitable unevenness of a multiau- 
thored text. 

The initial section on action potentials, isopotential 
surface mapping and excitation of the heart will appeal to 
basic electrophysiologists. The second section of the text 
—and the most exciting part of the book—contains a 
number of chapters devoted to the pathophysiology of 
conduction and abnormal cardiac rhythms. A discussion 
of abnormalities of sinus nodal function and QRS abnor- 
malities in atrioventricular block initiates this section. An 
extensive chapter describes how sites of atrioventricular 


conduction defects can be determined through the use of 
bundle of His electrography. Although the nomenclature 
used in this chapter is not standard, the terminology is 
easily transposed. This section also includes a chapter by 
Rosenbaum on hemiblocks, bilateral bundle branch block 
and trifascicular block. Because an understanding of the 
mechanism of both conduction and arrhythmias in the 
Wolff-Parkinson-White syndrome offers clues to other ar- 
rhythmias, a complete section of the book is devoted to 
this syndrome and includes an excellent and provocative 
chapter by James. 

As is inevitably the case when subject matter is partly 
theoretical, many questions are raised in this book that 
are not presently susceptible to answer. Whereas the stu- 
dent may find this frustrating, physicians who have made 
a more abiding study of electrocardiography and electro- 
physiology will appreciate the sophistication of this mono- 
graph. It belongs in any contemporary library of signifi- 
cant medical texts. 


Lawrence S. Cohen, MD, FACC 
Yale University School of Medicine 
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President’s Page: 


China Visit—1973 





H. J. C. Swan 


A group of American cardiologists 
visited the People's Republic of 
China from April 22 to May 6, 1973. 
The cardiologists were selected indi- 
vidually by the China Medical Asso- 
ciation, and the principal host was 
Dr. Kuo Mo-Jo, chairman of the Na- 
tional Academy of Sciences of the 
People's Republic of China. The 
American College of Cardiology was 
privileged to be the sponsoring orga- 
nization although the visit was not 
considered an overseas circuit 
course of the College. The U. S. del- 
egation was led by Dr. E. Grey Di- 
mond, past president of the Ameri- 
can College of Cardiology, and it in- 
cluded Dr. Eliot Corday, past presi- 
dent, and Drs. Donald Effler, Abra- 
ham Rudolph, Arnold Katz, Suzanne 
Knoebel, Bernard Lown and your 
current president. 

The experiences of the group were 
essentially similar to those now re- 
ported by many observers on the oc- 
casion of visits to the People's Re- 
public of China. The American cardi- 
ologists received the warmest of wel- 
comes and expressions of kindness 
and generosity. All arrangements 
within the People's Republic of China 
were made by the China Medical As- 
sociation. Senior members of the as- 
sociation welcomed the delegation in 


the different cities and answered all 
questions directed in a frank and 
open manner. One of the most im- 
portant impressions was that the re- 
sponses were direct and open. With- 
in the limits of actual knowledge an- 
Swers were as clear as possible. 

The American cardiologists con- 
ducted symposia in the cities of 
Shanghai, Peking and Canton which 
were well attended and encom- 
passed between 12 and 20 hours in 
each of the cities. In Peking, the im- 
plications of the professional state- 
ments of the visitors were discussed 
by the Chinese as a group after the 
completion of the lecture by an au- 
thoritative local cardiologist. 

The American physicians were 
genuinely impressed by the enor- 
mous strides in the fields of hygiene, 
infectious disease and improvement 
of the standards of nutrition. How- 
ever, it was rapidly apparent that our 
own specialty of cardiology does not 
enjoy a high priority in terms of na- 
tional importance at the present 
time. A high standard of internal 
medicine was evident in several of 
the major teaching and municipal 
hospitals we visited, but it was also 
evident that cardiclogy was not an 
identifiable subspecialty. The possi- 
bility of significant changes in this 
regard seems to be very real. Hyper- 
tension and coronary artery disease 
are now affecting a significant pro- 
portion of the population. In fact, the 
incidence of hypertension quoted to 
us in a factory district in Peking ap- 
peared to be similar to that seen in 
the United States. We saw nine pa- 
tients with acute myocardial infarc- 
tion in one hospital although the du- 
ration of stay in hospita! exceeded 
that usual in American or European 
institutions. Cardiac surgery in the 
adult is essentially undeveloped. 
Prosthetic heart valves, pacemaker 
implantations, cardiac monitoring 
and coronary vein bypass do not 
exist on a practical level. Although 
there is some older Swedish and 
Dutch X-ray equipment of high quali- 
ty in Peking, advanced studies on 
patients with heart disease appear to 
be extremely rare. 

In spite of the lack of these incen- 
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tives to a strong interest in modern 
cardiology, it was our impression that 
the modern Chinese physician is an 
extremely interested and able col- 
league. With the establishment of 
priorities in the field of cardiology, 
these men should progress rapidly to 
a level of professional ability equal to 
that of their colleagues in other 
countries. There is no question, how- 
ever, that both physicians and sur- 
geons would benefit considerably 
from exposure of short duration to 
physicians with specific skills of di- 
rect interest to their fields of effort. 
The genuine interest and friendship 
of the Chinese physicians as well as 
their innate industry and ability, not 
to mention technical dexterity, places 
them even now at only a very small 
disadvantage in respect to the devel- 
opment of cardiology on a high level 
in the People’s Republic of China. 

As one of the visitors who wit- 
nessed the closure of a ventricular 
septal defect under acupuncture an- 
algesia and several other operations 
besides, there are clearly some ther- 
apeutic interventions that are unique 
to modern Chinese medicine. The bi- 
ological actions of certain of the tra- 
ditional herbal medicines widely used 
in both ancient and modern China 
may provide leads to new and pres- 
ently unknown physiologic and phar- 
macologic mechanisms. For exam- 
ple, current interest in the manage- 
ment of shock after myocardial in- 
farction by reduction of afterload 
may have its paralle! in the use of 
traditional medicines in certain cardi- 
ac patients “with cold and clammy 
skin." 

The American College of Cardiolo- 
gy was privileged to participate in a 
meaningful manner in one of the ear- 
liest professional interchanges with 
the people of China. None of us were 
disappointed in our visit. The dignity 
and personal warmth traditionally as- 
sociated with the Chinese people 
was amply confirmed on numerous 
occasions. lt is to be hoped that in 
spite of the magnitude of differences 
of political ideologies existing be- 
tween our two nations that communi- 
cation with the physicians of China 
will continue to grow and develop. 


Calendar of Continuing Medical Education Programs 


The National Committee for Con- 
tinuing Medical Education, William 
Likoff, MD, FACC, Chairman, announces 
the following calendar of programs. 

Each program is designed to en- 
large knowledge and clarify the end- 
lessly changing frontiers which mark 
scientific achievements in the recog- 
nition and treatment of cardiovascular 
disease. Although the disciplined ob- 
jective of each program as well as its 
content, format and faculty are pri- 


marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of final re- 
view and approval, whether the pro- 
gram is sponsored solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
sional societies. 

Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 


COLLEGE NEWS 


gram structures vary as to methods of 
education. 

The National Committee for Con- 
tinuing Medical Education of the Col- 
lege earnestly solicits the interest of 
member and nonmember physicians 
alike in continuing education for the 
clear reason that participation provides 
a unique opportunity to deepen one's 
understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 


————————————————————————————————————————————————————————————————————————————— 


Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of Continuing 
Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


OCT. Changing Concepts and 

1-3 Methods in the Practice of 
Cardiology. Borys Sura- 
wicz, FACC and Charles 
Fisch, FACC, co-directors. 
University of Kentucky Col- 
lege of Medicine, Lexing- 
ton, Ky. 


OCT. Vectorcardiography (Ad- 

3-5 vanced). Alberto Benchi- 
mol, FACC, director. Moun- 
tain Shadows Hotel, Scotts- 
dale, Ariz. 


OCT. Newer 
11-13 


Approaches to the 
Evaluation and Treatment of 
Hypertension. Laurence A. 
Grossman, FACC, director 
and Grant  W. Liddle, 
Gottlieb Friesinger and 
John A. Oates, co-direc- 
tors. Vanderbilt University 
School of Medicine, Nash- 
ville. 


OCT. New Techniques and Con- 

12-13 cepts in Cardiology. |) Phar- 
macologic Treatment of 
Acute Myocardial Infarction. 
I!) Clinical Uses of Echo- 
cardiography. Stephen E. 
Epstein, director. Sheraton 
Park Hotel, Washington, 
D.C. 


OCT. Electrocardiographic and 
16-18 Therapeutic Problems in 
Acute Myocardial Infarction. 
William J. Grace, FACC, di- 
rector. St. Vincent's Hospital 


and Medical Center of New 
York, New York, N. Y. 


OCT. Heart Disease 1973: Practical 
18-20 Diagnosis and Management. 
John Ross, Jr., FACC, direc- 
tor and Richard A. Carleton, 
FACC and Robert A. 
O'Rourke, FACC, co-direc- 
tors. Town and Country Ho- 
tel/Convention Center, San 


Diego, Calif. 

OCT. 31- Cardiac Pacing. Doris J. W. 

: NOV. 2 Escher, FACC and Seymour 

Furman, FACC, directors. 
New York Hilton, New York, 
NY. 

NOV. Cardiology 1973. T. K. Lin, 

2-4 FACC, director. Sheraton 
Waikiki Hotel, Honolulu. 

NOV. Cardiology for the  Con- 

5-14 sultant: A Clinician's Retreat. 
E. Grey Dimond, FACC, di- 
rector. Rancho Santa Fe 
Inn, Rancho Santa Fe, Calif. 

NOV. Clinico-Pathologic Correla- 

27-29 tions in Cardiovascular 
Disease. William C. Roberts, 
FACC, director. Confer- 
ence Center, Williams- 
burg, Va. 

DEC. Advances in Heart Disease 

7-9 1974. Dean T. Mason, FACC, 


director. San Francisco Hil- 
ton, San Francisco, Calif. 


DEC. Colloquia in Cardiology: 

12 Number 6—Electrophysio- 
logic Bases for Clinical Ar- 
rhythmias. Robert W. Oblath, 
FACC and Ronald Danzig, 
FACC, directors. Ambassa- 
dor Hotel, Los Angeles, 
Calif. 


DEC. The William Likoff Sympo- 

13-16 sium: Recent Advances in 
Cardiovascular Disease. 
Henry -!. Russek, FACC, di- 
rector. New York Hilton, 
New York, N. Y. 


1974 


JAN. Core Curriculum: Echocardi- 

? ography. Arthur D. Hagan, 
director. U. S. Naval Hospi- 
tal, San Diego, Calif. 


JAN. Non-Invasive Methods in 

10-12 Cardiac Diagnosis. Ernest 
Craige, FACC, director. Uni- 
versity of North Carolina 
School of Medicine, Chapel 
Hill, N. C. 


JAN. Core Curriculum: Cardio- 

11-13 vascular Physiology: Clinical 
Utilization of Invasive and 
Non-Invasive Measurements. 
William W. Parmley, FACC, 
James S. Forrester and H. J. 
C. Swan, FACC, directors. 
Riviera Hotel and Country 
Club, Palm Springs, Calif. 
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. JAN. 
13-15 


FEB. 
11-14 


FEB. 
15-16 


MAR. 
18-22 


MAR. 
21-23 


MAR. 
25-27 
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The Cardiac Care Unit in 
1974—Integrated Medical- 
Surgical Care in Acute Coro- 
nary Artery Disease. John H. 
K. Vogel, FACC, director. 
Opticon Theater, Snowmass 
at Aspen, Aspen, Colo. 


Twenty-third Annual Scien- 
tific Session. H. J. C. Swan, 
FACC, president. Americana 
Hotel and New York Hilton, 
New York, N. Y. 


1974 Reconvened Annual 
Scientific Session. Carlos E. 
Bertran, FACC, director. 
Americana of San Juan, 
P. R. 


Consultant's Course in 
Cardiology. Simon Dack, 
FACC, director. Mt. Sinai 
Medical Center, New York, 
N.Y. 


Core Curriculum: Pathology 
of the Heart. Maurice Lev, 
FACC, director. Palmer 
House, Chicago, Ill. 


Electrocardiographic Inter- 
pretation of Arrhythmias: 
A Physiological Approach. 
Charles Fisch, FACC, direc- 


MAR. 
27-29 


APR. 
1-10 


APR. 
3-5 


APR. 
4-6 


APR. 
22-25 


tor. Indiana University Med- 
ical Center, Indianapolis. 


High Blood Pressure— When 
and How To. Robert S. Eliot, 
FACC, director. Gerald L. 
Wolf and Frank Land, co- 
directors. University of Ne- 
braska Center for  Con- 
tinuing Education, Omaha, 
Nebr. 


Cardiology for the  Con- 
sultant: A Clinicians Re- 
treat. E. Grey Dimond, 
FACC, director. Rancho 
Santa Fe Inn, Rancho Santa 
Fe, Calif. 


Core Curriculum—Vector- 
cardiography (A Basic Work- 
shop). Alberto Benchimol, 
FACC, director. Scottsdale 
Hilton Hotel, Scottsdale, 
Ariz. 


Advances in Clinical Car- 
diology. Lawrence S. Cohen, 
FACC, director. Yale Uni- 
versity School of Medicine, 
New Haven, Conn. 


Current Concepts in Cardi- 
ology—1974. Philip R. Akre, 
director. Grand Hotel, Las 
Vegas, Nev. 


MAY 
6-8 


MAY 
9-11 


MAY 
15-17 


17-19 


23-25 


JUNE 


The Treatment of Coronary 
Syndromes. J. Willis Hurst, 
FACC, director. Royal 
Coach Motor Hotel, Atlanta, 
Ga. 


The Ventricular Ectopic Beat: 
Heart-throb or Harbinger of 
Death. Bernard Tabatznik, 
director. Urban Life Center, 
Columbia, Md. 


Clinical Auscultation of the 
Heart. W. Proctor Harvey, 
FACC, director. Georgetown 
University School of Medi- 
cine, Washington, D. C. 


Core Curriculum: Rational 
Drug Therapy in  Cardio- 
vascular Disease. Robert J. 
Lee, PhD., director. The 
Nassau Inn, Princeton, N. J. 


Cardiologist's Appraisal of 
Cardiac Surgery. Arthur 
Selzer, FACC, director. St. 
Francis Hotel, San Fran- 
cisco, Calif. 


Core Curriculum in Echocar- 
diography: New  Develop- 
ments in Cardiac Ultrasound. 
Arthur D. Hagan, director. 
Town and Country Hotel, 
San Diego, Calif. 








ACC 23rd ANNUAL SCIENTIFIC SESSION 


New York, New York 


è Technical Exhibits 
Deadline for requests for space: October 12, 1973 


e Scientific Exhibits 
Deadline for requests for space: October 15, 1973 


e Cardiovascular Films 


February 11-14, 1974 


Deadiine for submission: November 1, 1973 


* Young Investigators' Awards Competition 
Entries must be postmarked no later than November 1, 1973 


For application forms, write Patrick A. Ziarnik, Director, Annual Scientific Session 
Department, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 
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HEART HOUSE Founders and 
Benefactors As of July 20, 1973 


Heart House Founders are those 
individuals, companies or foundations 
who have pledged to contribute a 
minimum of $1,000 for the Building 
Fund of the American College of 
Cardiology HEART HOUSE project. 
Heart House Benefactors are those 
pledging a minimum of $3,000. 


Founders as of July 20, 1973 

Crawford W. Adams, MD 

Nashville, Tennessee 

Pierre-Paul Allard, MD 

Hull, Quebec, Canada 

Mr. Joseph Allen 

Miami Beach, Florida 

American Optical Corporation (Divi- 
sion of Warner-Chilcott Lab.) 

Framingham, Massachusetts 

Arthur M. Anderson, MD 

Bellevue, Washington 

The Robert & Ellen Bach Foundation, 
Inc. 

New York, New York 

Mr. Albert M. Baer 

New York, New York 

George W. Barclay, Jr., MD 

Beaumont, Texas 

Joseph Beinstein, MD 

Arlington, Virginia 

Mr. Robert Benjamin 

New York, New York 

Paul G. Bigler, MD 

New York, New York 

Ms. Blanche Bloomberg 

Sherman Oaks, California 

Don G. Bock, MD 

Fort Dodge, lowa 

Patrick J. Bowen, MD 

Falls Church, Virginia 

John R. Bumgarner, MD 

Greensboro, North Carolina 

Fred V. Cerini, MD 

Hollywood, California 


Charities Foundation 
Toledo, Ohio 


Clifford B. Cherry, MD 
Los Angeles, California 


Thomas E. Collins, MD 
Venice, Florida 

Rudolf A. Colmers, MD 
Savannah, Georgia 

G. Daniel Copeland, MD 
Memphis, Tennessee 


Eliot Corday, MD 
Los Angeles, California 


Charles L. Corradino, MD 
Hamden, Connecticut 
David W. Cundey, MD 
Augusta, Georgia 

Paul E. Cundey, Jr., MD 
Augusta, Georgia 
Hughes W. Day, MD 
Kansas City, Kansas 
Ralph M. Denham, MD 
Louisville, Kentucky 

E. Grey Dimond, MD 
Kansas City, Missouri 
Max E. Earl, MD 
Kokomo, Indiana 

Hamel B. Eason, MD 
Memphis, Tennessee 

Dr. & Mrs. Marc Eckstein 
Poughkeepsie, New York 
Mahmood A. Fard, MD 
Elgin, Illinois 

Charles Fisch, MD 
Indianapolis, Indiana 
Eugene J. Fischmann, MD 
Chevy Chase, Maryland 
Donald R. Fitch, MD 
Glendale, California 
Stanley A. Forwand, MD 
Cambridge, Massachusetts 
Joseph E. Glassberg, MD 
Miami, Florida 

Jack G. Gracey, MD 
York, Pennsylvania 


Henry Green, MD 
Maplewood, New Jersey 
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Laurence A. Grossman, MD 
Nashville, Tennessee 


Mr. Robert J. Gurney 

New York, New York 
Arthur D. Hagan, MD 

La Jolla, California 
Robert J. Hall, MD 
Houston, Texas 

Raymond Harris, MD 
Albany, New York 

Alfred S. Hartwell, MD 
Honolulu, Hawaii 

William R. Hayden Foundation 
El Monte, California 

Otto Hochstadt, MD 
Boston, Massachusets 
William M. Hughes, MD 
West Newton, Pennsylvania 
Jack D. Hull, MD 
Champaign, Illinois 
Stephen N. Jones, MD 
Rockville, Maryland 
William B. Knapp, MD 
Evergreen Park, Illinois 
Suzanne B. Knoebel, MD 
Indianapolis, Indiana 

John S. LaDue, MD 

New York, New York 
Landegger Foundation, Inc. 
New York, New York 


Ernest N. Landy, MD 


Hasbrouck Heights, New Jersey 


Richard S. Levine, MD 
Brooklyn, New York 
Philip H. Livingston, MD 
Chattanooga, Tennessee 


Patrick J. McCormick, MD 
Palos Heights, Illinois 


Mr. Charles E. McDonough 
Hartford, Connecticut 
Ernest G. McEwen, MD 
Evanston, Illinois 


Henry D. McIntosh, MD 
Houston, Texas 
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William M. Madison, Jr., MD 
Jacksonville, Florida 


Stelio Mangiola, MD 
Morristown, New Jersey 


Jack F. March, MD 
Algoma, Wisconsin 


E. Edwin Martin, MD 
York, Pennsylvania 


Robert H. Mitchell, MD 
Plainview, Texas 


Michael B. Mock, MD 
North Canton, Ohio 


Mark F. Moots, MD 
Canton, Ohio 


Ralph F. Morton, MD 
Kingsport, Tennessee 

A. Paul Naney, MD 

Flora, Illinois 

Robert W. Oblath, MD 
Sherman Oaks, California 
William Osheroff, MD 
Aberdeen, Washington 
Julius G. Ottenheimer, MD 
New York, New York 
Fred D. Ownby, MD 
Nashville, Tennessee 
Otto A. Papp, MD 
Houston, Texas 


Mr. & Mrs. Sydney Paul 
Stamford, Connecticut 


Mr. Richard Morris S. Pendleton 


Cambridge, Massachusetts 
O. W. Pflasterer, MD 
Coulterview, Illinois 

Gerald D. Pierre, MD 
Port-au-Prince, Haiti 

C. McGavock Porter, MD 
Montgomery, Alabama 


Mr. Barnet M. Putterman 
New York, New York 


Collin P. Quock, MD 

San Francisco, California 
Ely Driver Rowland, MD 
Hot Springs, Arkansas 
Mr. Harold J. Ryan 
Miami Beach, Florida 


Thomas J. Ryan, MD 
Boston, Massachusetts 


C. Russell Shetterly, Esq. 
Denver, Colorado 


Emanuel M. Sickel, MD 
Lakewood, New Jersey 


Jack M. Silvers, DO 


Cornwells Heights, Pennsylvania 
Dr. & Mrs. William A. Sodeman 


Medford Lakes, New Jersey 
Alfred Soffer, MD 
Glenview, Illinois 

Robert J. Sorensen, MD 
Rio Grande, New Jersey 
Bill D. Stout, MD 

Anniston, Alabama 

Ramon M. Suarez, MD 
Santurce, Puerto Rico 
Frank J. Talbot, MD 
Marlow Heights. Maryland 
Jetson P. Tatum, MD 
Meridian, Mississippi 
Warren J. Taylor, MD 
Winchester, Massachusetts 
Clarence S. Thomas, Jr., MD 
Nashville, Tennessee 

Fred F. Tirella, MD 

Bristol, Connecticut 

Irvin Ungar, MD 

Long Beach, California 
Donald G. Usban, MD 
Newville, Pennsylvania 

A. Earl Vivino, MD 
Washington, D. C. 
Warner-Chilcott Laboratories 
Morris Plains, New Jersey 
Sylvan L. Weinberg, MD 
Dayton, Ohio 

Samuel A. Weisman, MD 
Los Angeles, California 
Arthur V. Whittaker, MD 
Poland, Ohio 

Andrew G. Wilson, MD 
Lathrup Village, Michigan 
Travis Winsor, MD 

Los Angeles, California 
Kurt Zinner, MD 

Wellsville, New York 


Harry F. Zinsser, MD 
Gladwyne, Pennsylvania 





Benefactors as of July 20, 1973 


William B. Abrams, MD 
South Orange, New Jersey 


444 October 1973 The American Journal of CARDIOLOGY Volume 32 


Aaron M. Becker (Estate of) 
New York, New York 
Ciba-Geigy 

Summit, New Jersey 

Mr. John D. Clark 

Santa Ana, California 

John J. Curry, MD 

Silver Spring, Maryland 

Dr. & Mrs. Simon Dack 
New York, New York 

R. O. Davies, MD, PhD 
Montreal, Quebec, Canada 


Leonard S. Dreifus, MD 
Philadelphia, Pennsylvania 


Tom W. Duke, MD 

Amarillo, Texas 

Dr. & Mrs. Donald A. Dupler 
Bryn Mawr, Pennsylvania 


Dr. & Mrs. George C. Griffith 
La Canada, California 


Rolf M. Gunnar, MD 
Riverside, Illinois 

Dr. & Mrs. Dwight E. Harken 
Boston, Massachusetts 
Jerome L. Johnson, MD 
Claremont, California 

Korein Foundation 

Mr. & Mrs. Isidor Korein 
New York, New York 

Eli Lilly & Company 
Indianapolis, Indiana 

Mrs. Dorothy Long 

Garden City, Long Island, New York 
Martin J. McNulty (Estate of) 
Chicago, Illinois 

B. L. Martz, MD 

Kansas City, Missouri 

Chris Papadopoulos, MD 
Baltimore, Maryland 

Pew Memorial Trust 
Philadelphia, Pennsylvania 
Prudential Overall Supply 
Santa Ana, California 

Henry |. Russek, MD 

The Russek Foundation, Inc. 
Staten Island, New York 


Robert E. Scherb, MD 
Bakersfield, California 


Standard Brands Incorporated 
New York, New York 


H. J. C. Swan, MD, PhD 
Los Angeles. California 


/\ drops of water 
bes help make 


-~ COLACE the 
most widely used 
stool softener. 
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9  COLACE works by stool-softening action alone, free from laxative 
stimulation. Simply by letting natural intestinal water permeate stools, 
vets COLACE helps to eliminate the hard, dry stools common to constipation. 


dioctyl sodium sulfosuccinate COLACE works to prevent pain and straining at stool with minimum 
chance of griping or cramps, particularly in patients with delicate 
anorectal disorders. COLACE is safe and non-habit forming in short- or 
long-term therapy. COLACE —the simple water way to ease constipation 
from infancy to old age. Capsules, syrup or liquid. 
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4 reasons why you should continue 
to recommend Fleischmanns Margarine as 


part of a low saturated fat diet. 


100% corn oil. 






Clinical studies show corn oil is unsurpassed among 


vegetable oils in lowering serum cholesterol. 


For years you ve known about the excellent P/S ratio 
of Fleischmann's? Margarine; it's high in polyunsat- 
urates, low in saturated fat. Fleischmann's is made from 
100% corn oil; almost one cup is important liquid corn 
oil. And clinical tests have shown corn oil is unsurpassed 
among vegetable oils for lowering serum cholesterol.1-9 
And because Fleischmann's is made from 100% corn 
oil, it tastes delicious. 

It is reported that the natural plant sterols of corn oil, 
in addition to its excellent P/S ratio, may play an 
important role in corn oil's hypocholesteremic effect. 


Each pound contains almost 
one cup liquid corn oil. 
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Makes sensible eating delicious. 


Studies indicate that natural plan: sterols exert an 
independent suppressant effect on serum cholesterol.6,7,10 
Corn oil has a higher content of these sterols than 
other commonly used vegetable oils. This unique 
combination of factors, P/S ratio and plant sterols, is 
believed responsible for corn oil being unsurpassed in 
lowering serum cholesterol.45 

Fleischmann's Margarine can be recommended 
with confidence for low cholesterol/low saturated fat diets 
because it is made from 100% corn oil. Fleischmann's 
makes sensible eating delicious. 
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And one coupon to get 
our free booklets to help your patients 


stay on that diet. 





Tasty, nutritious and interesting 
dishes prepared without salt. 


- Model low saturated fat menus, delicious 
recipes, calorie-controlled diets. 


Fleischmann's Margarine 
P.O. Box 1422 
Elm City, N.C. 27822 


Please send me informational, recipe and menu booklets 
to augment my instructions to patients. (Check Booklets Desired) 





— — —"Dietary Control of Cholesterol" 

— — —"Low-Sodium Diets Can Be Delicious” 

"The Prevention of Heart Disease Begins in Childhood" 

(A handy reorder card for quantity requests will be sent with each booklet.) 


The importance of 
a good diet at all 
ages. Foods listed b 

‘saturated fat content 
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NOW YOU CAN PARTICIPATE 
IN A MONTHLY MULTIMEDIA PROGRAM 
EXCLUSIVE TO THE FIELD OF CARDIOLOGY 
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HYPERTENSION 


HEART DISEASE 
DIABETES 


ELEVATED 
CHOLESTEROL 


You have your own therapeutic regimen to reduce these 
risk factors—the “Big Four" accelerators of stroke. 


and TIAs-the Prophetic Fifth Horseman 


Transient Ischemic Attacks 
(TIA’s) are another signal of im- 
pending stroke that is particularly 
ominous. In fact, 33% of patients 
with TIA’s will develop a severe 
neurological deficit within 5 years. 

For such patients, PAVABID* 
(papaverine HCl) vasodilatation 
helps to preserve cerebral circula- 
tion. By reducing arterial tone, 
Pavabid therapy helps block 
vasospasm that can result in 
neurological damage. 


a -Medical Neurology 


PAVABID 


. (papaverine HCI, 


150 mg.) 
Plateau CAPS? 


Pavabid® Plateau CAPS® (Papaverine HCI, 
150 mg.)—Each capsule contains papaverine 
hydrochloride, 150 mg. in a special base for 


jaldallalalel=te age oc pdicatons: 


ischemia associated with arterial spasm and 
myocardial ischemia complicated by arrhyth- 
mias. Dosage: One capsule every 12 hours 

In difficult cases, administration may be in- 
creased to one capsule every 8 hours, or two 
capsules every 12 hours. Precaution: Use with 
caution in patients with glaucoma. Hepatic 
hypersensitivity has been reported with gastro- 
intestinal symptoms, jaundice, eosinophilia 
and altered liver function tests. Discontinue 
medication if these occur. Side effects: 
infrequently reported side effects of papaverine 
include nausea, abdominal distress, anorexia, 
constipation, malaise, drowsiness, vertigo, 
sweating and headache, diarrhea and skin rash. 


Another patient benefit product from 
PHARMACEUTICAL DIVISION 
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Vitatron Medical 
offer you 100 % pacemaker 
analysability 
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Ubiquitous. 
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GE Patient Monitoring 
Systems respond to 
multiple-location 
demands. 


Ubiquitous, the quality of being 
present everywhere, aptly 
describes General Electric 
monitoring systems. Modular 
design and mobility offer ease 
of positioning and flexible use 
at any location. 


In critical care areas where 
expansion is anticipated, GE 
provides both basic and 
optimum ICU/CCU configura- 
tions. Modules can be 
combined to meet growth 
requirements. The choice of 
monitored parameters is also 
flexible. These can include 
ECG, EEG, heart rate, blood 
pressure, respiration, tempera- 
ture and pulse. An arrhythmia 
monitor and a D-C defibrillator 
complete the system. 


A mobile system best 
exemplifies the ubiquity of GE 
monitoring capability. This 
cart-mounted unit can serve 


in any critical care or emer- 
gency situation where mobility 
and monitoring flexibility are 
essential. The system supple- 
ments any fixed monitoring 
installation, and can be used 

in outpatient or overload areas. 


In the O.R., GE's surgical 
monitoring system positions all 
modules atop a mobile 5-foot 
stand, with all power cables 
and signal leads contained 
within the single-support 
column, exiting at the base. 
The result is less clutter, more 
elbow room for the O.R. team, 
and no monitors too near the 
sterile field. For added safety, 
ECG, EEG and pulse amplifiers 
are optically coupled to 
preclude shock hazards. 





When the patient is ambulatory, 
GE Telemetry can monitor 

and transmit ECG data to the 
nurse station from remote 
locations. This expanded 
monitoring capability enables 
you to evaluate heart activity 
during the still- crucial period 
prior to patient release. 


The tiny transmitter accepts 

2 GE Daisy or pre-jelled Daisy 
electrodes for high signal 
fidelity. It can transmit con- 
tinuously for 7 days or more 
on a miniature battery. 


Learn how GE's ubiquitous 
monitoring systems can 
maximize the efficiency of your 
monitoring equipment needs. 
See your GE representative. 
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GE leasing and service plans 
are ubiquitous, too. 


GE leasing plans can conserve 
capital, freeing it for invest- 
ment in other ways. 
Maxiservice®, the true-lease 
and maintenance plan, 
incorporates emergency 
service, including all parts and 
labor. Even insurance. Ata 
budgeted monthly fee. 


And you can guard against 
obsolescence by upgrading to 
new equipment when you 
desire. Equipment such as the 
Patient Data System. a third 
generation monitoring concept 


which integrates a computer 
as an extension of basic 
processing capability. But 
unlike computer-dependent 
systems, PDS allows you to 
derive patient information 
without the computer. The 
result is a flexible system to 
meet immediate monitoring 
requirements, and extremely 


sophisticated long-term needs. 


A word about the monitoring 
service teams. They're part 
of a nationwide group that 
receives intensive training on 
monitoring equipment exclu- 
sively. These men participate 
in on-going training, both in 
the field and periodically at 


GE's Medical Systems Institute. 


A full range of leasing and 
service plans. The top service 
group in the industry. It's the 
kind of total commitment no 
other monitoring systems 
supplier can rival. 


General Electric 
Medical Systems, 
Milwaukee, Toronto, 
Liege 
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Ready This Fall 


THE AMERICAN JOURNAL OF CARDIOLOGY 


5 YEAR CUMULATIVE INDEX* 


Covers all material published in THE AMERICAN JOURNAL OF CARDIOLOGY from 
January 1968 through December 1972. 


e CLINICAL STUDIES 


e EXPERIMENTAL STUDIES 
e SYMPOSIA 
e REPORTS ON THERAPY 
e REVIEWS 
e SEMINARS 
e CASE REPORTS 
e DIAGNOSTIC SHELF 


e HISTORICAL MILESTONES 


Includes Author Index—and—Subject Index 


All subjects are cross indexed for quick and easy reference 


*There is a limited supply of the 10 Year Cumulative Index available—January 1958 through 
December 1967. —Price $10.00. While supply lasts order both for only $15.00. 


Please use order form below. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P. O. Box 1172, Radio City Station, New York, N. Y. 10019 


Send me THE AMERICAN JOURNAL OF CARDIOLOGY Cumulative index or indexes 
as checked below. 


Enclosed is my check for $8 | ] for 5 YEAR CUMULATIVE INDEX 1968-1972 
Enclosed is my check for $10 [ ] for 10 YEAR CUMULATIVE INDEX 1958-1967 
Enclosed is my check for $15 | | for both the 5 and 10 YEAR CUMULATIVE INDEXES 
Name 


Address 


Cy a o Ema a o aa ISigte ast ek — c. (2n 


Please add appropriate sales tax if in New York State and New York City 
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HP LEADERSHIP . . . IN PRACTICE 


We teach 
confidence. 


Our instruction to nurses in patient 
monitoring covers far more than simply 
which button to push and knob to turn. 
We start by explaining the way our 
instruments measure the patient's ECG, 
heart rate, blood pressures, arrhythmias. 
What the instruments tell her . . . as 
well as what they can’t tell her. Why a 


monitored patient can become 
“electrically vulnerable” and what to do 


about it. Effective ways to recognize 
and deal with muscle artifacts, electrical 
noise and poor signal quality. How to 
help the patient understand “what all the 
wires are for" . . . and why the 

equipment helps in providing better, more 


complete patient care. 

We do our utmost to give her a clear 
understanding of the “why” of monitoring 
— so she can use our instruments 
confidently, fully and safely. We spend 
between 3000 and 4000 hours a year 
doing such teaching, in about 400 
hospitals in the U.S. alone. 

When you're choosing a monitoring 
system, consider the quality of instruction 
your nurses will receive. The effect it 
has on patient care can be as important as 


the quality of the equipment itself. 
Hewlett-Packard, Waltham, Mass. 02154. 
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Principle is Basic. 
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ANTACID SUSPENSION 


Lowest 
sodium 
content 
of the 
leading 
antacids” 


Pleasant, fresh 
mint-like taste 


Consistently 
effective 


RIOPAN 


Brand of 


magaldrate 


Also available in 
Chew and Swallow Tablets 


Ayerst. AYERST LABORATORIES 
L J New York, N.Y. 10017 
*Adapted from Penna, R. P.: Antacids, in Hand- 


book of Non-Prescription Drugs, Washington, 
D.C., American Pharm. Assn., 1971 Edition, p. 7. 


7229 





Its Complications 


Sophisticated. 


New 2nd Edition! THE CARDIAC ARRHYTHMIAS. 
Clarity and simplicity applauded in the first edition are 
retained in this new work. Anatomic, physiologic, 
electrocardiographic and clinical facts necessary to 
make a certain diagnosis or group of diagnoses, are 
presented in critical detail. Each organization pro- 
gresses from the simple to the complex facilitating 
quick, efficient referral. By BRENDAN PHIBBS, 
M.D., F.A.C.P., F.A.C.C.; with a contribution by 
GORDON A. EWY, M.D., F.A.C.C. August, 1973. 
206 pages plus FM I-VII, 7" x 10”, 264 illustrations. 
Price, $ 7.50. 


A New Book! COMPLICATIONS AND LEGAL 
IMPLICATIONS OF RADIOLOGIC SPECIAL PRO- 
CEDURES. Invasive techniques have brought about 
great strides in diagnosis, but they also carry the 
danger of grave complications. This new volume 
focuses squarely on possible complications involved 
with special radiographic procedures. Taking each of 
the most common procedures, the authors discuss it 
in detail, advising the reader of precautions, injection 
sites, danger signals, and how to immediately handle 
complications when they do occur. An important 
section reports the legal implications of special 
procedure complications. By 7HOMAS F. MEANEY, 
M.D.; ANTHONY F. LALLI, M.D.; and RALPH J. 
ALFIDI, M.D.; with 15 contributors. May, 1973. 207 
pages plus FM I-XII, 6%” x 9%”, 51 illustrations. 
Price, $18.50. 


New 4th Edition! CARDIAC ARREST AND RESUS- 
CITATION. This new edition begins with a combined 
discussion of etiology and prevention, then thor- 
oughly examines modern treatment methods. New 
material on cardiogenic shock, arrhythmias, ven- 
tricular fibrillation, and pediatric resuscitation relate 
the latest corrective measures. By HUGH E. 
STEPHENSON, Jr., A.B., B.S., M.D., F.A.C.S.; with 
28 contributors. In preparation. Ready in April, 
1974. 
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The Medisystems Cardiac Event Recorder eliminates scanning 


We went right to the heart of the 
problem. The result? A cardiac event 
recorder that eliminates all the 
drawbacks of conventional Holter 
monitoring equipment. 

The Medisystems™ unit combines a 
mini-cassette recorder with a remarkably 
new and innovative cardiac data 
processor. À unit that's ultra-compact, 
light as a feather, and practically 
unobtrusive. It's worn at the waist and 
connected to the patient by a modified 
Vi electrode configuration. And may be 
worn any length of time. But the 
feature that really makes the 
Medisystems™ Cardiac Event Recorder 
unique is its ability to analyze and record 
all arrhythmias and conduction defects. 
And since only abnormal cardiac 
activity triggers the recorder, it's not 
necessary to record hours of normal 
sinus rhythm. Even artifacts are 
discriminated by the equipment. 

The system also includes a Tape 
Playback Unit that enables the physician 
to transcribe the tapes and obtain an 
ECG printout without sending the tape 
to be scanned. Instant replay that permits 
immediate evaluation. 

For additional information, literature or 
an actual demonstration .. .call or write 
us today. 


P 3 

eda MEDISYSTEMS™ from 
Mediscience Technology Corp 

25 Lees Avenue / Collingswood, N J 08108 

Phone: (609) 858-8811 
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from cheating themselves. 


Most salt substitutes have an unpleasant metallic aftertaste. 
Not Adolph's. It really seasons like salt. It's granulated, too. Comes 
in a shaker bottle. So it looks and sprinkles like salt. The flavor won't 
fade in cooking, either. And it contains mono-potassium glutamate 


to enhance the natural flavor of food. 


Adolph's Salt Substitute contains less than 1 mg. of sodium per 
teaspoon, and it's a valuable source of supplemental potassium. 


It's sold at food stores in two varieties — 
Regular: Potassium chloride, glutamic acid, mono-potas- 
sium glutamate, silicon dioxide, tartaric acid, potassium 
iodide .0196. 
Seasoned: Potassium chloride, sugar, spices, mono-potas- 
sium glutamate, glutamic acid, silicon dioxide, tartaric acid, 
vegetable oil. 


For free physician's samples, write to Adolph's Ltd., P.O. Box 


828, Dept. SM, Burbank, California, 91503. 





FLOW 
PROBES 


for 


for clinical 
applications 


* Designed for clinical O.R. 
or cath lab use 


€ Easily applied handle- 
type probe 


€ Patient safety assured 
through isolation circuitry 


€ Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 





clinical 
applications 


€ Convenient, handle-ty pe 
probe with positive 
capture slide 


* Designed for O.R. and 
cath lab use 


9 For rapid analysis of 
flow through exposed 
blood vessels 


€ Use with Biotronex 
clinical blood flowmeter 





FLOW 
PROBES 


peie 


® Use with heart-lung 
machine, artificial kidney 
or similar systems 


* Iron core construction 
provides high sensitivity 
and accuracy 


€ Operates with BLI 
research and clinical 
blood flowmeters 


@ Available in sizes to fit 
most tubing 





Biotronex Laboratory, INC. 6153 Brookville Road Silver Spring, Maryland 20910 Phone: 301/588-8400 
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Even Sherlock Holmes 
would envy the deductive 
ability of this unique 
cardiac care product. 
The Medisystems™ Cardiac 
Analyzer. A complete 
arrhythmia detection 
system for the ICU/CCU. 
Conventional cardiac 
monitoring products are 
limited to detecting only 
ventricular arrhythmias. 
The Medisystems™ 
Cardiac Analyzer is an 


unprecedented innovation . . . 


designed to detect and 
analyze all arrhythmias 
and conduction defects. 


How does it work? 

The Medisystems™ Cardiac 
Analyzer contains an 
electronic processor 

which automatically and 
continuously evaluates 

the heart's electrical 
activity. When an 
abnormality is detected, 
an audible alarm is 
sounded and a series of 
indicator lamps show 
which normal ECG 
parameters have been 
exceeded. A self-contained 
strip recorder then prints 
out the data stored in the 
unit's Electronic Memory 
Bank..Case solved. 


Installation is simple, 
inexpensive and fast. 
Elementary? Just about. 
In fact, all that's 


required for installation 
is a table or counter and 
110 volt electrical 
service. Costly 
elaborate construction 
is unnecessary. 


Unique features 


eliminate repetitive 
and false alarms. 
The Automatic Edit 
reduces annoying 
repetitive alarms from 


recurring arrhythmias. 


The equipment also 


discriminates artifacts. 









The Medisystems™ Hospital 
Cardiac Analyzer is 
available in single units 
(Model 300HS) for the 
individual patient or in 
console form (Model 400HC) 
for multiple patients. 
Versatility permits 
transmission of patient 
signals by telemetry or 
hard-wiring. 

For additional information 

or literature, phone or write: 


4i. MEDISYSTEMS™ 
il from Mediscience 

Technology Corp. 
25 Lees Avenue 
Collingswood, N.J. 08108 
(609) 858-8811 


(P.S. If Dr. Watson answers, 
hang up and dial again.) 
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is a whole lot more 


than portable. 


What sets our PDS-25 apart 
from the other portables are 
the features we’ve built into it. 

It has a monitoring cardio- 
scope to show clear ECG 
waveforms. (For emergency 
monitoring, the paddlès may 
be used as chest electrodes). 
A built-in synchronizer for 


cardioversion. Fail-safe 
safety devices including an 
automatic test circuit to 
indicate when charging is 
needed. Gould nickel- 
cadmium batteries that 
deliver 300 watt-seconds of 
energy and 60 shocks from 
just one charge. Optional 
accessories including an 
FM:converter to transmit 


ECG waveforms by telephone. 


A low price that's maybe 
the best feature of all. 

When you consider the 
features and cost, you'll have 
a hard time finding another 
defibrillator that comes 
anywhere close to the PDS-25. 
Write for our free brochure. 
Gould Inc., Instrument 


Systems Division, 3631 
Perkins Avenue, Cleveland, 
Ohio 44114. Telephone (216) 
361-3315. Or Kouterveldstraat 
z/n, B-1920 Biegem, Belgium. 
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INTERNATIONAL SYMPOSIUM ON 


eet RECENT ADVANCES IN 
Mount Sinai Medical Center | CLINICAL ELECTROPHYSIOLOGY: 
pacing re HIS BUNDLE ELECTROCARDIOGRAPHY 


Presents 
Recent advances in Clinical electrophysiology, especially the develop- 
ment of the catheter technique for His Bundle recordings have created a 
Sheraton-Four Ambassadors need for ‘‘a meeting of the minds” in the field. The program has been 
designed to bring together leading International Authorities in Electro- 
801 South Bayshore Drive, Miami, Florida physiology, especially His Bundle Electrocardiography and Electrocar- 
diography, for an exchange of ideas and to review the current status of 
January 9, 10, and 11, 1974 this field. These discussions should provide a proper perspective of 
Program Director: His Bundle Electrocardiography, assessment of its usefulness and its 
future role in clinical medicine. In addition, fireside conferences will be 


ONKAR S. NARULA, M.D. conducted during one evening. 


Faculty Topics 


P. Coumel . Massumi Anatomy and Histopathology of Conduction System 
A. Castellanos . S. Narula Electrophysiology of Conduction System 
A. Damato . Peuch Techniques for His Bundle Recordings 


B. N. Goldreyer . Samet Atrioventricular Block 
C. Fisch . J. Scherlag Bilateral Bundle Branch Block 


B. Hoffman . M. Rosen Prognostic Value of H-V Time 
M. Lev . J. Wellens Evaluation of Sinus Node Function 
R. Lazzara Wolf-Parkinson-White Syndrome 
Mechanism of Tachycardias 
Fee: $150.00 Therapy of Arrhythmias, A-V Block, W-P-W 


For catalogue and applications write: Onkar S. Narula, M.D. 
Mount Sinai Medical Center, 4300 Alton Road, Miami Beach, Florida 33140. 


Introducing CINIFOW. The clinical 
blood flowmeter from CME. 


CLINIFLOW is a precision instrument designed specifically 
for clinical applications where patient safety and 
simplicity of operation are of paramount importance. 
A truly isolated input circuit provides the ultimate 

in patient isolation, even when external recording 
devices are connected. 

The CLINIFLOW System offers a new level of 
convenience and ease of operation. The 

operator simply dials the given pre-calibrated 

probe factor and adjusts the zero if needed. 
Volumetric flow rate is displayed directly in 

ml/min on a large. easy-to-read digital 

indicator. Range and decimal point settings 

are automatically established. 

CME's long recognized standard of quality is 

s uncompromised in the CLINIFLOW System. 
sagesse CME — First in Flowmeters. 


at 








CAROLINA MEDICAL ELECTRONICS, INC. 
e P. 0. BOX 307, KING, N. C. 27021 USA TELEPHONE (919) 983-5132 


TM Trademark of Carolina Medical Electronics, Inc. All rights reserved 
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The 


Honeywell 





patient care commitment... 


Yesterday” today; and tomorrow.” 


Yesterday. The Honeywell pa- 
tient care commitment began 
more than 15 years ago, when 
we first offered products and 
systems for biomedical applica- 
tion. Even back then, Honeywell 
recognized the fact that physio- 
logical data systems should 
consist of more than just good 
hardware. And that our commit- 
ment to you and to better pa- 
tient care must be total. 

Today. Today, Honeywell prod- 
ucts for health care can be found 
in cardiovascular diagnostic, 
surgical monitoring facilities, hos- 
pital data centers and clinical 
laboratories throughout the 
world. Our commitment 
now includes six different 
physiological data systems: 

a phonocardiography sys- 
tem, an echocardiography 


a iau d A el 





system, a catheterization sys- 
tem, a surgery system, a surgical 
intensive care system and a G.I. 
motility system. Each of these 
was designed to fit a specific 
area or application, and are all 
backed by the Honeywell com- 
mitment. Which means that they 
have been medical-engineered 
and are supported by Honey- 
well application specialists — to 
assist you in configuring them — 
by professional training for your 
people in their use, and by a 
comprehensive service pro- 
gram. 
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Tomorrow. Tomorrow's bio- 
medical monitoring systems are 
being designed and built now in 
Honeywell R/D facilities...to 
make your job easier, to make 
diagnosis more accurate and to 
help ensure even better patient 
care. When these systems are 
ready to be released, they, too, 
will be backed by the Honeywell 
total commitment. 

To get more information on the 
Honeywell biomedical systems 
mentioned above, please call or 
write: Peter Hamilton, Biomedical 
Products Department, Honeywell 
Test Instruments Division, 

P.O. Box 5227, 
Denver, Colorado 80217, 
(303) 771-4700. 

Please specify which of 

these systems you are 
specifically interested in. 


Honeywell 


The Automation Company 
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Now more than ever... 
essential guidance for every 
physician involved in 
prescribing, testing, 
administering modern drugs 
and diagnostic aids 


ALL NEW 1973 
12th EDITION 


MODERN DRUG ENCYCLOPEDIA 
and THERAPEUTIC INDEX 


Sr 
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Thousands of changes since the previous edition . . . hundreds dosage and administrations... availability ... Bureau of 
of brand new entries...gives brand names...generic Narcotic and Dangerous Drug Schedules and Ratings... 
names...chemical names... descriptions . . . indications . . . level = hedul $ 

pharmacological actions ... indications and ‘contra-indica- Blood serum level toxicity schedules ...for over 3,000 


tions... precautions . . . warnings . . . adverse reactions... currently used ethical drugs. 


In short, everything you need for quick, comprehensive referencing in one 
ruggedly bound, easy to handle volume. 


PLUS—Special Chapters on pharmacologically similar drugs. 


PLUS—The All-important therapeutic index...for the widest possible 
therapy selection. 


PLUS—A Manufacturers Index, listing Company Names, Addresses and 
their products. 


AND our editorial staff of physicians and pharmacists has MODERN DRUG ENCYCLOPEDIA is always up-to-date... 
compiled a NEW GENERAL INDEX for your convenience. with your purchase of MDE-12 you will receive FREE of 
It's scientifically designed for first hit look ups by both generic charge a two year supplement service — MODERN 
and brand names. DRUGS. 


Please order now . . . make sure your copy of MDE-12 is earmarked for your office. 


12th EDITION MODERN DRUG ENCYCLOPEDIA jen 
THE YORKE MEDICAL GROUP 
666 Fifth Avenue, New York, New York 10019 


I 
| 
| 
| 
| 
Please send one copy of the new 12th Edition of MODERN DRUG ENCYCLOPEDIA AND THERAPEUTIC INDEX | 
at the regular price of $30.00, | 
(Outside U.S.A. price $37.00). | 
L] My check for $ is enclosed. O Bill me. | 
in Newer redire: rm Sia | 
appropriate sales tax). l 

l 

l 

l 

| 

| 

| 

| 

l 
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ADDRESS. 
CITY. 
MY SPECIALTY. 
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Which is more important in an ECG: Dependable and effi- 
cient performance, cost of operation, or safety? Obviously 
they all are vital, that’s why we offer you all three with 
the MDI-2000A. 


The only fully automatic ECG in its price range, the 2000A 
always delivers a clear, sharp trace, thanks to a pressure 
ink writing system. This is quality you can afford. Consider 
our paper that costs less than that of most other machines. 
And, the flexibility of up to 5 pre-amps that hinder 
obsolescence. 


The MDI-2000A may not solve all your problems, but your 
search for the right ECG may be over. Write or call us for 
more information, today. 


MED DATA INC. 2715 Marshall Ct. (Doctors Park) 
Madison, Wi. 53705— Phone 608/231-3481 


NAME 
ADDRESS 
SYSTEMS EEE 
PHONE 
2715 Marshall Ct. COMMENTS 
Madison, Wi. 53705 
Phone 608/231-3481 
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NOW YOU CAN PARTICIPATE 
IN A MONTHLY MULTIMEDIA PROGRAM 
EXCLUSIVE TO THE FIELD OF CARDIOLOGY 
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AMERICAN COLLEGE OF 

CARDIOLOGY EXTENDED LEARNING 
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This multimedia (tapes, slides, printed booklet) audio tape program 
includes 60 minutes of clinically oriented information on the art of 
diagnosis and treatment of cardiovascular disease to its subscribers 

each month. The audio cassette tapes include recorded panel discussions 
interviews with noted authorities and self-assessment quizzes. In 
addition, 35 mm slides and a monthly personal continuing education 
notebook are supplied as a part of this professional service. 


iii 








Join the more than 4,700 subscribers who are listening each month. 


Vol. 5, No. 9 September 1973 
Voice for ACCEL™ — E. Grey Dimond, M.D. 


Side 1 


Physician Self-Assessment 

Donald B. Efer, M.D. and Suzanne B. Knoebel, M.D. 
Digitalis Dosage and Blood Levels in the Pediatric Age 
Group 

ma M. Gersony, M.D. and Herbert D. Ruttenberg, 


Scanning the Literature 
E. Grey Dimond, M.D. 
Controversies in Cardiology: The Usefulness of Differ- 
ential Hyperlipoproteinemic Type in Diagnosis and 
Management 
Donald C. Harrison, M.D., Richard J. Havel, M.D., 
and Robert I. Levy, M.D. 


Side 2 
Controversies in Cardiology: The Usefulness of Differ- 
ential Hyperlipoproteinemic Type in Diagnosis and 


Management 
continued from Side 1 


E. Grey Dimond, 


E. GREY DIMOND, M.D. JAMES E. CROCKETT, M.D. 
Editor-in-Chief Assocsate Editor M.D., F.A.C.C. 





B. L. MARTZ, M.D. SUZANNE B. KNOEBEL, M.D. 
Assocsate Editor ‘ Associate Editor ACCEL™ 


JAMES H. GETZEN, M.D. ALBERT S. PASINI H on s 
Associate Editor Managing Editor Editor-in-Chief 


® 1973 American College of Cardiology 
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Assistant Editors: 


MURRAY S. HOFFMAN, M.D. HERBERT D. RUTTENBERG, M.D. 
ROBERT W. OBLATH, M.D. ALFRED SOFFER, M.D. 
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Available directly from the AMERICAN COLLEGE OF CARDIOLOGY 


Please enter my one year (12 issues) subscription to ACCEL™ 








| enclose $_____ for the plan checked below: Name 3 
(Please print) 
PLAN A 
CASSETTE TAPES WITH Subscription Address 
GENERAL ELECTRIC PLAYER/RECORDER No. Street 


[] ACC member, $105 
O Non-member, $115 








(U.S. Funds) City State Zip Code 
PLAN B * T. 
ti 
CASSETTE TAPES ONLY co Mid a E 
LI ACC member, $60 Check made payable to the American College of Cardiology should 
h accompany this application and be forwarded ta; ACCEL'", American 
O Non-member, $70 College of Cardiology, 9650 Rockville Pike, Bethesda, Maryland 20014. 
(U.S. Funds) Payment in full must accompany all subscription orders. 
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MILLAR MIKRO-TIP* 


CATHETER PRESSURE 
TRANSDUCERS 


MIKRO-TIP^ PRESSURE 
J SENSOR AT TIP 


i OF CATHETER 


C r A R 
pois WOVEN DACRON 
CONNECTOR CATHETER 


TO RECORD ' 


e PRESSURE AT SOURCE 
e TRUE WAVEFORMS 
e PHONOCARDIOGRAMS 


SIX STANDARD TYPES: “= 


FRENCH SIZES LISTED BELOW ARE: 
5F-1.67 mm o.d.,7F 2.33 mm o.d., 8F- 2.67 mm o.d. 


SINGLE PRESSURE SENSOR. 
Available in 5F, 7F and 8F sizes 


SINGLE PRESSURE SENSOR 
WITH LUMEN FOR BLOOD SAM- 
PLING, EXTERNAL PRESSURE 
MONITORING OR SLOW DYE IN- 
JECTION. 

Available in 7F and 8F sizes 


SINGLE PRESSURE SENSOR 
WITH LUMEN FOR HIGH SPEED 
INJECTION OF RADIOPAQUE 
CONTRAST DYE. 

Available in 7F and 8F sizes 


DUAL PRESSURE SENSORS FOR 
SIMULTANEOUSLY RECORDING 
OF PRESSURE AT TWO 
LOCATIONS. Available in 7F and 
8F sizes, 5F size between Distal 
and Proximal Sensors 


DUAL PRESSURE SENSORS FOR 

SIMULTANEOUSLY RECORDING 

OF PRESSURE AT TWO 

LOCATIONS. WITH LUMEN FOR 

BLOOD SAMPLING, EXTERNAL 

PRESSURE MONITORING OR SLOW DYE INJECTION. 
Available in 7F and 8F sizes, 5F size between Distal and 
Proximal Sensors 


SINGLE PRESSURE SENSOR 
WITH DUAL ELECTRODES FOR 
RECORDING PRESSURE WHILE 
STIMULATING WITH OR RECOR- 
DING FROM THE ELECTRODES. Available in 5F size 


Transducer Control Units are available for interfacing with 
most recorders or display systems. 


Visit our booth (E22 & E23) 
at the November 
American Heart Assoc. 


Convention in 
Atlantic City, N.J. 


P.0. Box 18227 (6001 Gulf Freeway) Houston, Texas 77023 U.S.A. (713) 923-9171 
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Sage model 367: 


the pump designed specifically 


for dye dilution studies 


works with all densitometers 


accepts all syringe types 


flow rates reproducible to 0.576 


nine directly dialed flow rates, 5—40 ml/min 
flow rates precalibrated for 20, 30 and 50 cc syringes 


switches instantaneously from infusion to withdrawal 
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for further information, write to: 


Sage Instruments 


Division of Orion Research Incorporated 
11 Blackstone Street 
Cambridge, Mass. 02139 


write it 
precision quality control... 
«assured tablet content uniformity" 


predictable patient response... 
eproven biologic availability" 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
has developed. 

Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those. occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 5% dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI — 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 596 dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN? digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5 mg. (green) scored, in bottles of 100 and 1,000. 
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Research Triangle Park 


*Complete literature available on request from Professional Services Dept. PML. Welicome / North Carolina 27709 


"The drug of choice 
for oral replacement 


of potassium is 
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COMPOSITION: Each 15 cc. (one table- 
spoonful) contains potassium chloride 1.5 
Gm., supplying 20 mEq. of elemental 
potassium, in a cherry-flavcred, palatable 
base, alcohol 496. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. . 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison s Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponcing daily dose is 







AMA Drug Evaluations 1971, First Edition, 
Chicago, American Medical Associaticn, p. 121. 


Kay Ciel Elixir is 


otassium chloride... 





astes good too! 


often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication. Patients shculd be frequently 
checked and periodic ECG and/or plasma 
potassium levels made. High plasma con- 
centrations of potassium ion may cause 
cardiac depression, arrhvthmias or arrest. 
Use with caution in patients with cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia cf the extremities, 
weakness of the legs, flaccid paralysis, 

fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyoerkalemia 


exists, it should be promptly treated with 
the discontinuance f potassium adminis- 
tration or other steps to lower serum levels 
if indicated, since sudden shift in plasma 
levels may induce potentially dangerous 
card ac arrhythmias 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoonful (15 cc.) diluted in one 
glass of water, twice daily after the 
morning and evening meal. Larger doses 
may 5e indicated according to the indi- 
vidual patient's requirements but should 
be administered uncer close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
cilution of Kay Ciel Elixir to prevent 
castrointestinal injury. 

HOW SUPPLIED: One pint and one gallon 
bottles. 


(Oopet Cooper Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 
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Unstable Angina Pectoris 
. Studies in Coronary Artery Disease 


ACC 23rd Annual Scientific Session 
New York, New York, February 11-14, 1974 
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How to brake the heart. The modern 
ethod of choice for conversion of atrial fibrillation 
‘normal sinus rhythm is direct current countershock. 
aintaining normal sinus rhythm—and maintaining 
e patient—is another matter. A “pharmacologic 
acemaker” that has a fundamental antiarrhythmic 
stion is Quinaglute® (quinidine gluconate). A specific 
r maintaining normal sinus rhythm, Quinaglute 
as certain distinct advantages for long-term control: 


the unique Dura-Tab® construction permits 
‘adual release of quinidine gluconate to maintain 
erapeutic quinidine plasma levels for 8 to 12 hours. 


the convenient 8 or 12 hour dosage schedule 
3lps avoid middle of the night dosage and early 
orning reversion. 


Quinaglute Dura-Tabs are well tolerated with 
w gastrointestinal disturbances 


JUINAGLUTE Dura-Tabs: 


juinidine gluconate) 5 gr. (0.33 Gm.) 
*a pharmacologic pacemaker" 


Indications: For the prevention of premature atrial, nodal or ventricular contractions. 
For maintenance of normal sinus rhythm following conversion by other techniques of 
atrial, nodal or ventricular tachycardia, atrial flutter and fibrillation (paroxysmal or 
chronic). 

Contraindications: Same es for other forms of quinidine, including partial A-V or com- 
plete heart block; intraventricular conduction defects, especially marked QRS widen- 
ing; sensitivity to quinidine; renal disease with significant azotemia; development of 
cardiotoxic effects (conduction defects or ventricular premature beats, ventricular 
tachycardia, or flutter) wnile taking the drug; marked cardiac enlargement with con- 
gestive failure; poor renal function especially with tubular acidosis. 

Precautions: Same as for quinidine. To detect idiosyncrasy, e.g., febrile reactions, 
skin eruptions, thrombocytopenic purpura, and respiratory embarrassment, administer 
preliminary test dose of single tablet of quinidine sulfate. Use extreme caution in pa- 
tients with severe heart disease, congestive heart failure, digitalis intoxication, renal 
insufficiency. Administer cautiously, if at all, to senile patients. Hospitalization (for 
close observation, ECG monitoring and possibly plasma quinidine levels) indicated 
when administering large doses with patients presenting increased risk. With the 
dosage regimen (see '"'Dosage'').of 2 tablets every 8 hours, higher blood levels than 
necessary for maintenance of normal sinus rhythm could be reached, whereas with 
1 tablet every 12 hours, the blood levels may be too low to maintain normal sinus 
rhythms. Should not be used during pregnancy. 

Adverse reactions: instruct patients to report any symptoms of cinchonism at once 
(including tinnitus, decreased auditory acuity, vertigo, blurred vision, color perception 
disturbances, photophobie, diplopia, night blindness, scotomata, reduced visual 
fields, mydriasis, and respiratory distress); the drug should be discontinued immedi- 
ately if such symptoms or evidence of hypotension occur. If gastrointestinal disturb- 
ances (rarely reported) occur, they may be minimized by administering the drug with 
food, or if they persist, dosage should be decreased. 

Dosage: The dosage varies considerably depending upon the general condition and 
cardiovascular state of the patient. The quantity and frequency of administration must 
be determined for each patient. For the prevention of premature atrial, nodal or ven- 
tricular contractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 
For maintenance of normal sinus rhythm following conversion by other techniques of 
atrial fibrillation, tachycardia or flutter, 2 tablets every 12 hours or 1¥2-2 tablets 
every 8 hours are usually required. The occasional patient may be maintained in nor- 
mal rhythm on a dosage of 1 tablet every 12 or 8 hours. Occasionally larger or more 
frequent dosage may be required, but such increases should be used only after 
thorough evaluation of the patient, including serial electrocardiograms and determina- 
tion of plasma quinidine levels. The ideal dosage is the minimum amount of total 
dose and frequency of daily administration premature contractions, 
paroxysmal tachycardias, and maintain 
Supplied: Bottles of 100 and 250 tabl 
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circulation 


Documented by 10 independent 
investigators, in studies involving a total of 
1,809 patients: a low incidence of circula- 
tory depression with Talwin.**” 


respiration 


Documented by 9 independent 
investigators, in studies involving a 
total of 1,296 patients: a low incidence 
of respiratory depression with 
Talwin.* 1,2,3,7,9-13 


urinary retention 


Documented by 4 independent 
investigators, in studies involving a \ 


total of 792 patients: a low incidence of 
* 2,14-16 









urinary retention with Talwin. 


narcotic controls 


Documented by 5 years of wide 
clinical use in many thousands of pa- 
tients: a low dependence liability with 
Talwin? Talwin is not subject to narcotic con- 
trols. Yet , Talwin is comparable to narcotics in 
analgesic efficacy.* 


References: 1. Sadove, M. et al.: J.A.M.A. 189:199, July 20, 1964. 2. Hinshaw, J. R. 
et al.: Am. J. Med. Sci. 251:57, Jan. 1966. 3. Gaines, H. R.: Ill. Med. J. 131:320, March 
1967. 4. Marks, M. M.: Int. Surg. 48:519, Dec. 1967. 5. O'Connell, T.C. J. et al.: Js dr. 
Med. Assoc. 61:357, Oct. 1968. 6. Lal, S. et al.: Lancet 1:319, Feb. 22, 1969. 7. Scott, 
M. E. and Orr, Rosemary: Lancet 1:1065, May 31, 1969. 8. Wallace, G.: Int. Surg. 
53:135, Feb. 1970. 9. Befeler, D. and Giatinni, J. F: Int. Surg. 54:219, Sept. 1970. 
10. Grossman, J. A. and Enselberg, C. D.: Curr. Ther. Res. 13:505, Aug. 1971. 

11. Jennett, S. et al.: Br. J. Anaesth. 40:864, Nov. 1968. 12. Davie, I. et al.: Br. J. 
Anaesth. 42:113, Feb. 1970. 13. Glass, P. et al.: Am. Rev. Resp. Dis. 102:116, July 1970. 
14. Stoelting, V. K.: Anesth. Analg. 44:169, Nov.-Dec. 1965. 15. Anderson, E. C. et al.: 
J. Urol. 96:584, Oct. 1966. 16. Wilkey, J. L. et al.: J. Urol. 97:550, March 1967. 

17. Wendel, H. A.: Med. Counterpoint 3:9, June 1971. 


*See next page for a complete discussion of Warnings, Precautions, 
Adverse Reactions, and other Prescribing Information. 
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ilwin® brand of pentazocine (as lactate) 
valgesic for Parenteral Use 
dications: For the relief of moderate to severe 
iin. Talwin may also be used for preoperative or 
eanesthetic medication and as a supplement to 
rgical anesthesia. 
»ntraindication: Talwin should not be adminis- 
red to patients who are hypersensitive to it. 
arnings: Drug Dependence. Special care should 
! exercised in prescribing pentazocine for 
320tionally unstable patients and for those with a 
story of drug misuse. Such patients should be 
osely supervised when long-term therapy is 
ontemplated. There have been instances of 
chological and physical dependence on 
win in patients with such a history and, rarely, 
patients without such a history. Abrupt discon- 
uance following the extended use of parenteral 
win has resulted in symptoms such as ab- 
minal cramps, elevated temperature, rhinorrhea, 
stlessness, anxiety, and lacrimation. Even when 
ese occurred, discontinuance has been accom- 
ished with minimal difficulty. In the rare patient 
whom more than minor difficulty has been 
countered, reinstitution of parenteral Talwin 
ith gradual withdrawal has ameliorated the 
itient’s symptoms. Substituting methadone or 
her narcotics for Talwin in the treatment of the 
uwin abstinence syndrome should be avoided. 
prescribing parenteral Talwin for chronic use, 
irticularly if the drug is to be self-administered, 
e physician should take precautions to avoid 
creases in dose and frequency of injection by 
e patient and to prevent the use of the drug in 
iticipation of pain rather than for the relief of 
iin. 
ist as with all medication, the oral form of Talwin 
preferable for chronic administration. 
ead Injury and Increased Intracranial Pressure. 
?e respiratory depressant effects of Talwin and 
s potential for elevating cerebrospinal fluid pres- 
ire may be markedly exaggerated in the pres- 
1ce of head injury, other intracranial lesions, or 
preexisting increase in intracranial pressure. 
urthermore, Talwin can produce effects which 
ay obscure the clinical course of patients with 
zad injuries. In such patients, Talwin must be 
sed with extreme caution and only if its use is 
emed essential. 
sage in Pregnancy. Safe use of Talwin during 
regnancy (other than labor) has not been estab- 
shed. Animal reproduction studies have not 
»monstrated teratogenic or embryotoxic effects. 
owever, Talwin should be administered to preg- 
ant patients (other than labor) only when, in the 
dgment of the physician, the potential benefits 
utweigh the possible hazards. Patients receiving 
alwin during labor have experienced no adverse 
fects other than those that occur with commonly 
sed analgesics. Talwin should be used with 
aution in women delivering premature infants. 
cule CNS Manifestations. Patients receiving 
ierapeutic doses of Talwin have experienced, in 
ire instances, hallucinations (usually visual), 
isorientation, and confusion which have cleared 


mecnanism Or tnis reaction IS not known. Sucn 
patients should be very closely observed and vital 
signs checked. If the drug is reinstituted it should 
be done with caution since the acute CNS 
manifestations may recur. 

Usage in Children. Because clinical experience in 
children under twelve years of age is limited, the 
use of Talwin in this age group is not recom- 
mended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, ambu- 
latory patients should be warned not to operate 
machinery, drive cars, or unnecessarily expose 
themselves to hazards. 

Precautions: Certain Respiratory Conditions. The 
possibility that Talwin may cause respiratory 
depression should be considered in treatment of 
patients with bronchial asthma. Talwin should be 
administered only with caution and in low dosage 
to patients with respiratory depression (e.g., from 
other medication, uremia, or severe infection), 
obstructive respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impairment, 
the drug should be administered with caution to 
patients with such impairment. Extensive liver dis- 
ease appears to predispose to greater side 

effects (e.g., marked apprehension, anxiety, dizzi- 
ness, sleepiness) from the usual clinical dose, 
and may be the result of decreased metabolism of 
the drug by the liver. 

Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with myo- 
cardial infarction who have nausea or vomiting. 
Biliary Surgery. Until further experience is gained 
with the effects of Talwin on the sphincter of 
Oddi, the drug should be used with caution in 
patients about to undergo surgery of the biliary 
tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the daily 
treatment of narcotic dependence, have experi- 
enced mild withdrawal symptoms after receiving 
Talwin. 

CNS Effect. Caution should be used when Talwin 
is administered to patients prone to seizures; 
seizures have occurred in a few such patients in 
association with the use of Talwin although no 
cause and effect relationship has been established. 
Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or lighthead- 
edness, vomiting, euphoria. 

Infrequently occurring reactions are—respiratory: 
respiratory depression, dyspnea, transient apnea 
in a small number of newborn infants whose 
mothers received Talwin during labor; cardiovas- 
cular: circulatory depression, shock, hypertension; 
CNS effects: sedation, alteration of mood (ner- 
vousness, apprehension, depression, floating feel- 
ing), dreams; gastrointestinal: constipation, dry 
mouth; dermatologic including local: diaphoresis, 
sting on injection, flushed skin including plethora, 
dermatitis including pruritus; other: urinary reten- 
tion, headache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions include—neuromuscular 
and psychiatric: muscle tremor, insomnia, disori- 
entation, hallucinations; gastrointestinal: taste 
alteration, diarrhea and cramps; ophthalmic: 
blurred vision, nystagmus, diplopia, miosis; other: 
tachycardia, soft tissue induration, nodules, 
cutaneous depression, and ulceration (sloughing) 
at the injection site, weakness or faintness, chills, 
moderate transient eosinophilia, allergic reactions 
including edema of the face. 

See Acute CNS Manifestations and Drug 
Dependence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single 


cutaneous, OF inrdveriUuUsS TUUIC, TINS may US 
repeated every 3 to 4 hours. Doses in excess of 
30 mg. intravenously or 60 mg. intramuscularly 

or subcutaneously are not recommended. Total 
daily dosage should not exceed 360 mg. As with 
most parenteral drugs, when frequent daily injec- 
tions are needed over a prolonged period, intra- 
muscular administration is preferable to subcuta- 
neous. In addition, constant rotation of injection 
sites (e.g., the upper outer quadrants of the but- 
tocks, mid-lateral aspects of the thighs, and the 
deltoid areas) is recommended. 

Patients in Labor. A single, intramuscular 30 mg. 
dose has been most commonly administered. An 
intravenous 20 mg. dose has given adequate pain 
relief to some patients in labor when contractions 
become regular, and this dose may be given two 
or three times at two- to three-hour intervals, as 
needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of age 
is limited, the use of Talwin in this age group is 
not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. 

Overdosage: Manifestations. Clinical experience 
with Talwin overdosage has been insufficient to 
define the signs of this condition. 

Treatment. Oxygen, intravenous fluids, vasopres- 
sors, and other supportive measures should be 
employed as indicated. Assisted or controlled ven- 
tilation should also be considered. Although 
nalorphine and levallorphan are not effective anti- 
dotes for respiratory depression due to overdos- 
age or unusual sensitivity to Talwin, parenteral 
naloxone (Narcan®, available through Endo 
Laboratories) is a specific and effective antagonist. 
Talwin is not subject to narcotic controls. 

How Supplied: Ampuls of 1 ml. (30 mg.), 1% ml. 
(45 mg.), and 2 ml. (60 mg.) in boxes of 25. 

Each 1 ml. contains Talwin (brand of pentazocine) 
as lactate equivalent to 30 mg. base and 2.8 mg. 
sodium chloride, in water for injection. 

Multiple dose vials of 10 ml., each 1 ml. contain- 
ing Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base, 2 mg. acetone sodium 
bisulfite, 1.5 mg. sodium chloride, and 1 mg. 
methylparaben as preservative, in water for injec- 
tion. Boxes of 1. 

The pH of Talwin solutions is adjusted between 

4 and 5 with lactic acid and sodium hydroxide. The 
air in the ampuls and vials has been displaced 
by nitrogen gas. 
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Simple © 


drops of water 
help make 
COLACE the 


most widely usec 
stool softener. 


COLACE works by stool-softening action alone, free from laxative 
stimulation. Simply by letting natural intestinal water permeate stools 
COLACE helps to eliminate the hard, dry stools common to constipatio 


COLACE works to prevent pain and straining at stool with minimum 
chance of griping or cramps, particularly in patients with delicate 
anorectal disorders. COLACE is safe and non-habit forming in short- 
long-term therapy. COLACE — the simple water way to ease constipatio 
from infancy to old age. Capsules, syrup or liquid. 
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the most widely prescribed lipid-lowering agent- 
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not just cholesterol alone 
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AN IMPORTANT NOTE: It has not been established whether the drug-induced lowering of serum cholesterol or 
lipid levels has a detrimental, beneficial, or no effect on the morbidity or mortality due to atherosclerosis or coro- 


nary heart disease. Several years will be required before current investigations will yield an answer to this question. 
See last page of advertisement for prescribing information. 
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helpsreduce elevated cholesterol 
and/ortriglyceride levels — 


notjustcholesterol alone 





BRIEF SUMMARY 

(For full prescribing information, see package circular.) 
ATROMID-S® (clofibrate) 

Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: Artromiv-S is indicated as adjunctive therapy to diet and 
other measures for the reduction of elevated serum cholesterol (especially the 
beta lipoprotein fraction) and/or triglycerides. Clofibrate appears to have a 
greater depressant effect on the very low density lipoproteins (Sr 20-400) 
tich in triglycerides than the lew density lipoproteins (S¢ 0-20) rich in 
cholesterol. 

ATROMID-S is also indicated for treatment of patients with xanthoma tuberosum 
associated with hyperlipidemia. The skin lesions frequently regress with 
clofibrate. 

It has not been established whether the drug-induced lowering of serum 
cholesterol or lipid levels has a detrimental, beneficial, or no effect on the 
morbidity or mortality due to atherosclerosis or coronary heart disease. Sev- 
eral years will be required before current investigations will yield an answer 
to this question. 

CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. 
While teratogenic studies have not demonstrated any effect attributable to 
clofibrate, it is known that serum of the rabbit fetus accumulates a higher 
concentration of clofibrate than that found in maternal serum, and it is pos- 
sible that the fetus may not have developed the enzyme system required for 
the excretion of clofibrate. 

It is contraindicated in lactating women since it is not known if clofibrate 
is secreted in the milk. 

It is contraindicated in patients with clinically significant hepatic or renal 
dysfunction. 

It is contraindicated in patients with primary biliary cirrhosis since it may 
taise the already elevated cholesterol in these cases. 

WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOS- 
AGE OF THE ANTICOAGULANT SHOULD BE REDUCED USUALLY BY 
ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN 
THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEED- 
ING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS 
ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT 
THE PROTHROMBIN LEVEL HAS BEEN STABILIZED. 

Strict birth control procedures must be exercised by women of childbearing 
potential. In patients who plan to become pregnant, clofibrate should be with- 
drawn several months before conception. Because of the possibility of preg- 
mancy occurring despite birth control precautions in patients taking clofibrate, 
the possible benefits of the drug to the patient must be weighed against pos- 
sible hazards to the fetus. 

PRECAUTIONS: Before instituting therapy with clofibrate, attempts should 
be made to control serum lipids with appropriate dietary regimens, weight 
loss in obese patients, control of diabetes mellitus, etc. 

Because of the long term administration of a drug of this nature, adequate 
base line studies should be performed to determine that the patient has 
significantly elevated serum lipid levels. Frequent determinations of serum 
lipids should be obtained during the first few months of ArRoMID-S adminis- 
tration, and periodic determinations thereafter. The drug should be withdrawn 
after three months if response is inadequate. However, in the case of xanthoma 
tuberosum, the drug should be employed for longer periods (even up to one 
year) provided that there is a reduction in the size and/or number of the 
xanthomata. 

Subsequent serum lipid determinations should be done to detect a paradoxical 
tise in serum cholesterol or triglyceride levels. Clofibrate will not alter the 
seasonal variations of serum cholesterol peak elevations in midwinter and late 
summer and decreases in fall and spring. If the drug is discontinued, the pa- 
tient should be placed on an appropriate hypolipidemic diet, and his serum 
lipids should be monitored until stabilized, as a rise in these values to or 
above the original base line may occur. 

During clofibrate therapy, frequent serum transaminase determinations and 
other liver function tests should be performed since the drug may produce 
abnormalities in these parameters. Hepatic biopsies are usually within normal 
limits. These effects are usually reversible when the drug is discontinued. If 


the hepatic function tests steadily rise or show excessive abnormalities, the 
drug should be withdrawn. Therefore use with caution in those patients with 
a past history of jaundice or hepatic disease. 
Clofibrate may produce "flu like" symptoms (muscular aching, soreness, 
cramping). The physician should differentiate this from actual viral and/or 
bacterial disease. 
Use with caution in patients with peptic ulcer since reactivation has been 
reported. Whether this is drug-related is unknown. 
The physician should monitor the patient with complete blood counts since 
peripheral anemia and, more frequently, leukopenia have been reported in 
patients who have been taking clofibrate. Whether these are drug-related is 
unknown. 
Various cardiac arrhythmias have been reported with the use of clofibrate. 
Several investigators have observed in their studies that clofibrate may pro- 
duce a decrease in cholesterol linoleate but an increase in palmitoleate and 
oleate, the latter being considered atherogenic in experimental animals. The 
significance of this finding is unknown at this time. 
ADVERSE REACTIONS: Of the pertinent reactions, the most common is 
nausea. Less frequently encountered gastrointestinal reactions are vomiting, 
loose stools, dyspepsia, flatulence, and abdominal distress. Reactions reported 
less often than gastrointestinal ones are headache, dizziness, and fatigue; mus- 
cle cramping, aching, and weakness; skin rash, urticaria, and pruritus. There 
have been occasional cases of dry, brittle hair and of alopecia. 
The following reported adverse reactions are listed alphabetically by systems: 
Cardiovascular 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 
Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 
Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal distress) 
Vomiting 
Stomatitis and gastritis 
Genitourinary 
Impotence and decreased libido 
Findings consistent with renal dysfunction as evidenced by dysuria, hema- 
turia, proteinuria, decreased urine output. One patient’s renal biopsy sug- 
gested “allergic reaction.” 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 
Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
“Flu like” symptoms 
Arthralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by increased transaminase 
(SGOT and SGPT), BSP retention, and increased thymol turbidity 
Proteinuria 
Increased creatine phosphokinase 
Reported adverse reactions whose direct relationship with the drug has not 
been established: increased angina, peptic ulcer, gastrointestinal hemorrhage, 
rheumatoid arthritis, tremors, increased perspiration, systemic lupus erythema- 
tosus, blurred vision. 
DOSAGE AND ADMINISTRATION: Adult Dose: The recommended dosage 
for adults is one capsule (500 mg.) four times daily. 
In Children: Insufficient studies have been done in children to show safety 
and efficacy. 
DRUG INTERACTIONS: Caution should be exercised when anticoagulants 
are given in conjunction with Atromip-S (clofibrate). The dosage of the anti- 
coagulant should be reduced usually by one-half (depending on the individual 
case) to maintain the prothrombin time at the desired level to prevent bleed- 
ing complications. Frequent prothrombin determinations are advisable until it 
has been definitely determined that the prothrombin level has been stabilized. 
MANAGEMENT OF OVERDOSAGE: While there has been no reported case 
Mode should it occur, symptomatic supportive measures should be 
taken. 
HOW SUPPLIED: Atromip-S—No. 243—Each capsule contains 500 mg. clofi- 
brate, in bottles of 100. 
References: 1. Fredrickson, D. S., et al., in Holmes, W. L., Carlson, L. A., and 
Paoletti, R.: Drugs Affecting Lipid Metabolism, New York, Plenum Press, 1969, 
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CLINICAL STUDIES 


745  Unstable Angina Pectoris: Morbidity and Mortality in 57 Consecutive Patients Evaluated 
Angiographically 
C. RICHARD CONTI, ROBERT K. BRAWLEY, LAWRENCE S. C. GRIFFITH, BERTRAM PITT, 
J. O'NEAL HUMPHRIES, VINCENT L. GOTT and RICHARD S. ROSS 


This study of 57 consecutive patients with unstable angina pectoris or preinfarction angina shows no 
clear-cut superiority of surgical therapy over medical treatment of this condition. Coronary arteriography 
may be more hazardous in such patients, and immediate mortality is greater with surgical treatment 
than with medical management. However, surgical survivors have a better chance of being pain-free 
than do medical survivors. 


751 Impaired Left Ventricular Relaxation During Pacing-Induced Ischemia 
LAMBERT P. McLAURIN, ELLIS L. ROLETT and WILLIAM GROSSMAN 


Tachycardia induced by rapid atrial pacing at the time of cardiac catheterization produced incomplete 
left ventricular relaxation in patients with ischemic heart disease but not in those with a normal left ven- 
tricle. Such relaxation is an important factor in left ventricular diastolic pressure-volume relations and 
the apparent decrease in left ventricular diastolic compliance during pacing-induced angina pectoris. 


758  Intraventricular Conduction Disturbances and Coronary Artery Disease. Clinical, Hemodynamic and 
Angiographic Study 


ROBERT J. HAMBY, FAROUK TABRAH and MOHINDER GUPTA 


Hemodynamic changes in 142 patients with coronary artery disease and intraventricular conduction 
disturbance correlate better with the conduction disturbance than with the extent of coronary artery dis- 
ease. Major disease of the left anterior descending coronary artery occurred in all but one subject. 


766 Cardiac Arrhythmias Elicited by the Two-Step Exercise Test 
ARTHUR M. MASTER 


Cardiac arrhythmias were found in 170 of 600 patients (28.3 percent) who underwent two-step exercise 
tests. The highest incidence (38 percent) occurred in men with organic heart disease. Vigorous antiar- 
rhythmic measures should be prescribed to relieve symptoms arising from the arrhythmia and to pre- 
vent life-threatening tachycardia or ventricular fibrillation. Contrary to accepted belief, exercise had no 


significant effect on the majority of arrhythmias already present in the resting tracing. 
Continued on page A-13 
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772 Hemodynamic Effects of Amyl Nitrite in Coronary Artery Disease 
GARY WINSTON BURGGRAF and JOHN O. PARKER 


The action of amyl nitrite is rapid, short-lived and complex. In normal subjects and in patients with 
coronary artery disease, amyl nitrite decreased brachial arterial pressure, left ventricular end-diastolic 
pressure and increased heart rate, cardiac index and maximal rate of rise of left ventricular pressure. 
Inhalation produced a rise in coronary sinus PO? from 22 + 1 to 32 + 4 mm Hg at 30 seconds with a 
return to control values at 3 minutes. 


779 Relation of Mitral Valve Closure to the First Heart Sound in Man. Echocardiographic and 
Phonocardiographic Assessment 


ALFRED F. PARISI and BERNARD G. MILTON 


This study utilizing simultaneously recorded echocardiograms and phonocardiograms in 34 normal 
subjects confirms Luisada's observations in animals that the mitral component of the first heart sound 
is not coincident with the initial coaptation of the mitral valve leaflets. In this study the mitral compo- 
nent of this sound occurred significantly later than closure of the mitral valve. 


783 Bundle Branch Block with Intact Atrioventricular Conduction. Electrophysiologic and Pathologic 
Correlations in Three Cases. 


KENNETH M. ROSEN, SHAHBUDIN H. RAHIMTOOLA, SAROJA BHARATI and MAURICE LEV 


Electrophysiologic studies and histologic examinations of the conduction system in three patients with 
intact atrioventricular conduction and bundle branch block confirm the value of electrophysiologic stud- 
ies in diagnosing conduction disease in man. All three patients had marked involvement of the sino- 
atrial node and its approaches and the atrial myocardium. In two cases senile amyloidosis was the major 
pathologic process. The P-A interval was normal despite extensive atrial disease. Bundle branch block 
with a prolonged H-V interval suggested extensive bilateral bundle branch disease. 


794 Effects of Ventricular Premature Contractions on Atrioventricular Conduction. Studies with His 
Bundle Electrography 


JACOB |. HAFT, RAFAEL LEVITES and PREM K. GUPTA 


Ventricular premature contractions facilitated atrioventricular (A-V) conduction (shortened A-H inter- 
val) in 17 patients and slowed A-V conduction (prolonged A-H interval) in 5 patients. His bundle elec- 
trograms during the ventricular premature contractions showed these changes in conduction of subse- 
quent sinus beats occurred at the A-V nodal area and that retrograde concealed conduction from a 
ventricular premature contraction into the A-V node is common. 


EXPERIMENTAL STUDIES 


799  Neurogenic Influence on the Atrial Repolarization (P-T, ) Segment 
1 THOMAS N. JAMES, FERDINAND URTHALER and JAMES H. ISOBE 


Autonomic neural stimulation and direct perfusion of the atrioventricular (A-V) node with acetylcholine 
or norepinephrine after infusion of atropine into the sinus nodal artery of 29 dogs caused shifts of the 
P-Tp segment which were more pronounced and consistent with use of acetylcholine or vagus nerve 
stimulation. An altered P-T, segment may significantly distort the QRS complex and the S-T segment, 
especially during A-V junctional rhythm; therefore, neurogenic influences must be considered in evalu- 
ating electrocardiographic changes in angina pectoris and arrhythmias. 

Continued on page A-15 
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Drug-Induced Constipation 


Many of the widely prescribed drug categories—antacids, 
analgesics, barbiturates, trancuilizers, diuretics, hematinics, antihis- 
tamines, anticholinergics, antispasmodics, narcotics, muscle relax- 
ants, antihypertensives, antidepressants— may interfere with the 
regular bowel action. 

The value of SENOKOT Tablets/Granules has been clearly 
demonstrated in drug-induced or drug-aggravated constipation. In 5 
studies* SENOKOT therapy was effective in 98.596 of 613 cases. 

When an essential drug you prescribe induces or aggravates 
constipation, Rx or recommend a SENOKOT laxative product. Com- 
patible with antacids, clinically tested, shown not to interfere with the 
action of numerous drugs, it is the natural choice to keep things mov- 
ing gently, comfortably, effectively. 

Supplied: SENOKOT Tablets (small, easy-to-swallow)—Bottles 
of 50 and 100. SENOKOT Granules (delicious, cocoa-flavored)—4, 8 
and 16 ounce (1 Ib.) canisters. 


*References on request. 


Counteract with Senokot 


(standardized senna concentrate) 


Tablets/ Granules 


a natural laxative 
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Reentry Within the Isolated Canine Bundle of His. Possible Mechanism for Reciprocal Rhythm 


JOHN C. BAILEY, GARY J. ANDERSON, DENNIS PIPPENGER and CHARLES FISCH 


Data from microelectrode techniques used to investigate reentrant activity in the isolated canine bundle 
of His suggest that functional longitudinal dissociation of conduction and reentry can occur within the 
bundle of His without participation of either the atria or the atrioventricular junction and that such reen- 
try within the bundle of His may be a mechanism for reciprocating rhythms. 


Effect of Current Pulses Delivered During the Ventricular Vulnerable Period Upon the Ventricular 
Fibrillation Threshold 


JOSEPH F. SPEAR, E. NEIL MOORE and LEONARD N. HOROWITZ 


This study of variables measured by determination of the fibrillation threshold of the myocardium exam- 
ines the relation between electrically induced fibrillation and spontaneous fibrillation in dogs. Interven- 
tions altering the intrinsic amount of inhomogeneity in the myocardium modify the amount of "extra 
inhomogeneity” that the current pulses must add during a fibrillation threshold determination to reach 
the level for fibrillation. The experiments also suggest that the ventricular fibrillation threshold following 
premature ventricular beats evoked by malfunctioning cardiac pacemakers may be lower than that fol- 
lowing spontaneously occurring premature beats at the same coupling interval. 


Cardiac Dysrhythmias Induced by Autonomic Nerve Stimulation 


GILBERT R. HAGEMAN, JACK M. GOLDBERG, JOHN A. ARMOUR and WALTER C. RANDALL 


Cardiac tachydysrhythmias induced in anesthetized dogs by electrical stimulation of the ventral lateral 
cardiac nerve resembled spontaneous arrhythmias in man suggesting that arrhythmias in people may 
be of autonomic nervous origin. Intravenously administered atropine, propranolol and phentolamine 
failed to abolish these arrhythmias. Lidocaine or procainamide prevented and terminated them. 


METHODS 


Myocardial Transit Times from Intracoronary Dye-Dilution Curves in Normal Subjects and Patients 
with Coronary Artery Disease 


A. JAMES LIEDTKE, HARVEY G. KEMP, DAVID M. BORKENHAGEN and RICHARD GORLIN 


Significant prolongations in myocardial transit time values were observed in patients with coronary ar- 
tery disease. The differences in time course of intracoronary dye curves between normal patients and 
those with coronary artery disease suggest a difference in regional coronary flow patterns. 


PEDIATRIC CARDIOLOGY 


Pulmonary Artery Originating Anteriorly from the Left Ventricle 


PAOLO ANGELINI and ROBERT D. LEACHMAN 


Analysis of three cases defined as "partial distortion of the great vessels in orthoposition," in which a 
double muscular conus was associated not with dextroposition (double outlet right ventricle) but with 
orthoposition, leads these investigators to redefine transposition of the great vessels as the condition in 
which the aorta is anterior to the pulmonary artery and there is a single subaortic infundibulum. 

Continued on page A-17 | 
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To convert to normal sinus rhythm, 
and maintain...and maintain... and maintain... 


CARDIO IN tablets 


(quinidine polygalacturonate) 
Low B.I.D. or T.I.D. dosage in most cases 
Greater G.I. tolerance 
Full quinidine cardiodynamics 


*From case records on file with the Medical Department, The Purdue Frederick Company. 


BRIEF SUMMARY-IND!CATIONS: CARDIOQUIN Tablets (quinidine polygalacturonate) are indicated in the treatment of: premature 
atrial and ventricular contractions; paroxysmal atrial tachycardia; paroxysmal AV junctional rhythm; atrial ‘lutter; paroxysmal atrial 
fibrillation; established atrial fibrillation when therapy is appropriate; paroxysmal ventricular tachycardia when not associated with 
complete heartblock; maintenance therapy after electrical conversion of atrial fibrillation and/or flutter. CONTRAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to escape mechenisms should not be treated with quinidine. WARNING: In the 
treatment of atrial flutter reversion to sinus rhythm may be preceded by a progressive reduction in the degree of AV block to a 
1:1 ratio and resulting extremely rapid ventricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine polygalacturonate 
275 mg.) is equivalent in quinidine content to 3 grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage must be 
adjusted to individual needs, both for conversion and maintenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm is not restored after 3 or 4 equal doses, the dose may be 
increased by 1⁄2 to 1 tablet (137.5 to 275 mg.) and administered three to four times before any further dosage increase. For mainte- 
nance, one tablet may be used two to three times a day; generally one tablet morning and night will be adequate. SUPPLIED:. 
Uncoated, scored table:s in bottles of 50. 
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REPORTS ON THERAPY 


846 Cardiac Tamponade in Uremic Pericarditis. Surgical Approach and Management 
RAVINDRANATH KOOPOT, NICHOLAS S. ZEREFOS, ARDIS R. LAVENDER and ROQUE PIFARRE 


Uremic pericarditis, once a terminal complication of uremia, can be successfully treated by pericardio- 
centesis, modified dialysis and, if necessary, surgery. Seven of nine patients with uremic pericarditis 
made an uneventful recovery after anterior pericardiectomy for relief of cardiac tamponade and re- 
sumed long-term intermittent dialysis. Two of these patients later received kidney transplants. 


CASE REPORTS 


850 Double Outlet Right Ventricle with Pulmonic Stenosis and Anteriorly Positioned Aorta (Taussig-Bing 
Variant). Report of a Case and Surgical Correction 


BROJAN AGARWALA, EUGENIE F. DOYLE, DELORES DANILOWICZ, FRANK C. SPENCER and 
NOEL M. MILLS 


This is the first reported case of successful surgical correction of double outlet right ventricle, infundibular 
pulmonic stenosis and anteriorly positioned aorta with use of a Dacron tunnel from the ventricular sep- 
tal defect to the aortic orifice and infundibular resection. 


855 Single Ventricle and Pulmonary Stenosis. Surgical Management in a Patient Over a Period of 25 
Years 


CONSTANTINE E. ANAGNOSTOPOULOS, PHILIP G. COLEMAN, HELEN B. TAUSSIG, LEON 
RESNEKOV and DONALD E. CASSELS 


Sequential aortopulmonary shunting with increasing age appears desirable in some patients with con- 
genital heart disease and severe polycythemia, as demonstrated by this 26 year old long-term active 
survivor of a Blalock-Taussig shunt at age 21 months, a Potts anastomosis at 9 years and an 8 mm 
Dacron shunt addition at age 24 years. 


860 Massive Calcification and Obstruction in a Homograft After the Rastelli Procedure for Transposition 
of Great Arteries 


SANG C. PARK, WILLIAM H. NECHES, CORA C. LENOX, JAMES R. ZUBERBUHLER and HENRY T. 
BAHNSON 


Massive calcification and obstruction of an aortic homograft 17 months after a Rastelli procedure are 
attributed to several unusual host and donor factors. The use of a fresh homograft from a more suitable 
donor or a woven Dacron conduit is recommended in similar situations to reduce the danger of such 
complications. 


865 Fatal Pulmonary Hemorrhage Complicating Use of a Flow-Directed Balloon-Tipped Catheter in a 
Patient Receiving Anticoagulant Therapy 


MICHAEL S. GOLDEN, THOMAS PINDER, Jr., WARREN T. ANDERSON and MELVIN D. CHEITLIN 


The authors suggest that fatal pulmonary hemorrhage secondary to distal pulmonary arterial rupture by 
a balloon-tipped catheter such as killed their 34 year old patient may be prevented by taking care to 
float the catheter into the wedge position as needed and not to advance it with deflation and subse- 
quent reinflation of the balloon. In addition, active hemoptysis should be considered a contraindication 


to exercise studies during catheterization. 
Continued on page A-19 
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The NEW 600 A DRAMATIC LEAP FORWARD 
IN DYNAMIC ELECTROCARDIOGRAPHY! 


M 


AVIONICS 





odel 660 Features: 


2-channel playback of Holter recordings 
2-channel paper writer 

120:1 playback ratio (24-hour recording 
scanned in 12 minutes) 

Trend recording of S-T segment and heart rate 
Digital display and chart recording of 
ventricular and supraventricular ectopic beats 
Total heart beat counter 

Digital display clock 

Automatic time print-out on ECG write-out 
Adjustable delay loop for tape deck 

Solid state, modular design 
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Name and Title 


Now available to every physician... an advanced 
ECG system for post MI follow-up, pacemaker 
evaluation, evaluation of drug administration, and 
detecting the causes of such fleeting symptoms as 
phantom chest pains and dizziness. 

Model 425 Holter Monitor 

Provides a 2-channel, 24-hour ECG recording of 
ambulatory patients. 

Model 660 Electrocardioscanner® 

Performs a 12-minute scan of the 24-hour, 2-chan- 
nel tape recording and provides standard ECG 
documentation of abnormalities and quantification 
of arrhythmia and ischemic data. 


Please send me the literature. | would like to know more about Holter monitoring 
and the Avionics Dynamic Electrocardiographic Systems. 


Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 





Organization 





Address 





City 


State_ Zip 





AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, Calif. 90045/Phone: (213) 641-7700 
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DIAGNOSTIC SHELF 


Noninvasive Diagnosis of Tricuspid Insufficiency Utilizing the External Doppler Flowmeter Probe 
ALBERTO BENCHIMOL, CHARLES L. HARRIS and KENNETH B. DESSER 
Comparative data in 31 control patients without tricuspid insufficiency and in 8 patients with sinus 
rhythm and 6 patients with atrial fibrillation and angiocardiographically demonstrable tricuspid. insuffi- 


ciency indicate the usefulness of the Doppler jugular venous blood velocity measurement as a reliable 
noninvasive technique to diagnose tricuspid insufficiency in patients with these rhythms. 


EDITORIALS 


Do Side by Side Great Arteries Merit a Special Name? 
RICHARD VAN PRAAGH 


Structure of the Ventricular Myocardium and Conduction System 
SIMON RODBARD 


Arthur M. Master, MD, FACC—1895 to 1973 
LESLIE A. KUHN 


SPECIAL DEPARTMENTS 


Letters to the Editor 

Left Ventricular Pressure in Transposition of Great Arteries—G. Borkat et al. 
Reviews in Cardiology 

American College of Cardiology News 
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A key element in 





hypertension puzzle 


The liver metabolizes 


significantly less aldosterone 
in hypertensives than in normotensives;^ 


A significantly decreased hepatic MCR 
(metabolic clearance rate) of aldosterone, 
without significantly decreased SR (secre- 
tion rate), was demonstrated in approxi- 
mately 90 percent of a group of 56 patients 
with benign essential hypertension! 


Thus “Failure of the aldosterone SR to 
fully adapt to the decrease in MCR may be 
responsible for a relative state of hyper- 
aldosteronism in many patients with BEH 
[benign essential hypertension], even when 
the secretion and excretion rates are within 
normal range. 


“It is conceivable that it is the mineralo- 
corticoid [aldosterone] excess that is 
leading to an increase of sodium content 
in the arteriolar wall and the hypertensive 
process itself, in many patients with BEH:”2 


Metabolic clearance of aldosterone in hypertensives 
and in normotensives* 


O O O O O Active aldosterone molecules 


OOOOO OOOOO 
OOOOO 












Normotensives 





Hypertensives 
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*Schematic representation 


To help control the 
aldosterone factor 
in essential 
hypertension 


Aldactazide 


(spironolactone 25 mg./hydrochlorothiazide 25 mg.) 


Bi Spironolactone blocks the pressor effect 
of aldosterone at the arteriole,3-5 and exerts 
natriuretic action in the distal renal tubule. 


E Hydrochlorothiazide exerts additive 
antihypertensive effect through its action at 
a different renal site. 


E Aldactazide helps maintain potassium 
balance—without the need for potassium 
supplements—because the potassium- 
sparing action of spironolactone offsets 
the potassium-losing effect of hydro- 
chlorothiazide. 


References: 1. Genest, J., in Thorn, G. W., and Melby, J. C. (Editors): 
Aldosterone in Clinical Medicine, Medcom" Learning Systems, New York, 
Medical Communications, Inc., 1972, pp. 64-75. 

2. Nowaczynski, W.; Kuchel, O., and Genest, J., in Genest, J. , and Koiw, E. 
(Editors): H pertension n'72, Berlin, Springer Verlag, 1972, pp. 244-255 
3. Crabbé, J.: Acta Endocrinol. (Kbh) 4 2 (Nov.) 1964. 

4. Liddle, G. W.: Arch. Intern. Med. 102. 39 9 

5. Liddle, G. W.: Ann. N.Y. Acad. Sci. 139:466~ 470 (Nov. 22) 1966. 


See following page for brief summary. 
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To help control the aldosterone factor 
in essential hypertension 


Aldactazide 


(spironolactone 25 mg./hydrochlorothiazide 25 mg.) 


Indications— Hypertension; edema or ascites of congestive heart fail- 
ure, cirrhosis of the liver and the nephrotic syndrome; idiopathic edema. 
Some patients with malignant effusion may benefit from Aldactazide 
therapy. 

Contraindications— Acute renal insufficiency, rapidly progressing im- 
pairment of the renal function. Anuria; sensitivity to thiazides or other 
sulfonamide-derived drugs. Probably contraindicated in acute or severe 
hepatic failure. 

larnings— Fixed-dose combination drugs are not indicated for initial 
therapy of edema or hypertension. Edema or hypertension requires peers 
titrated to the individual patient. If the fixed combination represents the 
dosage so determined, its ase may be more convenient in patient manage- 
ment. The treatment of hypertension and edema is not static, but must be 
reevaluated as concitions in each patient warrant. 

Potassium supplementation is recommended only in exceptional in- 
stances, but may be considered when a glucocorticoid is also given. 
Utilize normal dietary sources of potassium if possible when potassium 
supplementation is necessary. If enteric-coated potassium is used be alert 
to the possible development of hemorrhagic, stenotic, ulcerated or per- 
forated smali-bowe! lesions; deaths have occurred. The possibility of 
exacerbation or activation of systemic lupus erythematosus by sulfona- 
mide derivatives, including thiazides, has been reported. 

Administer thiazides with caution to pregnant or lactating patients. 
Adverse reactions which may occur in the adult (hyperbilirubinemia, 
thrombocytopenia, alterec carbohydrate metabolism, etc.) may possibly 
occur in the newborn, since thiazides cross the placental barrier and may 
also appear in breast milk. 

Precautions—Consider the possibility of fluid and electrolyte im- 
balance. Serum and urine electrolyte determinations are particularly 
important in patients with excessive vomiting or in those receiving fluids 
parenterally. Medications such as digitalis may also influence serum 
electrolytes. Warning signs of possible fluid and electrolyte imbalance 
are: dryness of the mouth, thirst, weakness, lethargy, drowsiness, rest- 
lessness, muscle pains, cramps or fatigue, hypotension, oliguria, tachy- 
cardia, gastrointestinal symptoms. Hypokalemia may develop with brisk 
diuresis in severe cirrhosis or during the concomitant use of giucocorti- 
coids or ACTH. Inadequate oral electrolyte intake contributes to hypoka- 
lemia. Hypokalemia may cause signs of digitalis intoxication with pre- 
viously tolerated doses of digitalis. 

Give Aldactazide cautiously to patients with severe liver disease since 
thiazides can precipitate hepatic coma; discontinue if mental confusion 
increases. Consider also other factors that may precipitate hepatic coma, 
including blood in the gastrointestinal tract or preexistent potassium 
depletion. Reversible elevation of NPN and BUN may occur in some pa- 
tients receiving Aldactazide. The most common electrolyte disturbance is 
dilutional hyponatremia wh ch requires appropriate corrective measures. 
A true low-salt syndrome is rare; discontinue Aldactazide and administer 
sodium for this condition. 

Although rare, the most potentially serious electrolyte disturbance is 
hyperkalemia; if this occurs discontinue Aldactazide and restrict potas- 
sium intake. Rarely, fatality due to hyperkalemia has been reported. 
Hyperkalemia is more likely to occur in severely ill patients with relatively 
small urine output or in patients receiving supplemental potassium; de- 
termine serum electrolytes frequently in such patients. Consider the 
possibility of hyperuricemia or a decrease in tolerance to glucose. 

Patients with severely resistant edema may have an increased diuretic 
response following the addition of a potent glucocorticoid, such as 15 to 
20 mg. of prednisone daily, to Aldactazide therapy. Supplemental potas- 
sium will usually be necessary in such patients and the usual precautions 
with Vesp aoas are necessary. Use caution if regional or general 
anesthesia is necessary since Aldactazide reduces vascular responsiveness 
to norepinephrine in such patients. Thiazides may increase responsive- 
ness to tubocurarine. The antihypertensive effects of hydrochlorothiazide 
may be enhanced in patients who have undergone sympathectomy. 

Pathologic changes in the parathyroid glands, with hypercalcemia and 
hypophosphatemia, have been observed.in 2 few patients on prolonged 
thiazide therapy. 

Thiazides may increase serum PBI levels without signs of thyroid 
disturbance. 

Adverse Reactions repor:ed with spironolactone use: Drowsiness and 
lethargy, mental confusion, diarrhea and other gastrointestinal Symptoms, 
photosensitivity, mild androgenic manifestations (including hirsutism, 
menstrual irregularity, deepening of the voice), gynecomastia, inability 
toachieveor to maintain erection, headache, maculopapular or erythema- 
tous cutaneous eruptions, urticaria, drug fever, ataxia. 

Adverse Reactions reported with thiazide use: purpura, thrombocy- 
topenia, leukopenia, agranulocytosis, gastrointestinal disorders (anorexia, 
nausea, vomiting, diarrhea, abdominal cramps), rash, pruritus, pares- 
thesia, acute pancreatitis, jeundice, dizziness, vertigo, headache, xan- 
thopsia, urticaria, necrotizing angiitis, aplastic anemia, orthostatic hypo- 
tension, muscle spasm, weakness, restlessness. Reduce dosage or with- 
draw drug whenever adverse reactions are moderate or severe. 

Dosage and Administration — Dosage should be determined by indi- 
vidual titration. For essential hypertension the daily adult dosage is two to 
four tablets in divided doses; continue treatment for two weeks or longer. 
Adjust the dosage according to the response of the patient. Reduce the 
dosage of other antihypertensive agents, particularly ganglionic blocking 
agents, by 50 percent since Aldactazide potentiates the action of such 
drugs. For ederna, ascites or effusion in adults the average dosage is one 
tablet 4 times daily; dosage may range from 1 to 8 tablets daily in divided 
doses. The daily dosage of Alcactazide in children should provide 0.75 to 
1.5 mg. of Aldactone" (spironolactone) per pound of body weight. 


[SEARLE] Searle & Co. 

San Juan, Puerto Rico 00936 
Address medical inquiries to: G. D. Searle & Co. 
Medical Department, Box 5110, Chicago, Illinois 60680 
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The Third 
Step in 
Angina. 


After the classic 
“2-Step” Test aids 
in a diagnosis of 
angina, sustained- 
release Nitro-Bid® 
(nitroglycerin) is a 
logical third step. 
Here's why. 

In angina secondary to 


arteriosclerotic heart 
disease, sustained-release 


Anot 
Anoir 






her patient benefit product from live 
—1 LABORATORIES. INC 


Nitro-Bid" (nitroglycerin) 
therapy assists in the 
"total management" 

of your patient. 


Nitro-Bid capsules reduce 
sublingual nitroglycerin 


requirements as they reduce 


the number of angina 
attacks... increase exercise 
tolerance. 


Sustained-release 
Nitro-Bid Plateau CAPS* 
providea 

metered sequence of 
medication during the 
night to protect against 
nocturnal angina attack. 


In titrating dosage, 
availability of 
different strengths 
" ..ls quite an 
asset..." 


Nitro-Bid 2.5 and 

Nitro-Bid 6.5 capsules 
afford two dosage 
strengths for convenience 
in increasing or decreasing 
dose to accommodate 
patient symptoms. 


MAR 















i 






NITRO-BID 2.5 


(nitroglycerin 2.5 mg) 
Plateau CAPS* 


NITRO-BID 6.5 


(nitroglycerin 6.5 mg) 
Plateau CAPS* 


INDICATIONS 

Based on a review of this drug by 
the National Academy of Sciences— 
National Research Council and/or 
other information, FDA has classified 
the indications as follows: 

* "Possibly" effective: 

For the management, prophylaxis 









or treatment of anginal attacks. 
Final classification of the less-than- 
effective indications requires further 
investigation. 








Contraindications: Recent myocardial 
infarction, severe anemia, glaucoma, 
increased intracranial pressure, 
idiosyncrasy 

Precautions: For ORAL, not sublingual, 
use. If blurring of vision or dryness of 
mouth occurs, discontinue drug. 
Tolerance may develop on long-term 
usage. 

Adverse Reactions: Occasional tran- 
sient headaches. Overdose may cause 
flushing, headaches, tachycardia 
dizziness. 

Dosage: One capsule two or three 
times daily at 8 to 12 hour intervals. 
Reference: 1. Master, AM: The 
management of angina pectoris. Modern 
Medicine 38:92-100 (Feb 23) 1970. 
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Vitatron Medical 
add 507, to pacemaker 


longevity 
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For Mazola facts and figures, write: Nutrition Informati 
Also available free for patients beginning a 


‘Two new action systems facilitate treatmen 


New for continuous infusion 


Xvlocaine (lidocaine) HCl 40 mg per ml 


 Single-use vial 
* New concentration, 40 mg per ml 


* Two new package sizes 
provide dosage flexibility 





Unique 
disposable transfer unit 
enclosed in each package 


* No more aspirating—provides a closed 
system for faster, easier transfer of 
Xylocaine to I. V. solutions. 

* Pre-sterilized. 

* Functions with or without vacuum. 





Í life-threatening cardiac arrhythmias 


New for ^bolus"administration 


Xylocaine (lidocaine) HCI 
intravenous 
prefilled syringe 








* Ready to use in seconds 

simply thread rod into plunger, 
break seal, remove needle guard and 
it functions like a standard syringe. 














© Provides accepted “stat” dose range 
contains 100 mg Xylocaine, 
graduated for accurate dosage variations. 


* Sterility maintained until moment of use 
permits storage at critical use areas. 


Please read with care the 
Brief Summary on the following page. 


Xylocaine didocaing HCl intravenous for — — 
acute management of life-threatening arrhythmias 











TABLEI 
Composition of available solutions 
Composition* 
Xylo- | Sodium 
caine HCI | Chloride 
Dosage Form (mg per EE 


For Direct 
Injection 





For Preparation 


ml) 
5 ml (100 mg) prefilled syringe 
5 ml (100 mg) ampule 
25 ml (One Gram) single use vial 40 
of Infusion 
Solutions 50 ml (Two Grams) single use vial 40 
*pH of all solutions adjusted to USP limits with sodium hydroxide. 
All containers are for single use: solutions do not contain preservatives. 





ACTIONS 


Xylocaine (lidocaine) has been reported to exert an anti- 
arrhythmic effect by increasing the electrical stimulation threshold 
of the ventricle during diastole. In usual therapeutic doses 
Xylocaine produces no change in myocardial contractility, in 
systemic arterial pressure or in absolute refractory period. 

Approximately 90% of an administered dose of Xylocaine is 
metabolized in the liver. The remainder (10% ) of the drug is 
excreted unchanged via the kidneys. 


CONTRAINDICATIONS 


Xylocaine is contraindicated (1) in patients with a known history 
of hypersensitivity to local anesthetics of the amide type; and 
(2) in patients with Adams-Stokes syndrome or with severe 
degrees of sinoatrial, atrioventricular or intraventricular block. 


WARNINGS 


Constant monitoring with an electrocardiograph is essential in the 
proper administration of Xylocaine intravenously. Signs of 
excessive depression of cardiac conductivity, such as prolongation 
of PR interval and QRS complex and the appearance or aggrava- 
tion of arrhythmias, should be followed by prompt cessation of 
the intravenous infusion of this agent. It is mandatory to have 
emergency resuscitative equipment and drugs immediately 
available to manage possible adverse reactions involving the 
cardiovascular, respiratory or central nervous systems. 

Evidence for proper usage in children is limited. 


PRECAUTIONS 


Caution should be employed in the repeated use of Xylocaine 
(lidocaine) in patients with severe liver or renal disease because 
accumulation may occur and may lead to toxic phenomena, since 
Xylocaine is metabolized mainly in the liver and excreted by the 
kidney. The drug should also be used with caution in patients 
with hypovolemia and shock, and all forms of heart block (see 
CONTRAINDICATIONS and WARNINGS). 

In patients with sinus bradycardia the administration of 
Xylocaine intravenously for the elimination of ventricular ectopic 
beats without prior acceleration in heart rate (e.g. by 
isoproterenol or by electric pacing) may provoke more frequent 
and serious ventricular arrhythmias. 


ADVERSE REACTIONS 
Systemic reactions of the following types have been reported. 
(1) Central Nervous System: lightheadedness; drowsiness; 
dizziness; apprehension; euphoria; tinnitus; blurred or double 


vision; vomiting; sensations of heat, cold or numbness; 
twitching; tremors; convulsions; unconsciousness; and respiratory 
depression and arrest. 
(2) Cardiovascular System: hypotension; cardiovascular collapse; 
and bradycardia which may lead to cardiac arrest. 
There have been no reports of cross sensitivity between 
Xylocaine and procainamide or between Xylocaine and quinidine. 


MANAGEMENT OF ADVERSE REACTIONS 


1. In the case of severe reaction discontinue the use of the drug. 

2. Institute the emergency resuscitative procedures and administer 
the emergency drugs necessary to manage the severe reaction. 

3. For severe convulsions, small doses of an ultrashort-acting 
barbiturate or a short-acting muscle relaxant (if the patient is 
under anesthesia) may be used. 


DOSAGE AND ADMINISTRATION 


Single Injection: Only the 5 ml dosage size should be used for 
direct injection. The usual dose is 50 to :00 mg administered 
intravenously under ECG monitoring. This dose may be 
administered at the rate of approximately 25 to 50 mg/ min. 
Sufficient time should be allowed to enable a slow circulation to 
carry the drug to the site of action. If the initial injection of 50 
to 100 mg does not produce a desired response, a second dose 
may be repeated after 5 minutes. 

NO MORE THAN 200 TO 300 MG OF XYLOCAINE 
(LIDOCAINE) SHOULD BE ADMINISTERED DURING A 
ONE HOUR PERIOD. 

In children experience with the drug is limited. 


Continuous Infusion: Following a single injection, using a 5 ml 
dosage size, in those patients in whom the arrhythmia tends to 
recur and who are incapable of receiving oral antiarrhythmic 
therapy, intravenous infusions of Xylocaine may be administered 
at the rate of 1 to 4 mg/ min. (20 to 50 ug/kg/min. in the average 
70 kg man). Intravenous infusions of Xylocaine must be admin- 
istered under constant ECG monitoring to avoid potentia! 
overdosage and toxicity. Intravenous infusion should be termi- 
nated as soon as the patient's basic cardiac rhythm appears to be 
stable or at the earliest signs of toxicity. It should rarely be 
necessary to continue intravenous infusions beyond 24 hours. 
As soon as possible, and when indicated, patients should be 
changed to an oral antiarrhythmic agent for maintenance therapy. 

Solutions for intravenous infusion may be prepared by the 
addition of one gram of Xylocaine to one liter of 5% dextrose in 
water, the preferred diluent. Approximately a 0.1% solution will 
result from this procedure; that is, each ml will contain 
approximately 1 mg of Xylocaine. Thus, 1 to 4 ml/ min. will 
provide 1 to 4 mg of Xylocaine/ min. 

In those cases in which fluid restriction is medically desirable, 
a more concentrated solution may be prepared. 

Please consult package literature for dosage and dilution 
instructions for Xylocaine intravenous infusion solutions. 

Xylocaine should not be added to blood transfusion assemblies. 


HOW SUPPLIED 


For direct injection Xylocaine (lidocaine) hydrochloride without 
preservatives is supplied in 5 ml (100 mg) ampules and in 5 ml 
(100 mg) prefilled syringes. 

For preparing intravenous infusion solutions, Xylocaine without 
sodium chloride or preservatives is supplied in one and twc gram 
single use vials. Each vial is packed with a pre-sterilized 
transfer unit. 
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HYPERTENSION 


HEART DISEASE 
DIABETES 


ELEVATED 
CHOLESTEROL 


You have your own therapeutic regimen to reduce these 
risk factors—the “Big Four" accelerators of stroke. 


and TIAs-the Prophetic Fifth Horseman 


Transient Ischemic Attacks 
(TIA’s) are another signal of im- 
pending stroke thatis particularly 
ominous. In fact, 3396 of patients 
with TIA's will develop a severe 
neurological deficit within 5 years. * 

For such patients, PAVABID 
(papaverine HCI) vasodilatation 
helps to preserve cerebral circula- 
tion. By reducing arterial tone, 
Pavabid therapy helps block 
vasospasm that can result in 


neurological damage. 
"Meyer, J. S., and Gilroy, J.: Medical Neurology, 


PAVABID 


(papaverine HCI, 
150 mg.) 
Plateau CAPS* 


Pavabid® Plateau CAPS” (Papaverine HCI, 
150 mg.)—Each capsule contains papaverine 
hydrochloride, 150 mg. in a special base for 
prolonged therapeutic effect. Indications 


ischemia associated with arterial spasm and 
myocardial ischemia complicated by arrhyth- 
mias. Dosage: One capsule every 12 hours 

In difficult cases, administration may be in- 
creased to one capsule every 8 hours, or two 
capsules every 12 hours. Precaution: Use with 
caution in patients with glaucoma. Hepatic 
hypersensitivity has been reported with gastro- 
intestinal symptoms, jaundice, eosinophilia 
and altered liver function tests. Discontinue 
medication if these occur. Side effects 
Infrequently reported side effects of papaverine 
include nausea, abdominal distress, anorexia, 
constipation, malaise, drowsiness, vertigo, 
sweating and headache, diarrhea and skin rash 


Another patient benefit product from 
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Model 5944— 
Bipolar Demand 
Pulse Generator 


Model 5945— 
Unipolar Demand 
Pulse Generator 


is based on one simple fact: 
lessen the drain on a power source 
and you extend its life. 

In the new Medtronic 
pacemakers, pulse width has been 
reduced to reduce the energy 
expenditure per pulse. 

Less energy expended 
means longer projected life. 

It's that simple. 








As pulse width narrows, projected 
life of the pulse generator is extende 


Another significant improvem 
combines the idea of energy 
compensation with a redundant cel 
depletion indicator. It works this waj 
when depletion of the first cell occu 
the new Medtronic pulse generators 
show a decrease in rate similar to 
most other pulse generators. But, th 
also automatically increase pulse 
width when depletion occurs. This 
increase in pulse width compensat 
for the decrease in voltage, thus 
providing a margin of safety above 
threshold while also serving as a 
positive cell depletion indicator. 
Single-cell depletion is an indicatid 
to replace the pulse generator. 

Longevity. Safety. And, the 
Medtronic reputation for reliability. 
Everything you and your patient 








Make Life Easier For You And Your Patients 
With ESB Medcor’s New Micro-Tip Electrode 


Pacer life can be effectively extended with the use 
of ESB Medcor’s new Micro-Tip electrode. The new 
electrode lowers the power requirement needed to 
stimulate the heart, and thus the drainage of power 
from the batteries is less than drainage when a 
standard electrode is used. It is also more highly 
sensitive to heart stimulation thresholds. 

The advent of the Micro-Tip electrode is another 
one of the results of ESB Medcor's technological 
effort to “make life easier for you and your patients. 

Development of the Micro-Tip electrode isa 
further step in energy conservation. Its current- 
carrying surface area is one-third the size of 
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standard electrodes and results in a 30 percent 
saving of battery power drain. Clinical experience 
has shown that the design of the Micro-Tip's 
shoulders prevents perforation of the heart wall. 
Combined with ESB Medcor's power-efficient 
pacer, which utilizes a “fail-safe” battery system 
and minimum current drain circuit to achieve 
greater reliability and longer life, the new Micro-Tip 
electrode becomes part of a long life pacer system. 
If you are interested in learning more about the 
Micro-Tip electrode or any other ESB Medcor 
product, contact ESB Medcor, Inc., P.O. Box 6699, 
Hollywood, Florida 33021. Tel.: (305) 791-8310. 


G) Metco’ 


Nitroglycerin 


still the drug of choice 
for acute angina? 


Most physicians agree that of the nitrates 
available for the relief of acute angina pectoris, 
sublingual nitroglycerin remains the drug of 
choice. However, nitroglycerin is an unstable 
compound that can migrate from tablet to tablet, 
from tablet to cotton packing, from tablet to air. 

And your patient may end up with too little 
nitroglycerin — just when its needed most. To help 
solve this problem, Parke-Davis has developed 
Nitrostat, a stabilized sublingual nitroglycerin. 





Nitrostat offers 
these important 
benefits: + Rapid relief of pain 
* Predictable patient response 
* Uniform potency from tablet to tablet 
* Stable sublingual dosage 
* Reliable in clinical confirmation of 
angina pectoris 
So whenever youre confronted by a patient 
with acute angina, think nitroglycerin. But 
write Nitrostat. 


N ITROSTAT.. ethe dependable nitroglycerin 


(nitroglycerin tablets, USP) 
Sublingual Tablets 


PARKE-DAVIS Parke, Davis & Company 
PD-JA-1045-1P (8-73) Detroit, Michigan 48232 


Mead Johnson announces 


anew way to lower 
with unsurpassed 
and safety 


QUESTRAN 


(CHOLESTYRAMINE) X 


serum cholesterol 
efficacy 





QUESTRAN 


(CHOLESTYRAMINE) 





anew way to lower 
serum cholesterol 


Questran (cholestyramine) 
acts by increasing bile 
acid excretion 


Questran, a basic anion exchange resin, 
works by binding bile acids in the intestine, 
thus increasing their excretion in the feces. 
Since the source of bile acids is liver choles- 
terol, more cholesterol must then be oxidized 
into bile acids to replace those lost. Hence, 
as fecal bile acid levels rise, serum choles- 
terol levels fal!.' 


Questran (cholestyramine) 
provides safety by acting 
only inthe Gl tract 


Questran is water-insoluble and is not ab- 
sorbed from the GI tract (as demonstrated 
by studies with C'*-cholestyramine). Thus, 
Questran does not directly affect metabolic 
processes or have any cumulative effect— 
both important safety considerations in long- 
term therapy.’ 





for type Il patients 


a new level of clinical 
efficacy 





Effect of Questran and diet versus diet with or without placebo 
type II hypercholesteremic patients? 








diet with or Questran A—diet only 
3504 341 without placebo and diet B. diet and placebo 
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period 


Cholesterol (mg./100 ml.) 





3weeks 4weeks 4 weeks 3 weeks 
Mean LDL or betalipoprotein 
(as cholesterol) levels 


3weeks 4 d 4 weeks 3 weeks 
Mean plasma cholesterol levels 


Effect of Questran versus clofibrate in 10 type II hypercholesteremic patients? 


E clofibrate HER Questran 


placebo 


351 





Mean cholesterol levels 


Mean betalipoprotein or LDL 
cholesterol levels 





Questran (cholestyramine) 
surpasses diet in efficacy 


A double-blind crossover study comparing 
Questran with placebo in 47 patients on diet 
(38 with Type Ila and 9 with Ilb hyperlipopro- 
teinemia) over a 14-week period showed that 
Questran lowered plasma cholesterol 20.6% 
and LDL cholesterol 27.2%. Values obtained 
with placebo did not differ significantly from 
control values.’ 


Questran vd ee ab 
Surpasses clofibrate in efficacy 


A double-blind study comparing Questran 
with clofibrate in the same 10 patients with 
Type Il hyperlipoproteinemia showed that 
plasma cholesterol and LDL cholesterol were 
lowered with clofibrate by 1196 and 4.696 
respectively. On the other hand, Questran 
produced about a three- to eight-fold greater 
response by lowering plasma cholesterol 
28% and (LDL cholesterol) 3896 respec- 
tively.’ 


Please see last page for prescribing information. 
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(UESTRAN 


(CHOLESTYRAMINE) 


therapy of choice” in type Il hyperlipoproteinemia 





Type Il is potentially the most dangerous of the hyperlipoproteinemias 
and is the most difficult to manage with diet alone. 
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“Type lla is best treated by a combination of diet and cholestyramine 


~ | VERY RARE [IIE RELATIVELY UNCOMMON IV COMMON =| — V UNCOMMON — 
. Normal or slightly Elen terol; | Elevated cholesterol Frequently normal | Elevated cholesterol 
- elevated cholesterol; lor ly and triglycerides cholesterol; elevated | and triglycerides - 
elevated triglycerides | elevate ceri ; Diaes S Š ; 


EE 


ae rset 





Creamy layer over Turbid; may have Creamy layer over A 
. clear Ein, / ; faint creamy ayr turbid infranatant 
Diet and clofibrate Sa ES 
BU. O E Ere Clofibrate or Net acid es 
"There is currently no "Cholestyramine... “Clofibrate is effective “In many instances diet “Nicotinic acid appears 
helpful drug therapy for | with diet is clearly more | especially when coupled | alone will normalize to be the more effective 
this disorder.” effective than either with therapeutic diet."? | the plasma lipids.”S 
alone.””2 
A38 


of the two drugs." 5 


sage: One 4-gm. packet 
or scoopful dissolved 
in water three 

or four times daily. 


TRAN*(CHOLESTYRAMINE) 


DESCRIPTION 
an Powder contains cholestyramine, the chloride salt of a basic anion ex- 
+ resin. This resin is a large polymer which contains quaternary ammonium 
; attached to a styrene-2% divinylbenzene skeleton. Nine grams of Questran 
valent to 4 grams of cholestyramine resin. 


y ACTIONS. 

tterol is the major, and probably the sole precursor of bile acids. During normal 
ion. bile acids are secreted via the bile from the liver and gall bladder into the 
nes. Bileacids emulsifythefat and lipid materials presentin food, thus facilitating 
stion. A major portion of the bile acids secreted is reabsorbed from the intestines 
turned via the portal circulation to the liver, thus completing the enterohepatic 
Only very small amounts of bile acids are found in normal serum. 
lestyramine resin absorbs and combines with the bile acids in the intestine to 
in insoluble complex which is excreted in the feces. This results in a contin- 
though partial, removal of bile acids from the enterohepatic circulation by 
iting their reabsorption. 

se cholestyramine is an anion exchange resin, the chloride anion attached to 
aternary ammonium groups of the resin can be replaced by other anions, 
y those with a greater affinity for the resin than chloride ion. Bile acids are 
ly bound by the resin as are some other acidic anions. In contrast, neutral or 
sompounds are usually less firmly bound 

lestyramine is quite hydrophilic, but it is not soluble in water nor is it hydro- 
by digestive enzymes. The cholestyramine in Questran is not absorbed from 
estinal tract 

‘an in reduction of serum lipid levels: 

creased fecal loss of bile acids due to Questran administration leads to an 
sed oxidation of cholesterol to bile acids, a decrease in beta lipoprotein or 
msity lipoprotein plasma levels and a decrease in serum cholesterol levels 
igh in man Questran produces an increase in the hepatic synthesis of choles- 
plasma cholesterol levels fall. 

dence has been gathered to show that this fall in cholesterol is secondary to 
reased rate of clearance or removal of cholesterol rich lipoproteins (beta or 
ensity lipoproteins) from the plasma. Serum triglyceride levels may increase 
tain unchanged in cholestyramine-treated patients 

fan in pruritus due to partial biliary obstruction: 

the secretion of bile is partially blocked, the concentration of bile acids in the 
irises. 

patients with partial biliary obstruction, the reduction of serum bile acid 
by cholestyramine resin through increasing fecal bile acid excretion is thought 
o reduce excess bile acids deposited in the dermal tissues with resultant 


ase in pruritus. 

prurit ONS 
ran (cholestyramine) is indicated: 
is adjunctive therapy to diet in the management of patients with elevated choles- 
erollevels dueto primary type Il hyperlipoproteinemia (patients with pure hyper- 
tholesterolemia). Cholestyramine has been shown to have noeffect or to increase 
riglyceride and often cholesterol levels in subjects with hypertriglyceridemia or 
:ertain types of combined hypercholesterolemia and hypertriglyceridemia (types 
_ Ill, IV and V hyperlipoproteinemia) and is therefore not suitable for use in these 
fisorders 
For the relief of pruritus associated with partial biliary obstruction Patients 
vith primary biliary cirrhosis may exhibit an elevated cholesterol as part of 
heir disease. When cholestyramine resin is used to treat the pruritus of partial 
riliary obstruction it may lower the serum cholesterol levels in some patients, 
yroduce no change, or cause a rapid escape from a temporary lowering to 
xre-treatment levels or rebound 


AN IMPORTANT NOTE: It has not been established whether drug-induced 
owering of serum cholesterol or other lipid levels has a detrimental, a bene- 
ficial, or no effect on the morbidity or mortality due to atherosclerosis or 
toronary heart disease. Several years will be required before current investi- 
gations can yield an answer to this question. 

CONTRAINDICATIONS 
tran is contraindicated in those individuals who have shown hypersensitivity 
y of its components. 
estran is contraindicated in patients with COMPLETE biliary obstruction where 
3 not secreted into the intestine 


WARNINGS: 
ESTYRAMINE RESIN SHOULD NOT BE TAKEN IN ITS DRY FORM. ALWAYS 
JHOLESTYRAMINE RESIN WITH WATER OR OTHER FLUIDS BEFORE INGESTING 


n 

ase of cholestyramine resin in pregnancy or lactation or by women of child- 
ng age requires that the potential benefits of drug therapy be weighed against 
Jossible hazards to the mother and child. The safe use of cholestyramine 
by pregnant women has not been established 

n Children 

(perience in infants and children is limited, a practical dosage schedule has not 
established. 


| 


The effects of long term drug administration, as well as its effect in maintaining 
lowered cholesterol levels in pediatric patients, are unknown 


PRECAUTIONS 
Because it sequesters bile acids, cholestyramine resin may interfere with normal 
fat absorption and thus may prevent absorption of fat soluble vitamins such as 
A, D and K. If cholestyramine resin is to be given for long periods of time, supple- 
mental vitamin A and D should be given daily in a water-miscible form or admin- 
istered parenterally. 

Chronic use of cholestyramine resin may be associated with increased bleeding 
tendency due to hypoprothrombinemia associated with vitamin K deficiency. This 
will usually respond promptly to parenteral vitamin K, and recurrences can be 
prevented by oral administration of vitamin K.. 

SINCE CHOLESTYRAMINE RESIN MAY BIND OTHER DRUGS GIVEN CONCURRENTLY, 
THE INTERVAL BETWEEN THE ADMINISTRATION OF CHOLESTYRAMINE RESIN 
AND ANY OTHER MEDICATION SHOULD BE AS GREAT AS IS FEASIBLE. PATIENTS 
SHOULD TAKE OTHER DRUGS AT LEAST ONE HOUR BEFORE OR FOUR TO SIX 
HOURS AFTER CHOLESTYRAMINE RESIN TO AVOID IMPEDING THEIR ABSORPTION 

Questran (cholestyramine) may interfere with normal fat digestion if administered 
in large doses 

Serum triglyceride levels should be measured periodically to ensure that signif- 
icant changes have not occurred 

There is a possibility that prolonged use of cholestyramine, since it is a chloride 
form of anion exchange resin, may produce hyperchloremic acidosis. This would 
especially be true in younger and smaller patients where the relative dosage may 
be higher 

Cholestyramine may produce or severely worsen pre-existing constipation. In 
patients with constipation, decrease the dosage of cholestyramine resin since it 
may produce impaction 

In patients whose use of Questran will be as a cholesterol lowering agent gastro- 
intestinal dysfunction should be evaluated prior to the use of this preparation. In 
these patients effort should be made to avert severe constipation and its inherent 
problems especially in those with clinically symptomatic coronary artery disease 


ADVERSE REACTIONS 

The most common adverse reactions are confined to the gastrointestinal tract. Con- 
stipation is the major single complaint and at times is severe and occasionally 
accompanied by fecal impaction and/or hemorrhoids with or without bleeding. Pre- 
disposing factors for most of these complaints when used as cholestercl lowering 
agent are high dose (more than 24 gm./d.), and increased age (more than 60 years 
old). Most instances of constipation are mild, transient, and controlled with stan- 
dard treatment. Some patients require a temporary decrease in dosage or discon- 
tinuation of therapy. 

Less frequent gastrointestinal complaints are: abdominal discomfort (abdominal 
pain and distention). flatulence, nausea, vomiting, diarrhea, heart burn, anorexia, 
indigestive feeling and steatorrhea 

Bleeding tendencies due to hypoprothrombinemia (Vitamin K deficiency) as well 
as Vitamin A (one case of night blindness reported) and D deficiencies 

Rash and irritation of the skin, tongue and perianal area 

Hyperchloremic acidosis in children, osteoporosis. 

One ten month old baby with biliary atresia had an impaction presumed to be due 
to cholestyramine resin after three days administration of 9 grams daily. She 
developed acute intestinal sepsis and died 

Occasional calcified material has been observed in the biliary tree, including 
calcification of the gall bladder, in patients to whom cholestyramine resin has been 
given. However, this may be a manifestation of the liver disease and not drug related 

One patient experienced biliary colic on each of three occasions on which he 
took Questran. One patient diagnosed as acute abdominal symptom complex was 
found to have a “pasty mass” in the transverse colon on x-ray. 

Other events (not necessarily drug-related) reported in patients taking Questran 
include: Gl-rectal bleeding, black stools, hemorrhoidal bleeding, bleeding from 
known duodenal ulcer, dysphagia, hiccups, ulcer attack. sour taste, pancreatitis, 
rectal pain, diverticulitis. 

Hematologic — Decreased prothrombin time, ecchymosis, anemia 
Cardiovascular — Claudication, xanthomas of hands and fingers, angina. arteritis. 
thrombophlebitis, myocardial infarction, myocardial ischemia, increased postpran 
dial angina, chest pains 

itivity — Urticaria, asthma, wheezing, shortness of breath 
Musculoskeletal — Backache, muscle and jcint pains, arthritis 
Neurologic — Headache, anxiety, vertigo. dizziness, fatigue. tinnitus, syncope, drow- 
siness, femoral nerve pain, paresthesia 
Eye — Arcus juvenilis, uveitis 
Renal — Hematuria, dysuria, burnt odor to urine, diuresis 
Miscellaneous — Weight loss, weight gain. increased libido, swollen glands. edema, 
dental bleeding 


DRUG INTERACTIONS: 
Since cholestyramine is an anion exchange resin, Questran may have a strong 
affinity for acidic materials and may also absorb neutral or. less likely. basic 
materials to some extent Therefore cholestyramine resin may delay or reduce 
the absorption of concomitant oral medication such as phenylbutazone. war 
farin, cholorothiazide (acidic). as well as tetracycline. phenobarbital. thyroid and 





thyroxine preparations, and digitalis. The discontinuance of the cholestyramine res- 
in could posea hazard to health if a potentially toxic drug such as digitalis has been 
titrated to a maintenance level while the patient was taking cholestyramine resin 


DOSAGE AND ADMINISTRATION 

Usual dose for use as either an adjunct to dietary management of elevated choles- 

terol levels or for pruritus of partial biliary obstruction. 
The recommended initial adult dose is one packet or one scoopful (containing 

4 gm. of cholestyramine resin in 9 grams of Questran) three times daily before 

meals. Dosage may be adjusted as required to meet the patient's needs. The usual 

maintenance dose is 4 gm. of cholestyramine resin (9 gm. Questran) three times a 

day (before meals) or four times a day (before meals and at bedtime) 

Questran should not be taken in its dry form. Always mix Questran powder with water or 

other fluids before ingesting. 

Usage in children: 
The dosage in infants and children has not been established Initiate therapy 
with small doses. Subsequent adjustment of dosage should be made depending 
upon the clinical or laboratory response and the benefit/risk ratio 

For use in cholesterol lowering 

1. Define the type of hyperlipoproteinemia 

2.A trial of diet, weight reduction etc should be instituted before therapy with 
Questran. 

3. Baseline cholesterol levels should be established 

4. The patient should be carefully monitored both clinically and with serum choles- 
terol levels. 

5. Failure of cholesterol to fall or a significant rise in triglyceride level should be 
considered as indications to discontinue medication 

6. In the original clinical trials some investigators used more than the usual 16 
gms. of cholestyramine per day. If the patient takes more than 24 gm. of 
cholestyramine resin per day (6 packages or 6 scoopsful), he should be observed 
for increased side effects 


PREPARATION 

1. Place the contents of one packet or one level scoopful of Questran on the 
surface of 4-6 fluid ounces of the preferred beverage (water, milk, orange or 
pineapple juice or other fruit juice) 

2. Allow to stand without stirring for one to two minutes, twirling the glass occasion- 
ally. (Questran absorbs moisture, and lumping can be avoided by permitting it 
to hydrate for approximately one minute before stirring.) 

3. Stir to obtain a uniform suspension 

4. Rinse the glass with additional fluid to ensure taking the full amount. 


ALTERNATIVE METHODS OF PREPARATION 

1. If preferred, Questran (cholestyramine) may be mixed with highly fluid soups, or 
pulpy fruits witha high moisture content, such as applesauce or crushed pineapple. 

2. Questran may also be mixed with carbonated beverages. if care is exercised. The 
many small powder particles promote the liberation of carbon dioxide (CO. ) from 
carbonated beverages, and excessive foaming may result This is controllable if 
a large glass is used, and if the mixture is stirred slowly. 


HOW SUPPLIED 


Questran is available in cartons of 50 packets or in cans. Each 9 gram packet or 
level scoopful (9 grams) supplies 4 gm. of active ingredient 

Bibliography available by writing to Medical Research Department, Mead Johnson 
Laboratories, Evansville, Indiana 47721 . 
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CHEWABLE —_- 
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ISOSORBIDE DINITRATE 5MG- ie eee Boe 


oes beyond the 
benefits of Pham 


nitroglycerin: ; 





die. 
PEL 


> am Y AB m ta" 


zt 


q 





For up to two hours of 
protection, your angina patient 
needs more than sublingual 
nitroglycerin. 

And Chewable Sorbitrate 
provides more. 


O Acts almost as fast as 
nitroglycerin...lasts about 
4 times as long. 


0 5 10 30 1 hr. 2 hr. 









NITROGLYCERIN SUBLINGUAL 
approximate onset of action... 
2 minutes 

approximate duration of action... 
20 to 30 minutes 


O More stable in air than 
sublingual nitroglycerin: 
it can be stored or carried with 
no significant loss of potency. 


O And when indicated: Sorbitrate* 
(isosorbide dinitrate) 
Sublingual 5 mg. and 2.5 mg. 


SUMMARY OF PRESCRIBING INFORMATION 

Mode of action: The mechanism of action of SORBITRATE (isosor- 
bide dinitrate) is unknown, although the basic pharmacologic action 
is to relax smooth muscle. Isosorbide dinitrate reduces in number 
and severity the incidence of angina pectoris attacks, with con- 
comitant reduction in nitroglycerin intake. 

Indications: Sublingual and Chewable: For the prevention and treat- 
ment of angina pectoris. 

Oral: For the relief of angina pectoris. It is not intended to abort 
the acute anginal episode. SORBITRATE WITH PHENOBARBITAL 
is indicated for patients in whom the angina pectoris is accompanied 
by anxiety or its related symptoms. 

Contraindications: A history of sensitivity to the drug. 

Warnings: Data supporting the use of nitrates during the early days 
of the acute phase of myocardial infarction are insufficient to estab- 
lish safety. Phenobarbital may be habit forming. 

Precautions: Should be used with caution in patients who have 
glaucoma. Tolerance and cross tolerance to other nitrates may occur. 
Adverse Reactions: Headache which may be severe and persistent. 
Lowering the dose and using analgesics will help control the head- 
aches which usually diminish or disappear as therapy is continued 

Adverse reactions seen occasionally: Cutaneous vasodilation with 
flushing; transient dizziness and weakness as well as other signs 'of 
cerebral ischemia associated with postural hypotension; individual 
marked sensitivity to the hypotensive effects of nitrates wherein se- 
vere responses can occur even with the usual therapeutic dose (alco- 
hol may enhance this effect); drug rash and/or exfoliative dermatitis 

This drug can act as a physiological antagonist to norepinephrine, 
acetylcholine, histamine and other agents. 

Dosage and Administration: Route: Sublingual, oral and chewable 
tablets. 

Individual Dose: To minimize hypotensive responses, which may 
occasionally be severe with chewable doses as low as 5 mg., the 
smallest effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. Sublingually or orally, 5 to 10 mg 
is the range commonly used although doses of up to 30 mg. have 
frequently been employed. 

Dosage Schedule: Smallest effective dose necessary for the pre- 
vention and treatment of pain of an anginal attack. Sublingual 
SORBITRATE may be taken p.r.n. or at 4 to 6 hour intervals; Oral 
SORBITRATE may be taken 3 to 4 times daily. CHEWABLE 
SORBITRATE may be taken for prompt relief of anginal pain 3 or 4 
times daily. Although the onset and duration of effect of coronary 
nitrates may vary, following are the generally reported ranges of 
these values for SORBITRATE: 

Onset of Effect: Sublingual and Chewable: 2 to 5 minutes. Oral: 
15 to 30 minutes. 

Duration of Effect: Sublingual and Chewable: 1 to 2 hours. Oral: 
Estimated to be 4 to 6 hours 

It is recommended that the oral dosage be taken on an empty 
stomach. 


F STUART PHARMACEUTICALS | ow ot ICI America Inc 
WILMINGTON, DEL. 19899 


‘Anxiety hypertension superimposec 
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The Somatic Protest 


Excessive anxiety or apprehen- 
sion can initiate a sequence of com- 
plex neurohormonal events which, in 
susceptible patients, may lead to 
anxiety hypertension. Superimposed 
on hereditary essential hypertension, 
this can complicate the course of the 
disease and its management. (rr 
Excessive anxiety may be an 
emotional response to 
endogenous or environ- 
mental stress, and is often 
reported to result not only 
in higher blood pressure 
but also in tachycardia or 
cardiac arrhythmias. Tran- 
sient B.P. elevation may 
occur when the measure- 
ment is made in the physicians office. 
In some hypertensive patients, aware- 
ness of the disorder alone can gener- 
ate anxiety severe enough to increase 
the blood pressure. 
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The adjunctive use of Librium 

can help reduce excessive anxiety 
complicating essential hypertension. 
Physicians have found Librium to be 
dependably effective against clinically 
significant anxiety. Because of its wide 
margin of safety, the necessity of dis- 
continuing therapy with Librium be- 
cause of undesirable effects has been 
rare. In general use, the most common 
side effects reported have been drows- 
iness, ataxia and confusion, particu- 
larly in the elderly and debilitated. 

(See summary of product information.) 
Librium is available in 5-mg, 10-mg 
and 25-mg capsules, permitting indi- 
vidualized treatment of varying levels 
of anxiety. 


For moderate to severe 
anxiety aggravating 
essential hypertension 


: adjunctive 
Librium 10 mg 
(chlordiazepoxide HCT) 

10r2 capsules t.i.d./q. i.d. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, N.J. 07110 


Please see following page for summary of product information. 





Adjunct to cardiovascular drug therapy 
Librium is used concomitantly with certain 
primary medications, such as cardiac glycosides, diuretics, 
antihypertensives and vasodilators. 


For relief of excessive anxiety in 


functional and organic 


cardiovascular disorders 


Librium: 


(chlordiazepoxide HCI) 


5-mg,10-mg and 25-mg capsules 


Before prescribing, please consult com- 
plete product information, a summary 
of which follows: 


Indications: Relief of anxiety and tension 
occurring alone or accompanying various 
disease states. 


Contraindications: Patients with known 
hypersensitivity to the drug. 


Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. As with all CNS-acting 
drugs, caution patients against hazardous 
occupations requiring complete mental 
alertness (e.g., operating machinery, 
driving). Though physical and psychologi- 
cal dependence have rarely Deen reported 
on recommended doses, use caution in 
administering to addiction-prone indi- 
viduals or those who might increase 
dosage; withdrawal symptoms (including 
convulsions), following discentinuation of 
tne drug and similar to those seen with 
barbiturates, have been reported. Use of 
any drug in pregnancy, lactation, or in 
women of childbearing age requires that 
its potential benefits be weigned against 
its possible hazards. 

Precautions: In the elderly and debilitated, 
and in children over six, limit to smallest 
effective dosage (initially 10 mg or less 
per day) to preclude ataxia or overseda- 


BAA 


tion, increasing gradually as needed and 
tolerated. Not recommended in children 
under six. Though generally not recom- 
mended, if combination therapy with other 
psychotropics seems indicated, carefully 
consider individual pharmacologic effects, 
particularly in use of potentiating drugs 
such as MAO inhibitors and phenothi- 
azines. Observe usua! precautions in 
presence of impaired renal or hepatic 
function. Paradoxical reactions (e.g., 
excitement, stimulation and acute rage) 
have been reported in psychiatric patients 
and hyperactive aggressive children. 
Employ usual precautions in treatment of 
anxiety states with evidence of impending 
depression; suicidal tendencies may be 
present and protective measures neces- 
sary. Variable effects on blood coagulation 
have been reported very rarely in patients 
receiving the drug and oral anticoagulants; 
causal relationship has not been estab- 
lished clinically. 


Adverse Reactions: Drowsiness, ataxia 
and confusion may occur, especially in the 
elderly and debilitated. These are reversi- 
ble in most instances by proper dosage 
adjustment, but are also occasionally 
observed at the lower dosage ranges. Ina 
few instances syncope has been reported. 
Also encountered are isolated instances 

of skin eruptions, edema, minor menstrual 
irregularities, nausea and constipation, 


extrapyramidal symptoms, increased and 
decreased libido—all infrequent and 
generally controlled with dosage reduc- 
tion; changes in EEG patterns (low-voltage 
fast activity) may appear during and after 
treatment; blood dyscrasias (including 
agranulocytosis), jaundice and hepatic 
dysfunction have been reported occa- 
sionally, making periodic blood counts 
and liver function tests advisable during 
protracted therapy. 


Usual Daily Dosage: Individualize for 
maximum beneficial effects. Oral—Adults: 
Mild and moderate anxiety and tension, 5 
or 10 mg t.i.d. or q.i.d.; severe states, 20 or 
25 mg t.i.d. or q.i.d. Geriatric patients: 

5 mg b.i.d. to q.i.d. (See Precautions.) 


Supplied: Librium® (chlordiazepoxide 
HCl) Capsules, 5 mg, 10 mg and 25 mg— 
bottles of 100 and 500; Tel-E-Dose& 
packages of 1000. Libritabs® (chlordiaz- 
epoxide) Tablets, 5 mg, 10 mg and 25 mg— 
bottles of 100 and 500. With respect to 
clinical activity, capsules and tablets are 
Indistinguishable. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley. N.J. 07110 





tolerance 

to exercise 
Improved for 
angina 
patients 


INDICATIONS: For the prophylaxis and long-term 
management of patients with frequent or recurrent 
anginal pain and reduced exercise tolerance 
associated with angina pectoris, rather than for the 
treatment of the acute attack of angina pectoris, 
since its onset of action is somewhat slower than 
that of nitroglycerin. 


PRECAUTIONS: As with other effective nitrites, 
some fall in blood pressure may occur with large 
doses. Caution should be observed in patients with 
a history of recent cerebral hemorrhage, because 
of the vasodilatation which occurs in the area. 
Although therapy permits more normal activity, 
the patient should not be allowed to misinterpret 
freedom from anginal attacks as a signal to drop 
all restrictions. 


SIDE EFFECTS: No serious side effects have been 
reported. As with nitroglycerin or other effective 
nitrites, temporary vascular headache may occur 
during the first few days of therapy. This can be 
controlled by temporary dosage reduction in order 
to allow adjustment of the cerebral hemodynamics 
to the initial marked cerebral vasodilatation. These 
headaches usually disappear within one week of 
continuous therapy but may be minimized by the 
administration of analgesics such as Empirin® 
Compound. 

Mild gastrointestinal disturbances occur occa- 
sionally with larger doses and may be controlled by 
reducing the dose temporarily. 

SUPPLIED: 10 mg. chewable tablets. Bottles of 100. 
Also 5, 10 and 15 mg. scored tablets in bottles of 100. 
10 mg. scored tablets also supplied in bottles 

of 1000. 

Also available: Cardilate-P brand Erythrityl 
Tetranitrate with Phenobarbital (Warning: may be 
habit-forming). 


Cardilate 
[eruthritul tetranitrate) 


chewable tablets 10 mg. 

t.i.d. or q.i.d. (p.r.n.) 

an effect appears in approximately 5 minutes 

—total duration of effect up to 4 hours. 
Complete literature available on request 

from Professional Services Dept. PML. 


Mx Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome / North Carolina 27709 





4 reasons why you should continue 
to recommend Fleischmanns Margarine as 


part of a low saturated fat diet. 


c € 


vegetable oils in lowering serum cholesterol. 


For years you ve known about the excellent P/S ratio 
of Fleischmann's? Margarine; it's high in polyunsat- 
urates, low in saturated fat. Fleischmann's is made from 
100% corn oil; almost one cup is important liquid corn 
oil. And clinical tests have shown corn oil is unsurpassed 
among vegetable oils for lowering serum cholesterol.1-9 
And because Fleischmann 's is made from 100% corn 
oil, it tastes delicious. 

It is reported that the natural plant sterols of corn oil, 
in addition to its excellent P/S ratio, may play an 
important role in corn oil’s hypocholesteremic effect. 


Clinical studies show corn oil is unsurpassed among 


Each pound contains almost 
one cup liquid corn oil. 
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4 
Makes sensible eating delicious. 


Studies indicate that natural plant sterols exert an 
independent suppressant effect on serum cholesterol.6,7,10 
Corn oil has a higher content of these sterols than 
other commonly used vegetable oils. This unique 
combination of factors, P/S ratio and plant sterols, is 
believed responsible for corn oil being unsurpassed in 
lowering serum cholesterol.45 

Fleischmann's Margarine can be recommended 
with confidence for low cholesterol/low saturated fat diets 
because it is made from 10076 corn oil. Fleischmann's 
makes sensible eating delicious. 


And one coupon to get | 
our free booklets to help your patients 
stay on that diet. 
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Tasty, nutritious and interesting 
dishes prepared without salt. 





n Model low saturated fat menus, delicious 
recipes, calorie-controlled diets. 


Fleischmann’s Margarine 
P.O. Box 1422 
Elm City, N.C. 27822 


Please send me informational, recipe and menu booklets 
to augment my instructions to patients. (Check Booklets Desired) 


— — "Dietary Control of Cholesterol" 

— —— "Low-Sodium Diets Can Be Delicious” 

— — — "The Prevention of Heart Disease Begins in Childhood" 

(A handy reorder card for quantity requests will be sent with each booklet.) 


The importance of 
a good diet at all 
ages. Foods listed by 

/ saturated fat content. 





m 
Dr. : 
opm Allow 4 to 6 weeks for delivery. Orders 4 
Address without zip code cannot be accepted. Offer 
good only in U.S.A. Void where prohibited 
GR oc o dew ipsae cet 2 gee te hn eR or restricted by law. 


1. Hegsted, D.M., et al: Amer. J. Clin. Nutr. 17:281, Nov. 1965. 2. Perkins, R., 
et al: JAMA 169:1731, Apr. 11, 1959. 3. Jolliffe, N.: Metabolism 10:497, July 
1961. 4. Grande, F., et al: Proc. Soc. Exp. Biol. Med.98:436, June 1958. 

5. Armstrong, W.D, et al: Proc. Soc. Exp. Biol. Med. 96:302, Nov. 1957. 

6. Farquhar, J.W., and Sokolow, M.: Circulation 17:890, May 1958. 

1. Beveridge, J.M.R., et al: J. Nutr. 83:119, June 1964. 8. Brown, H.B., et al: 
JAMA 196:205, Apr. 18, 1966. 9. Stare, F.J.: J. Amer. Diet. A.48-88, 

Feb. 1966. 10. Krantz, J.C., Jr. and Carr, C.J.: Pharmacologic Principles of 
Medical Practice, 5th ed., Williams € Wilkins, Baltimore 1961, p. 1457. 
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THERMODILUTION 


Using room temperature indicator! 


THERMODILUTION CARDIAC 


OUTPUT METER AND 
INTEGRATOR 


€ An intermediate instrument between the simple 
bridge and full scale computer. 

€ Battery operated—no shock hazards. Rechargeable. 

@ Will work with any thermistor catheter on the market; 
including Swan-Gantz balloon flow-directed catheter. 

€ Equipped with a recorder output. 

€ Provides information on the area under the dilution 
curve, (Extrapolates the dilution curve!) 

€ Price: $1,540.00 


THERMO AND DYE DILUTION 


CARDIAC OUTPUT COMPUTER 


€ Equipped with Thermodilution and/or Dye Dilution 
Densitometer 

€ Easy calibration, automatic zeroing. 

| € Remote control by foot switch. 

€ Digital readout in L/min. 

€ Recorder outputs. 


COLUMBUS INSTRUMENTS 


T Div. of International Instruments Co. 
P. O. Box 5244 Columbus, Ohio 43212 


Telephone: (614) 488-6176 








HEALTH INDUSTRY 
CAREERS 
FOR CARDIOLOGISTS 
AND INTERNISTS 


We have many challenging assign- 
ments in industry for physicians 
who want to combine medical 
knowledge, scientific inquisitive- 
ness and administrative skills. 


Directors of 


CLINICAL PHARMACOLOGY 
(PHASES | & II) 
CLINICAL TRIALS 
(PHASE III) 
CLINICAL DEVELOPMENT 
(PHASE IV) 


Also, Associate Directors and Clin- 
ical Investigation Monitors. 


Positions in Midatlantic, Philadel- 
phia area and Midwest. 


Physicians Board-Certified or 
Board-Eligible in Cardiology or 
Internal Medicine preferred. Aca- 
demic and/or administrative back- 
ground and knowledge of clinical 
research procedures, particularly 
in the cardiovascular area—a plus. 
Must have ability to plan, adminis- 
trate, and communicate. Experi- 
ence in practice or in the pharma- 
ceutical industry desirable. 


Excellent total compensation 
packages. 


Our clients pay all fees. Send your 
curriculum vitae, geographic pref- 
erences, and salary requirements 
in confidence to: 


SAMPSON * NEILL 


ASSOCIATES INC 


543 Valley Road 
Upper Montclair, N.J. 07043 
(201) 783-9600 


First In Executive Search 
For The Health Industries 





INTRODUCING 
THEHYCE 
CARDIAC MONITORING SYSTEM. 


BECAUSE HEARTBEATS ARE 
AS INDIVIDUAL AS FINGERPRINTS. 





A NEW CONCEPT 
IN CARDIAC MONITORING: 
THE CREATION OF A 
UNIQUE PATIENT ENVELOPE. 





Only the HYCEL Cardiac Monitoring 
System measures individual patients’ 
ECG against their own established 
norms or "envelopes." As many as 
eight different patients may be 
monitored simultaneously, each 
independently of the other. 

The HYCEL system measures a 
patient's ECG pattern against his own 
established norm, not a single 
arbitrary norm for all patients. The 
norm is established at the time the 
patient is connected to the system and 
automatically reestablished in the 
event of any significant change. 
During the patient's acquisition period, 





representative sample heartbeats are 
monitored and "filed" in an 
"envelope" for subsequent ECG 
comparison. The picture (left) is a 
graphic representation of the 
acquisition period during which the 
envelope is created. Deviation from 
the limits set by the physician 
immediately activates an alarm. 


THE CONCEPT OF 
ESTABLISHING STRATEGIES. 


The HYCEL Cardiac Monitoring 
System measures the full range of 
ECG parameters—PR, QRS, ST, T, Rate 
and Rhythm—for continual in-depth 
patient data. The physician has the 
capability of setting individual patient 
strategies, increasing the possibility of 
detecting subtle changes in conditions. 
The HYCEL system keeps the physician 
in closer touch with the condition of 
each patient. Virtually every important 
aspect of each cardiac patient's 
condition is continually observed and 
all significant changes are recorded by 
the computer. The HYCEL system aids 
the physician in planning his strategy 
to fit his diagnostic and therapeutic 
requirements. 

For a complete description of the 
HYCEL Cardiac Monitoring System or 





for a demonstration of this very 
unique and advanced system, call or 
write: 


Cardiac Monitoring Department 
HYCEL, Inc. 

P. O. Box 36329 

Houston, Texas 77042 

(713) 782-6740 


HYCEL 


Hycel, Inc., 7920 Westpark Drive, 
Houston, Texas 77042. 713/782-6740. 
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You won't be able to borrow this book. 






Price: $37.00 
Ready January, 1974. 





Partial list of contributors: 





John H. Laragh J. C. Hunt 

Sir George Pickering F. R. Buhler 

E. A. Lew E. G. Biglieri 
E. D. Freis D. R. LaBarthe 
H. R. Brunner K. Engelman 
A. C. Guyton J. E. Sealey 

L. Tobian, Jr. C. R. Ayers 

H. P. Dustan J. A. Wilber 

J. N. Cohn J. Koch-Weser 
V. DeQuattro P. Kincaid-Smith 
J. Giese F. A. Finnerty 
A. R. Christlieb E. D. Vaughan 
A. F. Lever 


Dr. Laragh's Hypertension Manual will un- 
doubtedly become the standard reference 
work in Hypertension. Use the attached 
form to place your order. This is the firstin a 
series of Yorke Medical Books—from the 
publishers of The American Journal of 
Cardiology, The American Journal of Medi- 
cine, The American Journal of Surgery, and 
Cutis. 


Better own your own. 


Laragh's 
Hypertension Manual 


Edited by John H. Laragh, M.D., of the 
College of Physicians and Surgeons, 
Columbia-Presbyterian in New York. 

A classic treatise for understanding, 
diagnosing and treating hypertension. 


Chapters by: 


O John Laragh on The Renin System in Cau- 
sation and on Evaluation of Hypertensive 
Patients. 

Sir George Pickering on Definitions, Natu- 
ral Histories and Consequences. 

Louis Tobian on Experimental Mechanisms 
Arthur Guyton on Control Mechanisms 
Edward Freis on Why, When, and How to 
Treat. 

Edward Biglieri on Diagnosis of Adrenocor- 
tical Hypertension 

Harriet Dustan on Hemodynamic 
Mechanisms 

Jay Cohn on Hypertension and the Heart 
Hans Brunner on Renin as a Risk Factor 
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Yorke Medical Books AJC 
666 Fifth Avenue 
New York, New York 10019 


Send me, postage paid, copies of 
Laragh's Hypertension Manual: Mechanisms, 
Methods & Management. Price: $37.00* (For- 
eign, add $2.00 for postage and handling.) 





You will be billed later. 
C] Intern, Resident, Student 
(Special Price $35.00) 
| [.] Private Practice 
C] Specialty 
| [C] Academic 





NAME 
| ADDRESS. 


| p SE SY | ee ee Hu y. 1 n, 
*Plus appropriate Sales Tax if in New York State 
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the original electrode 
cream with many  —.. 
imitators...but bd 
no rivals! 





the one 
with a 
proven 
record Burton, Parsons & Co., Inc. 
AVAILABLE IN 
oz. and oz. Manufacturers of Ethical Pharmaceuticals Since 1885 
CONTAINERS 
CENTRAL INDUSTRIAL PARK WASHINGTON, D.C. 20027 
MONTREAL, P.Q. CANADA O MUNICH, GERMANY 





HEMODYNAMICS OF ANGINA PECTORIS* — PATIENTS RESTING 
AND EXERCISING, BEFORE AND AFTER ISORDIL SUBLINGUAL 


(isosorbide dinitrate) 


Lite! canere e to abort or terminate 


acute anginal attacks 
e to reduce the frequency 
and severity of anginal 
\ episodes often caused by 
ads 2-9 unavoidable everyday 
5e stress 
57 RT EET] 


Es “w | ISORDIE 
SUBLINGUAL 


(ISOSORBIDE DINITRATE) 


SUBLINGUAL TABLETS: 2.5 mg. and 5 mg. 
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*|ndications: Based on a review of this drug 
by the National Academy of Sciences—Na- 
tional Research Council and/or other infor- 
mation, FDA has classified the indication as 
follows: 

"Probably" effective: When taken by the 
sublingual route, Isordil Sublingual is indi- 
cated for the treatment of acute anginal 
attacks and for prophylaxis in situations 
likely to provoke such attacks. 

Final classification of the less-than-effective 
indications requires further investigation. 
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Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
100 200 300 400 500 ? 100 200 300 400 500 tolerance to other nitrites and nitrates may 
0 Cons (ml /min/M?) ‘ 0 Cons (ml /min/M?) occur. 
Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
: drug can act as a physiological antagonist to 
Exercise norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
100 200 300 400 500 600 100 200 300 400 500 600 hance this effect. Drug rash and/or exfoliative 
02 Cons (ml /min/M?) 02 Cons (ml /min/M?) dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information 
and/or professional samples? 
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“a life-saving measure in 
a substantial minority of patients” 


The Avco Intra-Aortic Balloon Pump" 


...and the Sooner, the Better. 


The rationale of intra-aortic balloon 
pump (IABP) therapy in low-cardiac 
output conditions is widely accepted. 
By lowering pressure in the proximal 
aortaatthe beginning of systole, myo- 
cardial work load is lessened. Also, by 
augmenting pressure during early 
diastole, pumping improves coronary 
perfusion and can open dormant col- 
laterals. Thus a better balance be- 
tween myocardial oxygen demand 
and consumption is obtained. 


Documented effectiveness 


The IABP's effectiveness is clinically proven in the treatment 
cf cardiogenic shock and in weaning patients from cardiopul- 
monary bypass. It is a "lifesaving measure in a substantial 
minority of patients who would otherwise die of cardiogenic 
shock." " Braunwald and Marokc* estimate that 20% of pa- 
tients who would otherwise die can be saved, while another 
20% can be stabilized for diagnosis and surgical intervention. 


IABP "significantly reduced the magnitude and extent of acute 
myocardial ischemic injury" ^in animal studies. The authors 
preliminary clinical results also demonstrated reduced is- 
chemia as well as hemodynamic improvement. 


Time a critical factor 


Hemodynamic criteria to determine if a patient who seems to 
be going into cardiogenic shock is responding to treatment 
have been developed by Leinbach; These criteria are a 
major contribution to the effective application of IABP treat- 
ment since early use of the system greatly increases the 
chances of success. Buckley and associates” used the IABP 
in 27 heart-surgery patients who went into shock upon ter- 
mination of cardiopulmonary bypass. Eighteen survived; 13 
are long term survivors. Best results occurred with initiation 
of IABP therapy early in the postoperative period. 


*Developed by Avco Corporation and 
manufactured for Roche Medical Electronics Division 





The IABP versus drugs 


Dunkman and others” have concluded 
that “catecholamines may actually in- 
crease ventricular dysfunction and ne- 
crosis whereasthe IABP'senhancement 
of coronary perfusion and reduction of 
oxygen-consuming work in the left ven- 
tricle can save patients if applied before 
about 40% of the left ventricle is irre- 
trievably damaged. Moreover, [ABP per- 
mits safe use of drugs if needed. 


AVCO, the most experienced 
system 


The internal counterpulsation system 
most widely used clinically is the Avco 
IABP. There are some very practical 
reasons for this dominance. 


Patented 3-chamber balloon design pre- 
vents end occlusion. 


QRS triggered synchronization with nor- 
mal and abnormal rhythms. 


Automatic reset for changes in interval 
cr loss of R wave. 


Safety engineering withfail-safe venting, 
self-initiated trouble identification, and 
emergency compressor with inde- 
pendent power supply. 


Nationwide on-site service. 





1 Editorial. JAMA 224:245. 1973 

2 Braunwald. E. and Maroko. P.R.. Ann. Int. Med 
76:659. 1972 

3 Maroko. P.R. et al. Circulation 45:1150, 1972 

4 Leinbach. R.C.. quoted in Emerg. Med. 5:107. 1973 

5 Buckley. M.J. et al (abstract). Circulation 46. Suppl 
2:76. 1972 

6 Dunkman. WB etal, Circulation 46:465. 1972 


Write for information on clinical experience and the annual Avco 
Pump Users' Meeting. Your local representative can arrange ari 
Avco IABP demonstration in either a clinical or experimental 


setting. 


ROCHE MEDICAL ELECTRONICS DIVISION, HOFFMANN - LA ROCHE INC., CRANBURY, N.J. 08512 


Instant Replay. 
The Medisystems Cardiac Event Recorder eliminates scanning. 


We went right to the heart of the 
problem. The result? A cardiac event 
recorder that eliminates all the 
drawbacks of conventional Holter 
monitoring equipment. 

The Medisystems™ unit combines a 
mini-cassette recorder with a remarkably 
new and innovative cardiac data 
processor. A unit that's ultra-compact, 
light as a feather, and practically 
unobtrusive. It's worn at the waist and 
connected to the patient by a modified 
V: electrode configuration. And may be 
worn any length of time. But the 
feature that really makes the 
Medisystems™ Cardiac Event Recorder 
unique is its ability to analyze and record 
all arrhythmias and conduction defects. 
And since only abnormal cardiac 
activity triggers the recorder, it's not 
necessary to record hours of normal 
sinus rhythm. Even artifacts are 
discriminated by the equipment. 

The system also includes a Tape 
Playback Unit that enables the physician 
to transcribe the tapes and obtain an 
ECG printout without sending the tape 
to be scanned. Instant replay that permits 
immediate evaluation. 

For additional information, literature or 
an actual demonstration. . . call or write 
us today. 


FR. 

LT] MEDISYSTEMS™ from 
Mediscience Technology Corp 

12 Springdale Road/Cherry Hill, N.J. 08003 

(609) 424-5253 





Even Sherlock Holmes 
would envy the deductive 
ability of this unique 
cardiac care product. 

The Medisystems™ Cardiac 
Analyzer. A complete 
arrhythmia detection 
system for the ICU/CCU. 


Conventional cardiac 
monitoring products are 
limited to detecting only 
ventricular arrhythmias. 
The Medisystems™ 
Cardiac Analyzer is an 


unprecedented innovatior . . . 


designed to detect and 
analyze all arrhythmias 
and conduction defects. 


How does it work? 

The Medisystems™ Cardiac 
Analyzer contains an 
electronic processor 

which automatically and 
continuously evaluates 

the heart's electrical 
activity. When an 
abnormality is detected, 
an audible alarm is 
sounded and a series of 
indicator lamps show 
which normal ECG 
parameters have been 
exceeded. A self-contained 
strip recorder then prints 
out the data stored in the 
unit’s Electronic Memory 
Bank. Case solved. 








Installation is simple, 
inexpensive and fast. 


Elementary? Just about. 


In fact, all that’s 


required for installation 
is a table or counter and 
110 volt electrical 
service. Costly 
elaborate construction 
is unnecessary. 


Unique features 
eliminate repetitive 
and false alarms. 
The Automatic Edit 
reduces annoying 
repetitive alarms from 


recurring arrhythmias. 


The equipment also 


discriminates artifacts. 








The Medisystems™ Hospital 
Cardiac Analyzer is 
available in single units 
(Model 300HS) for the 
individual patient or in 
console form (Model 400HC) 
for multiple patients. 
Versatility permits 
transmission of patient 
signals by telemetry or 
hard-wiring. 

For additional information 

or literature, phone or write: 


4m, MEDISYSTEMS™ 
Ill from Mediscience 

Technology Corp. 
12 Springdale Road 
Cherry Hill, N.J. 08003 
(609) 424-5253 


(P.S. If Dr. Watson answers, 
hang up and dial again.) 






















J. prolonged corticosteroid therapy 







Ebo M p 
tsatrisk — 
e patient is at risk because of K-loss 


otasstum depletion can become a hazard in: 
* diuretic therapy d 
e digitalis therapy 
prolonged and severe vomiting © 


...an answer that makes sense is K-LOR _ 
(POTASSIUM CHLORIDE SUPPLEMENT) 


K-LOR provides both potassium and chloride ions 
allowing for complete correction of potassium 
imbalance associated with diuretic therapy. 


There is less chance of gastric upset with K-LOR 
since it is provided in single dose packets of powder 
that must be diluted with liquid. 


The single-dose packet assures you of accurate 
dosage and provides convenience for the patient. 


K-LOR Saas 7 


Because potassium supplementation is serious medicine 





s: Potassium chloride is contraindicated in the presence of severe 

ent with oliguria or azotemia, untreated Addison’s disease, ady- 
isodica hereditaria, acute dehydration, heat cramps, and hyperkalemia- 

from any cause. 

Potassium chloride should not be employed in patients receiving potassium- 

sparing agents such as aldosterone antagonists and triamterene. 


Precautions: With normal kidney function, potassium intoxication from oral 
administration is not likely to occur, since renal excretion of the ion increases 
in response to a rise in the concentration of body potassium. Nevertheless, potas- 
sium supplements must be administered with caution, since the dietary or daily 
amount is not accurately known. Frequent checks of the patient’s clinical status 
and periodic ECG and/or serum potassium levels should be done. High serum 
concentrations of potassium ion may result in death through cardiac depression, 
arrhythmia, or arrest. The drug should be used with caution in the presence of 
cardiac disease and systemic acidosis. 


Adverse Reactions: Side effects include abdominal discomfort, nausea, vomiting 
and diarrhea. 

In the presence of renal dysfunction it may be possible to induce hyperkalemia 
by oral administration of potassium salts. The symptoms and signs of potas- 
sium intoxication include paresthesias of the extremities, weakness and heavi- 
ness of the legs, flaccid paralysis, listlessness, mental confusion, fall in blood 
pressure, cardiac arrhythmias and heart block. Electrocardiographic abnormali- 
ties such as disappearance of the P wave, widening and slurring of the 
QRS complex, changes of the S-T segment and tall peaked T waves may 
be noted with hyperkalemia. 309465 
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Pronestyf Capsules/Injection 
(Procainamide Hydrochloride) 


Contraindications: |n patients with myasthenia gravis and where 
ahypersensitivity to procainamideand releted drugsexists. Should 
not be given to patients with complete atrioventricular heart block. 
Contraindicated in cases of hign-degree A-V block unless an elec- 
trical pacemaker is operative 

Administration: Oral administration is preferred. When paren- 
teral therapy is necessary, intramuscular administration is the 
method of choice. Intravenous use shouid be limited to extreme 
emergencies, be administered as a dilute infusion, and the patient 
be monitored electrocardiographically whenever practicable 
throughout the infusion. The intravenous dose should not exceed 
1g. Administer at a rate not exceeding 25 to 50 mg. per minute. 

Should procainamide therapy be continued for any appreciable 
period, electrocardiograms should be made occasionally to deter- 
mine its further neec 
Precautions: Evidence of untoward myocardial response should 
be carefully watched for in all patients. In the presence of myocar- 
dial damage with atrialfibrillation or flutter, the ventricular rate may 
increase suddenly as the atrial rate is slowed; adequate digitaliza- 
tion reduces butdoes notabolish this danger. Ventricular tachysys- 
tole is particularly hazardous. 

The dislodgement of mural thrombi producing an embolic epi- 
sode may occur in correcting atrial fibrillation due to the forceful 
contractions of the atrium. 

Extreme caution is required in atternpting to adjust the heart 
rate when ventricular tachycardia has occurred during an occlu- 
sive coronary episode or where the use of procainamide may 
result in additional depression of conduction and ventricular asys- 
tole or fibrillation as in A-V block, bundle branch block, or severe 
digitalis intoxication. 

renteral administration should be monitored electrocardio- 
graphically whenever practicable. Parenteral administration 
should be discontinued at once if electrocardiograms give evi- 
denceof impending heart block. This comolication should be kept 
in mind whentreating ventricular arrhythmias (especially parenter- 
ally) in patients with severe organic heart disease and ventricular 
tachycardia who may also have complete heart block. Since asys- 
tole may result if the-ventricular rate is significantly slowed without 
attainment of regular atrioventricular conduction, procainamide 
should be stopped and the patient re-evaluated. 

Inthepresenceof both liver and kidney damage, normal dosage 
may produce symptoms of overdosage — principally ventricular 
tachycardia and severe hypotension. 

A syndrome resembling lupus erythematosus has been re- 
ported with maintenance procainamide therapy. Common symp- 
toms are polyarthralgie, arthritis and pleuritic pain. Fever, myalgia, 
skinlesions, pleural effusion and pericarditis may also occur. Rare 
cases of thrombocytopenia or Coombs-positive hemolytic ane- 
mia, possibly related to this syndrome, have been reported. Mea- 
sure anti-nuclear antibody titers at regular intervals in patients on 
procainamide for extended periods of timeor in whom symptoms 
suggestiveoflupus-like reaction appear; discontinue drug in event 
of rising titer or clinical symptoms of LE. Steroid therapy may be 
effective if discontinuation of procainamide does not cause remis- 
sion of symptoms. If the syndrome develops inva patient with re- 
current life-threatening arrhythmias not otherwise controllable, 
steroid-suppressive therapy may be used concomitantly with 
procainamide. 
Adverse Because procainamide is a peripheral vaso- 
dilator, it may producea hypotensive response, sometimes precip- 
itous when given intravenously. Blood pressure should be mea- 
sured almost continuously during the infusion which should be 
temporarily discontinued if the fall exceeds 15 mm. Hg. The hypo- 
tensive responseisiess!ikelyto occur from intramuscular injection 
andis rare following oral administration. Serious disturbances of 
cardiac rhythm such as ventricular asystole or fibrillation are also 
more common with! V administration. 

Large oral doses may sometimes produce anorexia, nausea, 
urticaria, and/or pruritus. 

Reactions consisting of fever and chills; soreness of mouth, 
throat, or gums; and symptoms of upper respiratory tract infection 
have been reported. Agranulocytosis has been occasionally re- 
ported following prolonged use of the drug, and deaths have oc- 
curred. Therefore, routine blood counts are advisable during 
maintenance therapy. Itany of the above symptoms should occur 
and leukocyte counts indicate cellular depression, procainamide 
therapy should be discontinued and appropriate treatment should 
beinstituted immediately. Diarrhea, weakness, mental depression, 
giddiness, psychosis with hallucinations, hypersensitivity reac- 
tions such as angioneurotic edema and maculopapular rash, and 
bitter taste have been reported. 

The package insert should be read carefully to become familiar 
with the recommended oral and parenteral dosage for the indi- 
cated conditions. 

How Supplied: Pronestyl Capsules (Procainamide Hydrochlo- 
ride Capsules U.S.P ) providing 250 mg. and 500 mg. are available 
in bottles of 100 and 1000 and Unimatic" Single Dose packaging 
incartons of 100. Capsules providing 375 mg. are available in bot- 
tles of 100. Pronestyl injection (Procainamide Hydrochloride In- 
jection U.S.P.) providing a 10% sterile aqueous solution (100 mg./ 
CC.) with 0.9% (w/v) benzyl alcohol is available in 10 cc. vials. 

©1973 E. R. SQUIBB & SONS, INC. 443-016., 


At the first sign of trouble 





Pronestyl 
(Procainamide Hydrochloride) 


for premature 
ventricular contractions 


SQUIBB 


‘The Priceless Ingredient of every product 
is the honor and integrity of its maker.'™ 





You know 
the potential 











GET TO KNOW THE BUILT-IN SAFETY 
OF BIOTRONIK. Biotronik pacemakers are housed in 


austenitic, chromium-nickel-molybdenum alloy, shielding them from 
the external electrical and magnetic fields your patient will 
encounter every day. That same shielding minimizes tissue necrosis 
and protects against moisture penetration from surrounding tissue 
Biotronik was first with interference shielding in 1966. And it's first 
in other important ways today. Get to know Biotronik, the pace- 
maker known for quality. For more information on the Biotronik 
family of pacemakers. send for detailed literature. 


concent Airport Station / St. Petersburg, Fla. 33732 /813-536-2791/ 24 hour answering service 
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“Thie iz the r-al Heartburn Zanz. 
This is where GAVISCON works!” 


The Real Heartburn 
Zone 

When gastric juice i 
refluxes into the esoph- | 
agus, stomach contents 
irritate sensitive nerve 
endings in esophageal 
mucosa to produce the 
pain of heartburn. 







Gaviscon Coats 

The Gaviscon foam 
coating clings to eso- 
phageal mucosa for pin- 
point neutralization of 
gastric contents which 
might reflux from the 
stomach. 


Gaviscon Floats 

In the cardia and fundus 
of the stomach, 
GAVISCON® FOAMTAB® 
tablets form a soft, 
viscous layer of floating : 
antacid foam that pre- E # : 
cedes gastric contents 
refluxing into the 
esophagus. 








GAVISCON 


FOAMTAB* 


(Alginic acid, 200 mg; aluminum hydroxide dried gel, 80 mg; 
magnesium trisilicate, 20 mg; sodium bicarbonate, 70 mg) 
CHEWABLE ANTACID TABLETS for relief of heartburn accompanying 
hiatal hernia, gastroesophageal reflux, and esophagitis. 


PHARMACEUTILAL DIVISION 
MARION 


Another patient benefit product from [M 
— f LABORATORIES. INC 


KANSAS CITY. MISSOURI 64137 
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willpsychic tension affect 
the patients rehabilitation? 
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Aree: the MI patient’s acute episode has been 
successfully managed, a program of rehabilitation is begun. 
At times the overly tense cardiac patient may present a 
special problem. Although you continue to encourage a positive 
outlook through counseling and enlistment of support 
from the patient’s family, psychic tension may remain, 
Eus. and significantly affect the course of rehabilita- 







ZA Ee. "w. tion. Under these circumstances, Valium (diazepam) 
e : AN can be a beneficial adjunct to the patient's thera- 
SS yl peutic regimen. 


Valium can relieve psychic tension that may 

burden the organically weak heart. As a result of 
adjunctive use of Valium to relieve unwarranted 
anxiety, the patient may be able to arrive at a more 

realistic appraisal of his situation and 

participate more fully with his 
rehabilitation program. 
S1 Therapy should normally be 

J continued until the patient’s 


E gel anxiety has been reduced 


3) 


d to tolerable levels. 
NE Since the cardiac patient 
may be particularly prone 
to tension and anxiety at 
| bedtime, the addition 
| | ofan A.s. dose of Valium to. 
the t.i.d. schedule can relieve 
. hisanxiety and thus may encourage sleep. 
Valium is used with most classes of primary 

medications such as cardiac glycosides, diuretics, vasodilators, 
anticholinergics and antacids. The most commonly reported 
side effects have been drowsiness, fatigue and ataxia. 
Patients taking Valium should be cautioned against driving 


or operating dangerous A ka, 
ay : Valium (diazepam) 
2-mg, 5-mg, 10-mg tablets 
when you consider it essential to keep the heart patient calm 


A gra t 
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Please turn page for a summary of product information. 
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When you consider it 
essential to keep 
the heart patient calm 


m Valium (diazepam) can relieve psychic tension and anxiety that may 
burden the organically weak heart and interfere with the patient’s 
course of rehabilitation. 


m Valium works promptly in most patients. Significant improvement 
is usually noted during the first few days of therapy, although some 
patients may require more time to respond. 


m Adjustments in dosage can alter clinical response. With appropriate 
titration, a regimen can be tailored to the patient's individual needs. 


m Valium has a wide margin of safety in the usual oral dosage range and 
generally does not significantly affect respiration or pulse. 


Valium (diazepam) 


Before prescribing, please consult 
complete product information, a summary 
of which follows: 

Indications: Tension and anxiety states, 
somatic complaints which are concomi- 
tants of emotional factors; psychoneu- 
rotic states manifested by tension, 
anxiety, apprehension, fatigue, depres- 
sive symptoms or agitation; symptomatic 
relief of acute agitation, tremor, delirium 
tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in 


skeletal muscle spasm due to reflex spasm 


to local pathology, spasticity caused by 
upper motor neuron disorders, athetosis, 
stiffF-man syndrome, convulsive disorders 
(not for sole therapy). 

Contraindicated: Known hypersensitivity 
to the drug. Children under 6 months of 
age. Acute narrow angle glaucoma; may 
be used in patients with open angle 
glaucoma who are receiving appropriate 
therapy. 

Warnings: Not of value in psychotic 
patients. Caution against hazardous 
occupations requiring complete mental 
alertness. When used adjunctively in 
convulsive disorders, possibility of in- 
crease in frequency and/or severity of 
grand mal seizures may require in- 
creased dosage of standard anticonvul- 
sant medication; abrupt withdrawal may 
be associated with temporary increase in 
frequency and/or severity of seizures. 
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2-mg, 5-mg, 10 


Advise against simultaneous ingestion 
of alcohol and other CNS depressants. 
Withdrawal symptoms (similar to those 
with barbiturates and alcohol) have 
occurred following abrupt discontinu- 
ance (convulsions, tremor, abdominal 
and muscle cramps, vomiting and sweat- 
ing). Keep addiction-prone individuals 
under careful surveillance because of 
their predisposition to habituation and 
dependence. In pregnancy, lactation or 
women of childbearing age, weigh 


potential benefit against possible hazard. 


Precautions: If combined with other 
psychotropics or anticonvulsants, con- 
sider carefully pharmacology of agents 
employed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors 
and other antidepressants may poten- 
tiate its action. Usual precautions indi- 
cated in patients severely depressed, or 
with latent depression, or with suicidal 
tendencies. Observe usual precautions 
in impaired renal or hepatic function. 
Limit dosage to smallest effective 
amount in elderly and debilitated to 
preclude ataxia or oversedation. 

Side Effects: Drowsiness, confusion, 
diplopia, hypotensien, changes in libido, 
nausea, fatigue, depression, dysarthria, 
jaundice, skin rash, ataxia, constipation, 
headache, incontinence, changes in sali- 
vation, slurred speech, tremor, vertigo, 
urinary retention, blurred vision. Para- 


mg tablets 


doxical reactions such as acute hyper- 
excited states, anxiety, hallucinations, 
increased muscle spasticity, insomnia, 
rage, sleep disturbances, stimulation 
have been reported; should these occur, 
discontinue drug. Isolated reports of 
neutropenia, jaundice; periodic blood 
counts and liver function tests advisable 
during long-term therapy. 

Dosage: Individualize for maximum 
beneficial effect. Adults: Tension, anxiety 
and psychoneurotic states, 2 to 10 mg 
b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or 
q.i.d. in first 24 hours, then 5 mg t.i.d. or 
ai.d. as needed; adjunctively in skeletal 
muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; 
adjunctively in convulsive disorders, 

2 to 10 mg b.i.d. to q.i.d. Geriatric or 
debilitated patients: 2 to 2» mg, 1 or 

2 times daily initially, increasing as 
needed and tolerated. (See Precautions.) 
Children: 1 to 242 mg t.i.d. or q.i.d. 
initially, increasing as needed and toler- 
ated (not for use under 6 months). 
Supplied: Valium* (diazepam) Tablets, 

2 mg, 5 mg and 10 mg; bottles of 100 and 
500. All strengths also available in 
Tel-E-Dose® packages of 1000. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley. N.J. 07110 


Littmann ECG Trimmer 





i Now, all the advantages of LITTMANN Brand 
ECG Mounts are yours in a compact cutting 
device for trimming electrocardiogram leads. 
The new LITTMANN ECG Trimmer. With 
three blades for cutting uniform lead 
segments of specified sizes. When used with 
LITTMANN ECG Mounts you get professional- 
appearing permanent records barely thicker 
than a single sheet of paper. Saving filing 
space. Permitting photo copying of a single 
sheet. Providing faster, more efficient 
interpretation. 


The ECG Trimmer from 3M— newest 
member of the LITTMANN ECG Mounting 
System. Contact your surgical supply dealer 
or 3M Representative today. 


Also ask about 
LITTMANN Brand ECG 
Gel-Pads. No cleanup. $ 

Less chance of cross E 

contamination. * 

Excellent electrical 
contact. See if you 
don't agree: 3M has 
found “the better way." 


Medical Products Division 3m 


3M CENTER * SAINT PAUL. MINNESOTA 55101 
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write it 
precision quality control... 
«assured tablet content uniformity" 


predictable patient response... 
eproven biologic availability" 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 

has developed. 

Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 

the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician ere major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Dicoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
Is an indication for its use. 

Effects of Overdosage anc Treatment: The symptoms of overdosage with digoxin are quite similar to those-occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 5% dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI — 74.5 mg). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 596 dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) prov ded renal failure is not present. 

LANOXIN? digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5 mg. (green) scored, in bottles of 100 and 1,000. 


Lanoxin digoxin B mmm 





Research Triangle Park 


*Complete literature available on request from Professional Services Dept. PML. Wellcome / North Carolina 27709 
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Unstable Angina Pectoris: Morbidity and Mortality in 57 
Consecutive Patients Evaluated Angiographically 


C. RICHARD CONTI, MD, FACC 
ROBERT K. BRAWLEY, MD 
LAWRENCE S. C. GRIFFITH, MD 
BERTRAM PITT, MD 

J. O'NEAL HUMPHRIES, MD, FACC 
VINCENT L. GOTT, MD 

RICHARD S. ROSS, MD, FACC 


Baltimore, Maryland 


From the Departments of Medicine and Sur- 
gery, The Johns Hopkins University and 
Hospital, Baltimore, Md. Manuscript accept- 
ed June 13, 1973. 

Address for reprints: C. Richard Conti, 
MD, School of Medicine, The Johns Hopkins 
University, Baltimore, Md. 21205. 


Fifty-seven consecutive patients presenting with unstable angina 
pectoris or so-called pre-infarction angina were prospectively evalu- 
ated by clinical and angiographic studies. One patient died during 
angiography and another died of acute myocardial infarction 1 1/2 
hours after cardiac catheterization. Forty-five patients had sig- 
nificant obstruction in two or three coronary arteries. The average 
left ventricular ejection fraction was 59 percent. Of 15 patients 
treated medically, 10 were potential candidates for surgery. One of 
these 10 died during hospitalization and 9 survived. The nine survi- 
vors were followed up for an average of 10 months; six reported 
symptomatic improvement, and one had an uncomplicated myocar- 
dial infarction 6 months after study. Aortocoronary saphenous vein 
bypass was performed in 40 patients, of whom 9 died during hospi- 
talization and 31 survived operation. Of the 31 survivors, 1 had an 
uncomplicated myocardial infarction 9 months postoperatively; there 
were no late deaths in this group during a follow-up period averaging 
16.7 months. Thirty of the 31 survivors reported marked symptomat- 
ic improvement, and 21 of these survivors were pain-free. 


Suboptimal myocardial perfusion due to an obstructive atheroscle- 
rotic lesion in one or more major coronary arteries is usually consid- 
ered responsible for cardiac pain. If one or more lesions progress to 
occlusion and collateral vessels are inadequate to perfuse the isch- 
emic myocardium, infarction results. It should be possible to prevent 
infarction by coronary arterial bypass grafting which in effect pro- 
vides a large-bore supplementary channel into the segment of the 
myocardium that is at risk. These theoretical considerations have 
produced enthusiastic support for surgical treatment of the patient 
with a variety of clinical syndromes considered to represent a prein- 
farction state.1-* 

This report concerns the prospective clinical and angiographic 
evaluation, morbidity, mortality and follow-up data of 57 consec- 
utive patients with ischemic heart disease who presented with the 
syndrome of unstable angina pectoris. The average follow-up period 
was 14 months; the longest period of observation was 30 months. 
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Definition of Unstable Angina Pectoris 


Patients with ischemic heart disease who complain 
of chest pain present with one of three conditions: 
stable or unstable angina pectoris or myocardial in- 
farction. The syndrome of unstable angina is inter- 
posed between stable angina and myocardial infarc- 
tion. Three subgroups of unstable angina are identi- 
fied: (1) Angina on effort of recent onset. The patient 
with this condition has previously been pain-free and 
now has a syndrome of typical angina associated 
with exertion. The patient has an unstable condition 
that could progress to stable angina or myocardial 
infarction, or he could become pain-free. (2) Angina 
on effort with a changing pattern. The patient with 
this syndrome has had typical stable angina and now 
has increased frequency or severity of ischemic cardi- 
ac pain. In other words, accelerated or crescendo an- 
gina has developed. (3) Angina at rest. The patient 
with this condition typically requires no stress to 
provoke episodes of ischemic cardiac pain. These 
three subgroups frequently overlap each other, and it 
is common for a patient with stable angina to experi- 
ence a changing pattern (increased frequency or se- 
verity) and then angina at rest. 

Patients with unstable angina may present with a 
variety of types of pain syndromes. For example, a 
patient with no previous history of ischemic pain at 
rest or on exertion may be admitted to a coronary 
care unit with a single discrete episode of severe pain 
simulating a myocardial infarction. Another patient 
may have previously experienced several severe dis- 
crete episodes of pain that may or may not have re- 
sulted in hospitalization; he may be asymptomatic 
for weeks between episodes of severe pain. Still an- 
other patient may have had no previous chest pain 
but experience several daily episodes of pain that 
may or may not be responsive to medical therapy. 
Similar presentations may occur in a patient with a 
history of chronic stable angina on effort. The major- 
ity of our patients (51 of 57) presented with multiple 
daily episodes of ischemic cardiac pain and all but 1 
patient had angina at rest. 


Case Material and Procedures 


Selection of Patients 


Patients who were being effectively managed by medi- 
cal means and who did not have continuing problems with 
an ischemic syndrome usually were not referred for evalu- 
ation. For example, no patient with angina on effort of re- 
cent onset was referred for consideration for surgical treat- 
ment. 

Before angiography, all patients remained in The Johns 
Hopkins Hospital Coronary Care Unit for at least 24 hours 
for observation of possible electrocardiographic and enzy- 
matic changes indicative of myocardial infarction. All pa- 
tients with unstable angina pectoris were considered po- 
tential surgical candidates if the following criteria were 
met: 

1. One or more episodes of ischemic cardiac pain consis- 
tent with unstable angina. 

2. Admission to a coronary care unit because of a sus- 
pected impending myocardial infarction. 


3. Transient electrocardiographic changes recorded dur- 
ing at least one episode of pain. The resting electrocardio- 
gram may have been normal or abnormal, but the impor- 
tant feature was a change in the S-T segment or T waves, 
or both, in association with the attacks of pain and a re- 
turn of the electrocardiogram to control levels within 24 
hours after the onset of changes. 

4. No new Q wave formation on the electrocardiogram. 

5. No changes in serum enzyme determinations—cre- 
atine phosphokinase (CPK), glutamic oxaloacetic trans- 
aminase (SGOT), glutamic pyruvic transaminase (SGPT) 
and lactic dehydrogenase (LDH)—over a 24 hour period 
that would be suggestive of myocardial damage. 

With use of these criteria, 57 patients, 43 men and 14 
women, were evaluated as possible surgical candidates. 
The mean age was 53.5 years. Twenty-six patients had 
clinical evidence of an old myocardial infarction, and 43 
had a history of stable angina pectoris. 


Medical Therapy 


During hospitalization, medical therapy was individual- 
ized to the patients' needs, but the mainstays of medical 
management were bed rest and administration of nitrates, 
beta adrenergic blocking agents and anticoagulant drugs. 
After admission to the coronary care unit, a typical pa- 
tient underwent anticoagulation with intravenously ad- 
ministered heparin to maintain clotting time at three 
times control level. Treatment with orally administered 
propranolol was initiated with use of a small dose that 
was gradually increased to a usual dose of 40 mg four 
times daily. Chewable erythrityl tetranitrate, 10 mg four 
times daily, was used in most instances but if ischemic 
pain recurred frequently, the drug was administered every 
2 to 3 hours. Individual episodes of ischemic chest pain 
were treated in the usual fashion with sublingually ad- 
ministered nitroglycerin. 


Hemodynamic Evaluation 


After clinical evaluation, all patients were evaluated 
hemodynamically within 2 to 3 days of admission to the 
hospital. The studies consisted of measurements of resting 
right heart and left heart pressures, determination of car- 
diac output by indicator dilution techniques and, in se- 
lected patients, atria! pacing. Selective coronary arteriog- 
raphy using the Judkins technique usually required a 
minimum of eight injections in the left and right anterior 
oblique and left lateral projections. Left ventricular vol- 
ume, segmental wall motion and ejection fraction were 
determined by single plane left ventriculography in the 
right anterior oblique projection. 


Results 


Clinical Features 


Clinical evaluation: Findings on the history, 
physical examination and resting electrocardiogram 
failed to discriminate between patients whose condi- 
tion was or was not considered operable. Thirty-nine 
patients had normal findings on chest roentgeno- 
gram, and 18 had various degrees of cardiomegaly. 

Stress testing: Pacing-induced tachycardia dur- 
ing catheterization produced ischemic electrocardio- 
graphic changes (that is, downsloping or square wave 
S-T segment depression of 1 mm or greater) in all 19 
patients who underwent this stress. There were no 
complications as a result of pacing-induced tachy- 
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cardia. Exercise testing was not carried out in any of 
these patients. 

Hemodynamic data: Peak systolic pulmonary ar- 
terial pressure was greater than 25 mm Hg in 26 pa- 
tients. Average left ventricular end-diastolic pressure 
was 14 mm Hg (range 5 to 33). Average cardiac 
index was 3.06 liters/min per m? (range 1.4 to 6.0). 
Measurements of pulmonary arterial pressure, left 
ventricular end-diastolic pressure and cardiac index 
did not correlate with morbidity and mortality data in 
these patients. 

Angiography: Selective coronary arteriography 
was performed in all patients and ventriculography 
in all but one. The average time from onset of unsta- 
ble angina to performance of coronary arteriography 
was 24 days. Thirty-two patients had severe occlu- 
sive disease (at least 70 percent luminal narrowing) 
in all three major vessels (Table I). Five of these pa- 
tients had at least 50 percent narrowing of the main 
left coronary artery. Thirteen patients had greater 
than 70 percent luminal narrowing in two of the 
three major coronary arteries. The left anterior de- 
scending coronary artery was most commonly in- 
volved (48 of the 57 patients). Eleven patients had 
single vessel disease affecting the right coronary ar- 
tery (4 patients), left anterior descending artery (6 
patients) or circumflex artery (1 patient). One pa- 
tient had angiographically normal coronary arteries. 
Coronary collateral circulation was present in 27 of 
the 57 patients. Only one of the patients with single 
vessel disease demonstrated collateral circulation. 

Left ventricular function was evaluated by mea- 
surement of left ventricular end-diastolic volume and 
left ventricular ejection fraction under resting condi- 
tions. Mean left ventricular end-diastolic volume was 
153 cc (range 54 to 290). Average ejection fraction 
was 59 percent (range 13 to 86 percent). 

Risk of angiography: Evaluation of these pa- 
tients was not without hazard. One patient died dur- 
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TABLE I 


Arteriographic Distribution of Occlusive Coronary Artery 
Disease in 57 Patients with Unstable Angina 
E cnc) usce ctr E 


Triple vessel disease 32 
Main left 5 
Double vessel disease 13 
Single vessel disease 11 
Left anterior descending 6 
Right coronary 4 
Circumflex 1 
“‘Normal”’ arteries 1 


————————————————— 


ing coronary arteriography. She was a 64 year old 
woman with several daily episodes of angina at rest 
who was having pain on the way to the catheteriza- 
tion laboratory. The first injection of the left coro- 
nary artery revealed total obstruction of the main 
left coronary artery. Severe hypotension and heart 
block rapidly developed and, despite immediate ven- 
tricular pacing, the patient died. A second patient, a 
49 year old man with several discrete episodes of an- 
gina at rest, had a cerebral syndrome and an acute 
myocardial infarction 1 1/2 hours after catheteriza- 
tion and died. This patient had demonstrated coro- 
nary artery disease suitable for surgery and would 
have been operated upon. A third patient experi- 
enced an inferior wall myocardial infarction during 
catheterization, had an uncomplicated course, and is 
now pain-free. The remaining 54 patients tolerated 
cardiac catheterization and angiography without in- 
cident. 


Medical Therapy 


Fifteen patients received medical therapy. Ten of 
these were potential candidates for surgery but were 
treated medically because of the preference of their 
personal physician (Fig. 1). Five patients were not 


PATIENTS 
(55) 


NON OPERATIVE MEDICAL SURGICAL HOSPITAL 
ps THERAPY THERAPY DEATHS 
(I5) (40) (9) 
POTENTIALLY 
DEATHS OPERATIVE 
ul (10) 


NOT IMPROVED 


SURVIVORS 
(3) (9) 


SURVIVORS NOT IMPROVED 
(31) (1) 


SYMPTOMATIC SYMPTOMATIC 
EN IMPROVEMENT IMPROVEMENT ANGINA 
FIGURE 1. Morbidity and mortality (6) (30) 


data in 55 of 57 consecutive pa- 


tients with unstable angina pectoris MYOCARDIAL 
treated medically or surgically. INFARCTION ai’ REE ir pte MYOCARDIAL 
Two patients died before treatment (1) INFARCTION 


was instituted. 
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considered surgical candidates for the following rea- 
sons: normal coronary arteriogram (one patient); un- 
complicated myocardial infarction occurring during 
catheterization (one patient); poor ventricular func- 
tion manifested by an end-diastolic -volume greater 
than 125 cc/m? and ejection fraction less than 30 
percent (three patients). One death occurred in this 
group; 2 months after evaluation in the patient who 
had angiographically normal coronary arteries. De- 
spite a similar clinical presentation, these patients 
are not comparable to the surgically treated patients 
and will not be considered further. In the group of 10 
patients considered eligible for surgery but treated 
medically because of physician preference, there 
were 9 survivors; 1 hospital death occurred in a pa- 
tient who had a myocardial infarction 8 days after 
evaluation. 

Outpatient medical therapy was individualized to 
the patients' needs, but most patients received pro- 
pranolol, long-acting antianginal drugs and nitro- 
glycerin. None of these patients was receiving long- 
term anticoagulant therapy, but most were treated 
with heparin during hospitalization. The average fol- 
low-up period of these patients was 10 months (range 
1 to 30 months). During this period, six of the nine 
potential candidates for surgery reported symptom- 
atic improvement. Five continued to have an anginal 
syndrome, and one of the patients who reported im- 
provement was pain-free. Three patients had no 
symptomatic improvement, and one of these patients 
had an uncomplicated inferior myocardial infarction 
6 months after evaluation. 


Surgical Therapy 


Aortocoronary saphenous vein bypass was per- 
formed in 40 patients with unstable angina pectoris 
(Fig. 1). There were 9 hospital deaths (6 operative 
and 3 postoperative) and 31 survivors of surgery. 

Thirty of the 31 survivors reported marked symp- 
tomatic improvement although 9 patients continued 
to have mild angina but considered their condition 
improved compared to their presurgical status. 
'Twenty-one of the 30 survivors who reported marked 
symptomatic improvement were pain-free. Only one 
patient reported no symptomatic improvement 
11 months postoperatively. There were no late 
deaths in the 31 survivors of surgery during an aver- 
age follow-up period of 16.7 months (range 8 to 24 
months). 

Surgical deaths: The period between angiograph- 
ic study and surgery ranged from a few hours to 30 
days and averaged 6.3 days. In 10 patients, operation 
was carried out within the first 24 hours after angi- 
ography, and 4 of these patients died during opera- 
tion. Three of the six patients who died at operation 
sustained cardiac arrest and required open cardiac 
massage before the institution of cardiopulmonary 
bypass. Five of these six patients had unsatisfactory 
circulatory support after cardiopulmonary bypass 
because of inadequate ventricular function and died 
in the operating room cf low cardiac output. Three of 
the five patients had had poor ventricular function 
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preoperatively (ejection fraction less than 45 per- 
cent), and a fourth patient had been receiving pro- 
pranolol therapy until the time of operation. Cardio- 
pulmonary bypass was discontinued without diffi- 
culty in the sixth patient, who shortly thereafter had 
refractory ventricular fibrillation. All six patients 
had triple vessel disease, and three of them had le- 
sions in the main left coronary artery in addition to 
significant stenosis in the right coronary artery and 
branches of the left coronary arteries. Triple coro- 
nary arterial bypass was performed in only one of the 
six. Double bypass was carried out in four patients, and 
only a single bypass was possible in the sixth pa- 
tient. Autopsy demonstrated acute myocardial ne- 
crosis in all six patients who did not survive opera- 
tion. Three patients died within the first 3 weeks 
after operation. One of these patients, a 65 year old 
hypertensive woman, did well for the first 2 weeks 
after operation but then had a respiratory distress 
syndrome and died 3 weeks after operation. The 
cause of her pulmonary difficulty was not clarified by 
autopsy. All three of these patients had two vessel 
coronary artery disease and normal ventricular func- 
tion. 

Postoperative evaluation: Fourteen of the 31 pa- 
tients who survived operation agreed to postopera- 
tive hemodynamic evaluation and stress testing in 
the late postoperative period. This evaluation took 
place an average of 5.8 months (range 3 to 13: 
months) postoperatively. All patients underwent 
right and left heart catheterization as well as angio- 
graphic visualization of saphenous vein grafts and 
coronary arterial circulation. Tolerance for the stress 
of tachycardia was evaluated by exercise or pacing- 
induced tachycardia, or both. 

All 14 of the restudied patients reported symptom- 
atic improvement and had increased tolerance to 
stress. In four of these patients, all saphenous vein 
grafts were patent, in six patients one of two grafts 
was patent, and in four no grafts were patent at the 
time of restudy. The overall vein graft patency rate 
was 56 percent (14 of 25 grafts). 

This patency rate is lower than that reported by 
surgeons from other institutions operating on similar 
patients,’ and it is much lower than the overall pa- 
tency rate found in patients with stable angina 
undergoing operation at our institution. The expla- 
nation for this lower patency rate in the patients 
with unstable angina is not clear. However, several 
of the 14 patients who were restudied were operated 
upon early in the surgical experience at our hospital, 
and incompletely developed surgical techniques and 
improper selection of vessels for bypass possibly ac- 
count for some cf the occluded vein grafts. It is also 
possible that a few patients had a myocardial infarc- 
tion that was not detected preoperatively by electro- 
cardiogram or serum enzyme determinations. 

There was no statistically significant postoperative 
alteration in any index of ventricular function mea- 
sured (for example, left ventricular end-diastolic 
pressure, left ventricular end-diastolic volume, left 
ventricular ejection fraction or cardiac index). 
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Discussion 

Forty-five percent of the deaths from myocardial 
infarction occur within the first hour of symptoms 
and 60 percent of the deaths occur before the patient 
reaches a hospital.5 Approximately 40 to 50 percent 
of patients with myocardial infarction report that 
during the preceding 2 weeks they experienced 
symptoms that might have signaled impending myo- 
cardial infarction.?-? Mortality rates for patients 
with unstable angina treated medically range from 3 
to 40 percent.19-15 Krauss et al.15 reported an 86 per- 
cent survival rate 1 year after medical treatment in a 
series of 104 such patients. These facts suggest that 
the mortality from ischemic heart disease might be 
further reduced by identifying and treating the pop- 
ulation of patients who will soon have a myocardial 
infarction. 

Surgical vs. medical treatment of unstable an- 
gina: There is no solid evidence for concluding that 
surgical therapy is superior to medical therapy in the 
management of unstable angina. The natural history 
of the medically treated condition is unknown. Sev- 
eral studies have been reported, 9.7.10.11,15-18 but dif- 
ferences in definitions and methods of management 
make comparisons impossible. In addition, only one 
other study? with long-term follow-up has been re- 
ported in patients with unstable angina who had an- 
giographic documentation of coronary arterial anat- 
omy and ventricular function. : 

The majority of our patients (45) had double or 
triple coronary artery disease, although 11 had single 
vessel narrowing and 1 patient had angiographically 
normal coronary arteries. In the patients with double 
or triple vessel disease, there were no common coro- 
nary arterial patterns associated with subsequent in- 
creased morbidity or mortality. No deaths (surgical 
or medical) occurred in patients with single vessel 
disease; the one patient with angiographically nor- 
mal coronary arteries died suddenly 2 months after 
hospital discharge. Unfortunately, autopsy permis- 
sion was not obtained for this patient. 

Fifteen of the 57 patients were managed medically. 
Of these, 5 were not considered candidates for sur- 
gery and 10 had coronary artery disease and ventric- 
ular function suitable for surgery. One patient in 
each group died and 1 of the 10 potential surgical 
patients had a myocardial infarction 6 months after 
discharge from the hospital. Seven of the 13 survi- 
vors of medical management reported symptomatic 
improvement and 2 were pain-free. The average fol- 
low-up period of these medically treated patients 
was 10 months (range 1 to 30 months). 

Nine of the 40 patients with unstable angina who 
underwent coronary arterial bypass surgery died dur- 
ing hospitalization. There were no late deaths in the 
3l survivors, but one patient had a myocardial in- 
farction 6 months after discharge from the hospital. 
The 31 survivors of surgery were followed up for an 
average of 16.7 months (range 3 to 24 months). 
Thirty reported marked symptomatic improvement, 
and 21 were pain-free. Thus, in these patients with 
unstable angina, the surgical mortality rate was 22 
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percent. This figure is significantly higher than the 
mortality rate in patients with stable angina who 
have undergone vein bypass surgery. During the 
period that the patients with unstable angina pecto- 
ris were operated on, the same surgeons obtained a 
3.4 percent operative mortality rate in 201 patients 
with disabling stable angina. This latter figure is 
consistent with results found in other centers. 

Other institutions have reported a surgical mortal- 
ity rate for patients with unstable or preinfarction 
angina of 10 percent or less.1:7 The wide range in 
surgical mortality in this group of patients with a 
relatively constant mortality rate of 1 to 5 percent 
for the same operation and same surgeons in stable 
angina indicates a wide variation in the clinical defi- 
nitions of unstable angina and, possibly, in the se- 
verity of the coronary atherosclerosis and the result- 
ing myocardial dysfunction. The presence of unrec- 
ognized myocardial infarction in this group of pa- 
tients with unstable angina pectoris may partly ex- 
plain the differences in surgical mortality rates. The 
timing of surgery may also be an important determi- 
nant of mortality and morbidity.!? It may be more 
hazardous to operate on a patient during the unsta- 
ble state. A more prudent therapeutic approach 
might consist of intensive vigorous medical man- 
agement followed by surgical therapy in 3 to 6 
weeks. 

The absence of uniform clinical definitions of un- 
stable angina has been responsible in part for the 
failure of previous reports to provide the needed 
answers to questions about the natural history of un- 
stable angina. Another problem relates to the term 
"preinfarction," which has come into widespread use 
without precise definition and has contributed to the 
sense of urgency about surgical therapy. A given syn- 
drome of ischemic pain and electrocardiographic 
changes can be termed preinfarction only retrospec- 
tively. Only a fraction of patients presenting with 
the so-called preinfarction syndrome will have a 
myocardial infarction.8 It is difficult to find a term 
on which there is universal agreement but we believe 
that the term preinfarction is undesirable because it 
implies the knowledge of the future, which we do not 
have. The term unstable angina is preferred since it 
indicates that the situation is changing and the fate 
unknown. 

Experience with stable angina pectoris indicates 
that estimates of mortality rates based on arterio- 
graphic anatomy are much more precise than those 
based on clinical definitions alone.2° There is reason 
to believe that a similar increase in precision will be 
possible in patients with unstable angina if use of 
clinical definitions is supplemented by coronary arte- 
riography. Arteriographic characterization of all pa- 
tients would therefore be desirable for precise defini- 
tion of the population under consideration. 

Clinical implications: Our observations suggest 
the following: (1) Symptomatic improvement can be 
obtained with either medical or surgical treatment in 
many patients with unstable angina. However, surgi- 
cal survivors have a better chance of being pain-free 
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than do medical survivors. (2) Coronary arteriogra- 
phy may be more hazardous in patients with unsta- 
ble angina than in patients with stable angina. (3) 
Immediate mortality is greater with surgical treat- 
ment than with medical management. (4) Late mor- 
tality is small in both groups of patients. (5) Late 
morbidity, that is, myocardial infarction, is small in 
both groups. l 

These observations do not identify either medical 
or surgical treatment as clearly superior for patients 


with unstable angina. The variations in natural his- 
tory and the difficulty with precise clinical defini- 
tions plus the lack of anatomic information suggest 
that a satisfactory answer will not be obtained by 
comparing a surgical series from one institution with 
a medical series from another.2! The question can 
only be answered by a random trial in which pa- 
tients are identified by clinical and arteriographic 
criteria and then randomly assigned to medical and 
surgical groups. 
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Rapid atrial pacing was performed in 15 patients at the time of car- 
diac catheterization. The results indicate that tachycardia may pro- 
duce incomplete left ventricular relaxation in patients with disorders 
characterized by ischemia, but not in those with a normal left ventri- 
cle. This phenomenon was characterized by (1) a decrease in the 
peak negative value for first derivative of left ventricular pressure 
(dP/dt), which was used in the study as an index of left ventricular 
relaxation rate, (2) an increase in left ventricular diastolic pressure, 
and (3) a decrease in left ventricular internal diameter. These find- 
ings suggest that ventricular relaxation is an important determinant 
of left ventricular diastolic pressure-volume relations and that an im- 
pairment of ventricular relaxation may be partly responsible for the 
apparent decrease in left ventricular diastolic compliance observed 
during pacing-induced angina pectoris. 


Cardiac muscle relaxation is dependent on the energy-linked process 
by which sarcoplasmic reticulum sequesters myoplasmic calcium.1-2 
A defect in this metabolic process could decrease the rate and extent 
of ventricular relaxation and thereby alter the diastolic pressure-vol- 
ume relation of the left ventricle so that a higher level of filling pres- 
sure would be required. This change, which might be interpreted as 
a decrease in left ventricular diastolic compliance, could be the con- 
sequence of continuing contractile protein interaction during dias- 
tole. 

Although incomplete ventricular relaxation may not be evident at 
rest, it may be induced by a stress such as tachycardia or ischemia. 
In isolated cardiac muscle and in the in situ canine heart, hypoxia or 
ischemia can lead to a significant prolongation of the duration of 
contraction.?:* In human subjects and animals, rapid atrial pacing is 
commonly associated with a reduction in left ventricular diastolic 
pressure, but under certain circumstances an increase in diastolic 
pressure may occur. Sympathetic denervation is one circumstance in 
which a rapid frequency of contraction leads to encroachment on di- 
astolic time, thereby allowing insufficient time for complete ventric- 
ular relaxation to occur.? Another circumstance is that observed in 
patients with ischemic heart disease.9-? Rapid atrial pacing in such 
patients frequently causes an increase in left ventricular diastolic 
pressure, and in some patients a further increase in diastolic pres- 
sure is seen in the early beats following abrupt cessation of pacing. 
These findings have been attributed to subtle alterations in ventricu- 
lar volume occurring in ventricles with abnormal compliance.? Al- 
though this explanation may be valid in some instances, there is evi- 
dence indicating that exercise or pacing-induced angina pectoris can 
acutely alter the left ventricular diastolic pressure-volume relation in 
a manner suggesting a sudden decrease in ventricular compli- 
ance.10-1? The possibility that these alterations in diastolic pressure 
are associated with changes in ventricular relaxation has not been pre- 
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TABLE | 
Clinical Features and Hemodynamic Data 























Resting LV End-Diastolic Pressure (mm Hg) LV Minimal Diastolic Pressure (mm Hg) 
Case Heart Rate 
no. Diagnosis (beats/min) Rest HR+25 HR4-50 Rest HR4-25 HR-+-50 
Group 1 
1 Chest pain 80 10 3 3 4 0 0 
2 Chest pain 72 11 8 2 4 4 1 
3 Chest pain 70 9 6 0 5 2 0 
4 Chest pain 94 12 7 10 6 
5 Chest pain 63 12 12 4 4 vel 
6 Coronary artery disease 80 13 13 6 8 5 2 
7 Mid-systolic click syndrome 55 8 10 5 4 4 2 
8 Ventricular septal defect 77 5 0 —3 —3 —6 —6 
Mean + SEM 74+ 4 PENI 874221625 2-12 4,5133. 2:4. 1.4- 0 1.2 
Group 2 
9 Coronary artery disease 63 12 15 12 5 10 u 
10 Coronary artery disease 55 12 8 g 6 7 9 
11 Coronary artery disease 86 10 11 8 4 4 6 
12 Aortic stenosis 80 34 20 43 30 8 31 
13 Coronary artery disease 92 9 6 8 —1 —3 1 
14 Coronary artery disease 82 11 7 6 2 —1 1 
15 Aortic stenosis 83 18 11 10 4 2 7 
Mean + SEM 173-5 152:3.4 11.12: 1.9 14+4.9 7+ 3.8 4-E1.8 . 94+ 3.8 
*P value NS NS NS 0.05 NS NS 0.05 





* The statistical data represent intergroup comparisons of data at each heart rate rather than comparison of the incremental change 


between successive heart rates. 


HR + 25 and HR + 50 = pacing rates of 25 and 50 beats/min, respectively, greater than the resting heart rate; LV — left ventricular; 


NS — not significant; SEM — standard error of the mean. 


viously evaluated. Our study was undertaken to test 
the hypothesis that the increased left ventricular di- 
astolic pressure associated with pacing-induced myo- 
cardial ischemia might result in part from impaired 
left ventricular relaxation. 


Methods 

Patient material: Fifteen patients undergoing diag- 
nostic cardiac catheterization were prospectively studied 
in the fasting state after they had received 5 to 10 mg of 
diazepam intramuscularly as the only medication. Five 
patients, being evaluated for atypical chest pain, had nor- 
mal findings on coronary angiograms and left ventricular 
cineangiograms. All had a normal hemodynamic response 
to isometric handgrip exercise as evidenced by a signifi- 
cant increase in left ventricular stroke work with little or 
no elevation of the level of left ventricular end-diastolic 
pressure (4 mm Hg or less).12-15 One patient had moder- 
ate coronary artery disease but a normal left ventricular 
cineangiogram and a normal response to isometric exer- 
cise. Two other patients, one with mild mitral regurgita- 
tion secondary to a prolapsing posterior mitral valve leaf- 
let and one with a small ventricular septal defect, were 
also judged to have normal left ventricular function. None 
of these eight patients experienced angina pectoris or mani- 
fested S-T segment changes during rapid atrial pacing. 
"These patients comprised Group 1. 

' Group 2 was composed of the remaining seven patients, 
all with angina pectoris. Five had angiographically 
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demonstrated coronary artery disease, and two had severe 
aortic stenosis. Three patients with coronary artery disease 
had greater than 70 percent luminal narrowing of two 
major coronary arteries. The other two patients had dif- 
fuse involvement of all three coronary arteries although 
angiographically demonstrated luminal narrowing was less 
than 70 percent. The calculated aortic valve area indexes 
in the two patients with aortic stenosis were 0.5 and 0.3 
cm? /m?2, respectively.1® All seven patients in Group 2 had 
an abnormal response to isometric handgrip exercise in 
that left ventricular stroke work showed minimal or no in- 
crease although left ventricular end-diastolic pressure in- 
creased significantly (greater than 4 mm Hg). Four of 
these patients had clinical angina pectoris during pacing, 
and a fifth had greater than 1 mm S-T segment depres- 
sion on the electrocardiogram. Diagnoses and other perti- 
nent data are shown in Table I. 

Hemodynamic measurements: Standard right heart 
and retrograde aortic left ventricular catheterization tech- 
niques were used. Coronary angiography was performed in 
seven patients from Group 1 and five from Group 2. Left 
ventricular pressure was measured using a high fidelity 
catheter-tipped miniature transducer with an output ac- 
curaey of 0.5 percent of any selected range from —300 to 
+400 mm Hg (Millar Mikrotip, Millar Instruments, 
Houston, Texas). The first derivative of left ventricular 
pressure (dP/dt) was obtained using an Electronics for 
Medicine resistance-capacitance differentiating circuit 
with a 0.5 msec time constant and an output linearly pro- 
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TABLE II 
Response of dP/dt to Atrial Pacing 




















P Positive dP/dt (mm Hg/sec) Negative dP/dt (mm Hg/sec) — dP/dt/-i- dP/dt 
no. Resting HR+25 HR4-50 Resting HR+25 HR4-50 Resting HR4-25 HR4-50 
Group 1 
1 1952 2240 2496 2880 3040 3040 1.47 1.22 1.06 
2 1314 1924 2072 2424 2886 3293 1.84 1.50 1.15 
3 2016 2587 3192 3444 3898 3562 1971 1.51 1.12 
4 1617 2444 3422 3666 2.12 1:5 
5 1298 1498 bz 2198 2198 EN 1.74 155 kt. 
6 1820 1900 2100 2296 2384 2387 1.26 1.25 1.14 
7 1307 1548 1720 1703 1875 1720 1.30 1.21 1.00 
8 1554 1998 2164 2923 3108 3108 1.88 1.56 1.44 
Mean 1610+ 103  20172- 138 2290+ 206 2661+ 217  2882--248 2851+ 277 1.66+0.11 1.4140.05 1.15+0.06 
+SEM 
Group 2 
9 1972 2775 2958 3564 3654 3271 1.81 1.34 1.11 
10 1450 1924 1890 3315 2546 2176 2.29 1.3 1.15 
11 1593 1810 2643 2624 2661 2208 1.65 1.47 0.83 
12 884 1692 2632 2500 2782 1786 2.83 1.60 0.68 
13 1929 2184 2402 2566 2457 2147 1.33 1.45 0.89 
14 1283 1600 1655 2102 2344 1823 1.64 1.47 1.10 
15 2381 2589 3088 2195 1972 1860 0.92 0.76 0.60 
Mean 1641+ 188 2074+ 166  2466- 200 2695+ 207 2630+ 197 2181+ 194 1.78+0.19 1.34+ 0.10 0.91+0.08 
-—-SEM 
P value NS NS NS NS NS 0.05 NS NS 0.025 


Abbreviations as in Table I. 


portional to the input frequency, within 5 percent, up to a 
rated maximal frequency of 75 Hz. 

The left ventricular internal diameter was measured 
echocardiographically using previously described tech- 
niques for obtaining simultaneous echo signals from the 
left side of the interventricular sep.um and the endocar- 
dium of the left ventricular posterior wall.!7-20 A Smith 
Kline Ekoline-20 ultrasonoscope with a 2.25 megahertz 
transducer of 0.5 inch diameter was interfaced to an Elec- 
tronics for Medicine DR-12 recorder to obtain simulta- 
neous tracings of the echocardiogram, left ventricular 
pressure, dP/dt and lead II of the electrocardiogram. All 
recordings were made at a paper speed of 100 mm/sec 
with 20 msec time lines. 

Protocol: After collection of resting base-line data, a 
bipolar pacing catheter was positioned high in the right 
atrium and pacing was carried out at successive rates of 
25 and 50 beats/min greater than the resting heart rate. 
Data were collected after 2 minutes of pacing at each 
heart rate. Inspection of the records indicated that a 
steady state was achieved after this interval in all normal 
patients. In two patients from Group 1 second degree atrio- 
- ventricular block developed at a rate just greater than 25 
beats/min above the resting heart rate; in these patients 
pacing was extended at the intermediate rate for a second 
2 minute period. — 

Left ventricular end-diastolic pressure was measured at 
the point after the A wave at which left ventricular pres- 
sure rose sharply and smoothly. When there was doubt 
about this point, a point at the peak of the R wave of the 
electrocardiogram was chosen. Left ventricular minimal 
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diastolic pressure was considered to be the lowest level of 
pressure recorded during diastole. This occurred in the 
first third of diastole in all patients. Both peak positive 
and negative dP/dt were measured. Peak negative dP/dt 
was taken as an index of left ventricular relaxation rate. 

The echocardiographic left ventricular internal diame- 
ter was measured in centimeters as the vertical distance 
between the echoes from the endocardial surfaces of the 
interventricular septum and left ventricular posterior 
wall. Acceptable echocardiograms were obtained in six 
patients from Group 1 and in four from Group 2. 

After these studies, all patients underwent single plane 
left ventricular cineangiography in the right anterior 
oblique position. Two patients with regional abnormalities 
of left ventricular contraction were excluded from the 
echocardiographic analysis of ventricular diameter. Aortic 
root cineangiography was also performed, and aortic re- 
gurgitation was ruled out in each case, thereby ensuring 
that each patient had an isovolumic relaxation period. In 
the 10 patients with adequate echocardiograms there was 
a brief period after end-ejection during which the left ven- 
tricular internal diameter did not change significantly, 
thus further supporting the existence of an isovolumic re- 
laxation period. 

A minimum of five consecutive cardiac cycles at each 
heart rate were evaluated, and the results (Table II) are 
presented as: the average value for the number of cycles 
analyzed at each heart rate. The results for each patient 
group are presented as the mean + the standard error of 
the mean. Statistical comparison between the two groups 
was made using an unpaired f test. The resting heart rates 
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PEAK POSITIVE dP/dt 


FIGURE 1 (left). Peak positive dP/dt is 


PEAK NEGATIVE dP/dt 


illustrated for Groups 1 and 2 at three 
3000 heart rates: resting, resting plus 25 beats/ 3500 





min, and resting plus 50 beats/min. The 


ee 1 vertical bars represent the standard error 

as of the mean. The response of this index to 3000 

z 2500 atrial pacing is similar in both groups. 2 
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o FIGURE 2 (right). Peak negative dP/dt at! + 
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E 1500 in this index with atrial pacing in Group 1. 
In Group 2 there is a decrease. This dif- 1500 
ference in incremental change of peak 

000 negative dP/dt was significant at the P = 1000 
RESTING 25 50 0.0001 level, whereas the difference in RESTING 25 50 
the absolute value at the high pacing rate 
HEART RATE was significant at the P — 0.05 level. HEART RATE 


in each group were similar—Group 1: 74 + 4 beats/min; 
Group 2: 77 + 5 beats/min. Thus, all data were obtained at 
comparable heart rates throughout the study. 


Results 


Group 1 (normal left ventricular function): The 
observations can be summarized as follows. At rest, 
peak negative dP/dt was greater than peak positive 
dP/dt (2,661 + 217 mm Hg/sec compared to 1,610 + 
103 mm Hg/sec). With atrial pacing at a rate 50 
beats/min greater than the resting rate, peak posi- 
tive dP/dt increased an average of 680 mm Hg/sec 


LEFT VENTRICULAR END 


LEFT VENTRICULAR MINIMAL 


(Fig. 1). Peak negative dP/dt also increased al- 
though the incremental change was less (190 mm 
Hg/sec) (Fig. 2). Left ventricular end-diastolic pres- 
sure decreased an average of 7.8 mm Hg (Fig. 3). 
The minimal left ventricular diastolic pressure also 
decreased an average of 4.5 mm Hg with atrial pac- 
ing at the higher rate (Fig. 4). The left ventricular 
internal diameter showed a small decrease with in- 
creasing heart rate. (Fig. 5). 

Group 2 (angina pectoris, abnormal left ven- 
tricular function): At rest, values in Group 2 were 
similar to those in Group 1. Negative dP/dt was 
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FIGURE 3 (left). Left ventricular end-diastolic pressure decreased progressively with increasing heart rate in Group 1. In Group 2 there 
was a decrease in left ventricular end-diastolic pressure at the intermediate pacing rate. At the higher rate, during ischemia, left ven- 


tricular end-diastolic pressure increased significantly. 


FIGURE 4 (center). Left ventricular minimal diastolic pressure decreased progressively with increasing heart rate in Group 1. In Group 
2 there was a decrease in left ventricular minimal diastolic pressure at the intermediate rate. At the higher rate, during ischemia, left 


ventricular minimal diastolic pressure increased significantly. 


FIGURE 5 (right). The left ventricular internal diameter as determined from the echocardiogram shows a progressive decrease with in- 
creasing heart rate. Measurements were made at end-diastole, end-systole, and in early diastole at the point of minimal left ventricular 


diastolic pressure. There is no significant difference between the groups. 
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greater than positive dP/dt (2,695 + 207 mm Hg/sec 
compared to 1,641 + 188 mm Hg/sec). During atrial 
pacing at the highest rate, peak positive dP/dt in- 
creased to 2,466 + 200 mm Hg/sec, an average in- 
crease of 825 mm Hg/sec. This change (Fig. 1) was 
similar to the response of positive dP/dt found in 
Group 1. However, the response of peak negative 
dP/dt was quite different during atrial pacing in the 
seven patients in Group 2. Peak negative dP/dt de- 
creased with increasing heart rate, so that at the 
higher paced rate (resting heart rate plus 50 beats/ 
min), it had been reduced from 2,695 + 207 to 2,181 
+ 194 mm Hg/sec, an average decrease of 514 mm 
Hg/sec (Fig. 2). In four of these seven patients this 
change was coincident with the onset of angina pec- 
toris, and in a fifth with electrocardiographic evi- 
dence of ischemia. This decrease in the magnitude of 
negative dP/dt contrasts sharply with the increase 
consistently observed in patients from Group 1, and 
suggests an association between ischemia and im- 
paired left ventricular relaxation. 

If the relation of peak negative dP/dt to peak posi- 
tive dP/dt is expressed as a ratio, relative changes in 
each variable become readily apparent. At rest this 
ratio averaged 1.66 in Group 1 and 1.78 in Group 2, 
indicating that the rate of relaxation exceeded that 
of pressure development. During pacing-induced 
tachycardia the ratio decreased in both groups, but 
peak negative dP/dt still exceeded positive dP/dt in 
Group 1. In Group 2, however, the ratio was reduced 
to 0.91, thus indicating a reversal of the usual rela- 
tion between the rates of relaxation and pressure de- 
velopment. 

Other hemodynamic changes associated with the 
decrease in negative dP/dt occurred in Group 2. Left 
ventricular end-diastolic pressure increased at the 
time of ischemia (Fig. 3). Minimal left ventricular 
diastolic pressure also increased, and at the higher 
paced rate there was a significant difference in this 
variable between Groups 1 and 2 (Fig. 4). Left ven- 
tricular internal diameter decreased slightly with in- 
creasing heart rate, and there was no significant dif- 
ference in this response between Groups 1 and 2 
(Fig. 5). 


Discussion 


'The major observation of our study was the identi- 
fication of a group of patients with ischemic heart 
disease who manifested characteristic alterations in 
ventricular performance during  pacing-induced 
tachycardia. These patients differed from the normal 
patients in the following manner. First, during 
tachycardia, left ventricular end-diastolic and mini- 
mal diastolic pressure increased. Second, this in- 
crease in diastolic pressure was associated with a de- 
cline in the maximal rate of reduction of pressure 
(peak negative dP/dt), the latter being taken as an 
index of ventricular relaxation. Third, these changes 
occurred at a time when there appeared to be a re- 
duction in size of the ventricular cavity. These ob- 
servations support the concept previously advanced 
by others!0? that the hemodynamic alterations 
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FIGURE 6. This plot of left ventricular (LV) minimal diastolic 
pressure versus peak negative dP/dt illustrates the inverse rela- 
tion observed. The closed circles mark the resting values and 
the arrowheads mark the values during pacing at the high rate. 
In Group 1, during pacing, peak negative dP/dt increased and 
left ventricular minimal diastolic pressure decreased. An oppo- 
Site response occurred in Group 2, with peak negative dP/dt 
decreasing and minimal left ventricular diastolic pressure in- 
creasing during pacing-induced ischemia. 


noted during pacing-induced angina result from an 
apparent change in left ventricular diastolic compli- 
ance rather than transient left ventricular failure. 

The occurrence of a defect in myocardial relaxa- 
tion during ischemia has been suggested by a recent 
study?! reporting a decrease in early diastolic left 
ventricular posterior wall velocity as determined 
echocardiographically during exercise-induced angi- 
na pectoris. Barry et al.!? carried out beat to beat 
left ventricular pressure-volume analyses during pac- 
ing-induced angina pectoris and found that left ven- 
tricular end-diastolic pressure increased without a 
significant change in left ventricular end-diastolic 
volume. They attributed this apparent shift of the 
ventricular compliance curve to “contracture of a 
portion of ischemic myocardium." 

Our study suggests that the responses of ventricu- 
lar contraction and relaxation to an increased heart 
rate, a known inotropic stimulus, can be dissociated 
—namely, an augmentation of contraction but an 
impairment of relaxation. Such an interpretation is 
in keeping with previously reported evidence that 
myocardial contraction and relaxation are loosely 
coupled processes that can be affected independent- 
ly.22 The mechanism for an impairment of myocar- 
dial relaxation is not known, but it may be related to 
a reduction in available energy during anaerobiosis. 
There is evidence to indicate that more energy is re- 
quired for the process of calcium removal from con- 
tractile sites than for the steps that initiate muscle 
contraction.? It is therefore possible to speculate that 
the relaxation process is relatively more sensitive to 
ischemia than is the contraction mechanism. 

- Negative dP/dt as an index of left ventricular 
relaxation: It is important to review the practice of 
using negative dP/dt as an index of left ventricular 
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relaxation. During cardiac muscle relaxation two 
basic processes are believed to occur. The first, and 
presumably dominant, phenomenon is dissociation of 
the bonds formed between the coniractile proteins. 
Calcium uptake by the sarcoplasmic reticulum is 
thought to be an integral aspect of the biochemical 
process leading to this dissociation.!;2.2? The second 
important process is elastic recoil of the tissues that 
have been stretched and put under tension by con- 
traction. Lengthening of the contractile elements oc- 
curring during isometric relaxation is a consequence 
of shortening of the elastic components. Since it is 
unlikely that a mechanical elastic system would re- 
spond to the pharmacologic and metabolic interven- 
tions known to influence myocardial relaxation,?2-24 
it seems probable that metabolic dissociation be- 
tween the contractile proteins is the major factor 
governing the rate of myocardial relaxation. The rate 
of fall of tension, negative dT/dt, would be a more 
ideal index of relaxation. Negative dT/dt could not 
be measured in our study, but the relation between 
negative dP/dt and negative dT /dt can be defined. 
'The equation for mean wall tension (T) in a thin- 
walled sphere, 


T = PR/2h (1) 


where R = radius and h = wall thickness, can be dif- 
ferentiated with respect to time and multiplied by 
—1so that 


—dT/dt = (-dP/dt)(R/2h) (2) 


When measured during an isovolumic phase of the 
cardiac cycle with constant radius, R, and wall 
thickness, h, negative dT/dt is proportional to nega- 
tive dP/dt. If negative dP/dt has decreased at a time 
when R/2h has decreased, it follows that the rate of 
reduction in tension, negative dT/dt, must have de- 
creased to an even greater extent. This was the 
case in the patients in Group 2. The relation 
between negative dP/dt and negative dT/dt 
in patients in Group 1 is less clear since nega- 
tive dP/dt increased at a time when R/2h had de- 
creased. It should be pointed out, however, that left 
ventricular internal diameter at end-systole was 
equally reduced in both groups; therefore, the 
changes in radii should be comparable between the 
two groups. In this circumstance, R/2h can be ig- 
nored for the purpose of comparison, and the change 
in negative dP/dt can be equated to a change in neg- 


ative dT/dt. Since peak negative dP/dt occurs dur- 
ing isovolumic relaxation,?° it becomes an acceptable 
index of myocardial relaxation. 

Cohn et al.29 recently reported studies in which 
they found peak negative dP/dt increased with ino- 
tropic stimuli in isolated dog hearts. In intact ani- 
mals they observed little change in negative dP/dt 
and attributed this to a smaller end-systolic left ven- 
tricular volume resulting from the positive inotropic 
stimulus. They concluded that peak negative dP/dt 
was dependent on both inotropic state and end-sys- 
tolic fiber length. Although a decrease in end-systolic 
volume appeared to negate the increase in peak neg- 
ative dP/dt during isoproterenol infusion, in no case 
did peak negative dP/dt fall below control levels in 
their study. It is improbable that the decrease in 
peak negative dP/dt coincident with angina pectoris 
in our patients was due to a sudden decrease in end- 
systolic volume since major reductions in left ven- 
tricular volume during pacing-induced angina have 
not been reported.+°:12 

Caution is needed in interpreting the data relating 
left ventricular pressure and cavity size. The echo- 
cardiographic technique samples only a small por- 
tion of the left ventricle, and changes in ventricular 
geometry or the symmetry of contraction may be 
missed. Nonetheless, it appears that diastolic left 
ventricular internal diameter had decreased from 
control levels at a time when left ventricular diastol- 
ic pressure had increased. This is in keeping with the 
observations of others!? and suggests that a sudden 
decrease in observed ventricular compliance oc- 
curred, producing the increase in left ventricular dia- 
stolic pressure. 

Implications of study: Our data suggest that 
tachycardia may produce incomplete left ventricular 
relaxation in patients with disorders characterized 
by ischemia, but not in those with a normal left ven- 
tricle. This phenomenon is characterized by a de- 
crease in peak negative dP/dt and an increase in left 
ventricular diastolic pressure (Fig. 6). These changes 
occur coincidentally with a probable decrease in left 
ventricular chamber volume. It is proposed that ven- 
tricular relaxation is an important determinant of 
diastolic pressure-volume relations and that an im- 
pairment of ventricular relaxation may be responsi- 
ble for the apparent decrease in left ventricular dia- 
stolic compliance observed during pacing-induced 
angina pectoris. 
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The clinical, hemodynamic and angiographic findings of 42 patients 
with coronary artery disease and electrocardiographic and vector- 
cardiographic evidence of an intraventricular conduction disturbance 
are reported. All patients were evaluated because of symptomatic 
heart disease, and they represent 7 percent of patients with coronary 
artery disease studied. Right bundle branch block was present in 6, 
left anterior hemiblock in 18, left anterior hemiblock with right bun- 
dle branch block in 9 and left bundle branch block in 8 patients; only 
1 patient had right bundle branch block with left posterior hemiblock. 
Angina pectoris was present in 79 percent. Congestive heart failure 
and cardiomegaly were common in patients with left bundle branch 
block and left anterior hemiblock with right bundle branch block. 
Transmural myocardial infarction on electrocardiogram and vector- 
cardiogram was common (55 percent). involving the anterior wall of 
the left ventricle in 72 percent. Eight patients with left bundle branch 
block or left anterior hemiblock with right bundle branch block had a 
prolonged P-R interval. Patients with right bundle branch block had 
normal left ventricular function, end-diastolic volume and ejection 
fraction, and predominant three vessel coronary disease. In the ab- 
sence of a transmural myocardial infarction, left anterior hemiblock 
was associated with normal end-diastolic volume and ejection frac- 
tion. More than half of the patients with left anterior hemiblock had 
single vessel disease. Patients with left bundle branch block or right 
bundle branch block with left anterior hemiblock had almost uni- 
formly abnormal left ventricular hemodynamics, end-diastolic volume 
and ejection fraction, and the majority had double or triple vessel 
disease. The single patient with left posterior hemiblock and right 
bundle branch block had normal left ventricular function. All the pa- 
tients with abnormal left ventricular function had abnormal anterior 
or apical systolic wall abnormalities, or both. All the patients, except 
the one with left posterior hemiblock and right bundle branch block, 
had significant disease of the left anterior descending coronary ar- 
tery. We conclude that the hemodynamic derangements found are 
correlated more with the intraventricular conduction disturbance 
than with the extent of the coronary artery disease. The only signifi- 
cant relation with coronary artery disease was the finding of major 
disease of the left anterior descending coronary artery in all but one 
patient. 


Intraventricular conduction disturbances have been reported in 8 to 
24 percent of patients during acute myocardial infarction. 9 Left an- 
terior hemiblock is the most frequently cited disturbance.!:? Interest 
in intraventricular conduction disturbances associated with arterio- 
sclerotic heart disease has focused mainly on mortality rate and the 
role of prophylactic transvenous pacing.!!? Little information is 
available on patients who have been discharged from the hospital 
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TABLE ! 


Clinical Information in 42 Patients 





RBBB LAH LAH + RBBB LBBB LPH + RBBB 
Number of patients 6 18 9 8 1 
Age (yr) 
Mean 54.9 52.4 59.8 52.2 47 
Range 34-65 38-68 51-69 42-65 
Angina pectoris 6 17 5 4 1 
Duration (yr) 
Mean 2.3 1.8 1.3 L2 0.5 
Range 1/2-6 1/4-7 1/2-3 1-2 
Myocardial infarction 
(by history) 5 9 8 7 1 
Congestive heart failure 
(by history) 0 1 6 6 0 
Hypertension 4 7 2 2 4 
Abnormal glucose tolerance 6 9 4 3 0 
Enlarged heart (by X-ray) 0 3 7 7 0 
Myocardial infarction 1 10 8 3 1 


(by electrocardiogram and 
vectorcardiogram) 


LAH = left anterior hemiblock; LBBB = left bundle branch block; LPH = left posterior hemiblock; RBBB = right bundle branch block. 


after sustaining an acute myocardial infarction com- 
plicated by an intraventricular conduction de- 
fect,4:8.11 and there are few hemodynamic and angio- 
graphic studies of these patients. Haft et al.!? de- 
scribed the hemodynamic and angiographic aspects 
of 24 patients with left bundle branch block, of whom 
7 had coronary artery disease. Lewis and associates! 
described the coronary arteriographic findings in 12 
patients with left bundle branch block, of whom only 4 
had arteriosclerotic heart disease. This report de- 
scribes the clinical, hemodynamic and angiographic 
observations in a group of patients who had symp- 
tomatic coronary artery disease associated with an 
intraventricular conduction disturbance. 


Methods 


A review of 605 consecutive, fully evaluated patients re- 
ferred to our institutions because of symptomatic coronary 
artery disease revealed 42 patients (38 male, 4 female) 
with an intraventricular conduction disturbance. No pa- 
tient had evidence of acquired valvular or congenital heart 
disease. All patients underwent a complete history and 
physical examination. A history of a myocardial infarction 
was accepted if documented by the referring doctor by se- 
rial electrocardiographic changes or if the patient had a 
history of prolonged chest pain requiring hospitalization of 
3 or more weeks. Serial electrocardiograms were available 
for review in 12 cases. A history of congestive heart failure 
was based on a prior hospital admission for congestive 
heart failure or shortness of breath not associated with an- 
gina pectoris and responding to treatment with digitalis or 
diuretic agents, or both. A diagnosis of hypertension re- 
quired either a history of antihypertensive therapy or a 
diastolic pressure over 90 mm Hg on admission for evalua- 
tion. Cardiac roentgenographic studies were obtained in 
all cases and intepreted by a radiologist to define the 
presence or absence of cardiomegaly. A 12 lead electrocar- 
diogram and vectorcardiogram, utilizing the Frank lead 


system,!4 were obtained in all cases. The electrocardio- 
graphic and vectorcardiographic diagnosis of an intraven- 
tricular conduction disturbance, either alone or in associa- 
tion with a transmural myocardial infarction, was based 
on criteria described by others.15?! A glucose tolerance 
test was performed in all cases, and evaluation for abnor- 
mal glucose tolerance was based on the nomogram and 
percentile rank, as described by Andres.?? 

The technique for hemodynamic studies performed in 
these patients has been previously described.?? Right and 
transseptal left heart catheterization procedures were per- 
formed in all patients. Pressures were measured in all 
chambers of the heart and cardiac output was determined 
by the direct Fick principle. The normal cardiac index for 
this laboratory is 3.3 + 0.8 liters/min per m?. A left ven- 
tricular end-diastolic or mean left atrial pressure greater 
than 11 mm Hg was considered abnormal. Left ventricular 
angiograms were obtained by injecting 0.50 to 0.75 ml/kg 
of 90 percent sodium meglumine diatrizoate into the left 
ventricle through the transseptal catheter over a 2 to 2.5 
second interval with the use of a power injector (Via- 
monte-Hobbs). The left ventricular angiographic study 
was performed with the patient in the right anterior 
oblique position, utilizing a dual field (9 and 6 inch) 
image intensifier (General Electric) with 35 mm film, 
taken at 60 frames a second. On completion of the left 
ventricular angiogram, selective coronary angiograms were 
obtained in multiple views. In eight patients selective cor- 
onary angiograms were obtained by the methods of Sones 
and Shirey;?* in the remaining patients percutaneous 
transfemoral selective coronary angiograms were obtained 
by the Judkins technique.?° Left ventricular volumes were 
measured by the methods of Greene et al.?9 The largest 
calculated volume was considered the end-diastolic vol- 
ume which, when divided into the stroke volume, defined 
the ejection fraction. The normal values for left ventricu- 
lar end-diastolic volume index and ejection fraction deter- 
mined by this method were 70 + 20 ml/m? and 0.66 + 
0.11, respectively. The pattern of left ventricular contrac- 
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TABLE II 


Hemodynamic Data in 42 Patients 

Ger ATO ilu ETS US UE Ba ee ES ae Pa > ER a er ee eS eee 
RBBB LAH LAH + RBBB LBBB LPH + RBBB 

UN Etta ge PES net SOP E ER A UT P tu y ee dio HUM PORUM eb ea eee 


Cardiac index (liters/min per m?) 


Mean 2.94 2.81 2.42 2.22 3.0 
Range 2.6-3.7 2.1-3.8 1.8-3.2 1.6-2.7 
Left atrial mean pressure (mm Hg) 
© Mean 6.4 8.1 18.9 26.0 7 
Range 2-14 3-15 6-30 22-29 
Left ventricular end-diastolic 
pressure (mm Hg) 
Mean 10.6 13.4 20.0 26.0 8 
Range 6-26 5-30 8-26 24-30 
Volume (ml/m?) 
Mean 60 78 134 151 102 
Range 48-80 47-129 57-200 115-198 te 
Left ventricular ejection fraction 
Mean 0.68 0.59 0.37 0.30 0.57 
Range 0.58-0.79 0.34-0.79 0.17-9.70 0.19-0.40 





Abbreviations as in Table l. 


tion was determined by reviewing the cineangiograms and 
utilizing the terminology defined by Herman and asso- 
ciates.27 Significant coronary artery disease was consid- 
ered present if the arterial lumen was judged occluded by 
more than 50 percent.28 Determination of the anatomic 
coronary arterial pattern was dependent on the artery giv- 
ing rise to the posterior descending artery and was based 
on the classification by Schlesinger.?? 


Results 


Comparison of the 42 patients with an intraven- 
tricular conduction defect with the 563 patients hav- 
ing coronary artery disease and no evidence of a con- 
duction defect revealed no differences in age, pres- 
ence of hypertension, impaired glucose tolerance or 
prior history of a myocardial infarction (Table I). 
The mean duration of symptoms in the study group 
was 1.6 years compared to 2.8 years in the 563 pa- 
tients without evidence of a conduction defect 
(P «0.05). Thirty patients with an intraventricular 
conduction defect and a history of prior myocardial 
infarction noted symptoms of angina pectoris or con- 
gestive heart failure after discharge from the hospital 
or within 1 year of discharge. Five of the 42 patients 
(21 percent) with an intraventricular conduction dis- 
turbance had a history of congestive heart failure, 
and 40 percent had radiographic evidence of cardio- 
megaly compared to 10 and 11 percent, respectively, 
of the 563 patients with no evidence of a conduction 
defect. Electrocardiographic and vectorcardiographic 
evidence of a transmural myocardial infarction was 
more frequent in the patients with conduction de- 
fects (55 percent) than in those without conduction 
disturbance (38 percent). Anterior wall infarction 
was more frequent in the 23 patients with an intra- 
ventricular conduction disturbance and electrocar- 
diographic evidence of infarction (72 percent) than 
in the 199 patients with electrocardiographic evi- 
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dence of an infarction and no conduction disturbance 
(34 percent). Three patients with left bundle branch 
block and five with left anterior hemiblock and right 
bundle branch biock had a prolonged P-R interval. 
One of the latter patients had intermittent complete 
heart block. 


Right Bundle Branch Block 


Six patients with right bundle branch block were 
referred because of angina pectoris (Table I), and 
five had a history of a myocardial infarction. How- 


TABLE Ill 
Left Ventricular Angiographic Findings in 42 Patients 





LAH+ LPH + 
RBBB LAH RBBB LBBB RBBB 
Number of patients 6 18 9 8 1 
Synergy 
Normal 3 7 argh Mes 
Hypokinesia t pn 1 3 
Asynergy 
Akinesia 
Anterior ies 1 2 2 
Anteroapical ES 1 3 3 
Apical 1 ees 3 1 
Inferior re 3 4 2 
Asyneresis 
Anterior 2 7 4 2 : 
Inferior nse eis ae Pas 1 
Dyskinesia 
Apical aoe 2 ge Los Xm 
Anterior or apical wall 3 10 8 8 0 
abnormality 
Mitral insufficiency 0 0 2 4 0 


Abbreviations as in Table |. 
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End -diastolic Volume 


150 


50 





RBBB LAH LAH+RBBB LBBB LPH +RBBB 


FIGURE 1. Distribution of the left ventricular end-diastolic vol- 
ume (ml/m?) for each conduction disturbance noted. Closed 
circles indicate patients with electrocardiographic evidence of a 
transmural myocardial infarction, horizontal bars the mean for 
each group. LAH = left anterior hemiblock; LBBB = left bundle 
branch block; LPH = left posterior hemiblock; RBBB = right 
bundle branch block. 


ever, only one patient had electrocardiographic and 
vectorcardiographic evidence of a transmural inferior 
myocardial infarction; the right bundle branch block 
had appeared on the second day of the infarction. In 
another patient right bundle branch block developed 
during the course of an inferior myocardial infarc- 


Ejection 
Fraction 





RBBB LAH LPH+RBBB 


FIGURE 2. Distribution of the left ventricular ejection fraction 
for each conduction disturbance noted. Closed circles indicate 
patients with electrocardiographic evidence of a transmural 
myocardial infarction, horizontal bars the mean for each group. 
Abbreviations as in Figure 1. 


LAH*RBBB LBBB 


tion; 1 year later the bundle branch block was still 
present but there was no evidence of a previous myo- 
cardial infarction. Another patient had intermittent 
right bundle branch block during an acute antero- 
septal myocardial infarction; 3 months after dis- 
charge, the patient had no evidence of myocardial 
infarction but still had intermittent right bundle 
branch block. The conduction disturbance occurred 
with heart rates above 70 beats/min. The six pa- 
tients had had the myocardial infarction 3 months to 
6 years (mean 2.8 years) before study. Two patients 
were studied within 6 months of infarction. 

Hemodynamic studies (Table II) demonstrated in- 
creased left ventricular end-diastolic and mean left 
atrial pressures in two patients. The cardiac index 
was normal in all patients. Left ventricular end-dia- 
stolic volume and ejection fraction were normal in all , 
(Fig. 1 and 2). Three had a normal left ventricular 
contractile pattern (synergy) on left ventricular an- 
giograms (Table III). Selective coronary angiograms 
demonstrated a dominant left coronary artery in one 
patient and a dominant right coronary artery in the 
remaining five patients (Fig. 3). Only one patient 
had single vessel disease. The left anterior descend- 
ing artery was significantly diseased in all patients, 
with 50 to 90 percent narrowing in four patients and 
complete proximal occlusion in two. In these two pa- 
tients, there was excellent collateral filling of this ar- 
tery from vessels arising from the right coronary ar- 
tery. On the average, there was significant coronary 
artery disease in 2.5 vessels per patient. Collateral 
vessels were present in four patients. 


Left Anterior Hemiblock 


Eighteen patients had left anterior hemiblock 
(Table I). Seventeen were referred because of angina 


VESSEL 
INVOLVEMENT 
Triple gs a ge go 
Double 5 328 98 98 ó 
Single 
; Y dH S 


Average Number 
Of Vessels Involved 2.5 1.6 2.3 2.3 2 
Pet Pane >. mage LAH LAH+RBBB LBBB LPH + RBBB 
Anatomic Pattern 


© Right dominant 
e Left dominant 
> Balanced 


FIGURE 3. Distribution of the extent of significant coronary ar- 
tery disease for each conduction disturbance noted. All the pa- 
tients except the one with left posterior hemiblock and right 
bundle branch block had significant disease of the left anterior 
descending coronary artery. Therefore those patients with single 
vessel disease had isolated involvement of this artery. Also 
shown is the average number of vessels involved per patient in 
each group. Abbreviations as in Figure 1. 
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pectoris and one because of shortness of breath and 
enlarged heart. Nine patients had a history of myo- 
cardial infarction; however, only eight had confirma- 
tory electrocardiographic evidence of a previous 
transmural myocardial infarction (five anterior, one 
anteroseptal and one both inferior and anterior 
wall). Two other patients with no history of myo- 
cardial infarction had electrocardiographic evidence 
of a transmural infarction (anterior and inferior). Re- 
view of serial electrocardiograms in four patients 
during acute myocardial infarction revealed left ante- 
rior hemiblock and early changes of acute anterior 
infarction. In one of these patients, the hemiblock 
disappeared on discharge from the hospital but re- 
turned 1 year later. The nine patients with a prior 
history of a myocardial infarction had their infarc- 
tion 2.5 years (range 1 to 5 years) before study. Four 
patients were studied 1 year or less after infarction. 

Hemodynamic studies (Table II) revealed in- 
creased left ventricular end-diastolic pressure in 11 
patients and increased mean left atrial pressure in 6. 
The cardiac index was diminished in five, and all 
five had increased left ventricular end-diastolic pres- 
sure. The end-diastolic volume was increased in four 
patients and the ejection fraction was less than 0.50 
in five (Fig. 1 and 2). An abnormal end-diastolic vol- 
ume or ejection fraction was found only in the pres- 
ence of electrocardiographic evidence of myocardial 
infarction. Seven patients had a normal pattern of 
left ventricular contraction on  cineangiograms 
(Table III). Six had anterior asyneresis and one had 
anteroapical akinesia. Two patients had apical dys- 
kinesis, one had anterior and the other inferior akin- 
esia as well. One patient had inferior akinesia to- 
gether with anterior asyneresis; another patient had 
only inferior akinesia. Ten of the 11 patients with 
left ventricular wall abnormalities had anterior or 
apical wall involvement, and 7 of these had electro- 
cardiographic and vectorcardiographic evidence of 
myocardial infarction involving some part of the an- 
terior wall. No patient had mitral insufficiency. Se- 
lective coronary angiograms revealed a dominant 
right coronary artery in 17 patients and a dominant 
left coronary artery in 1 (Fig. 3). All the patients had 
significant disease of the left anterior descending ar- 
tery, and in 10 this vessel was the only one with sig- 
nificant disease (Fig. 3). All patients but 1 had ei- 
ther proximal stenosis (50 to 90 percent) of the left 
anterior descending artery (13 patients) or complete 
proximal obstruction with collateral filling distally 
(4 patients), and 1 patient had complete proximal ob- 
struction with no distal collateral filling. This latter 
patient was the only one with a history of congestive 
heart failure. For the entire group of patients there 
was significant coronary artery disease in 1.6 vessels 
per patient. Collateral coronary vessels were present 
in six patients. 


Left Anterior Hemiblock with 
Right Bundle Branch Block 

Nine patients had electrocardiographic and vector- 
cardiographic evidence of both left anterior hemi- 
block and right bundle branch block (Table I). Five 
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were referred because of angina pectoris and four be- 
cause of congestive heart failure. One of the latter 
patients had a murmur consistent with mitral insuf- 
ficiency. There was electrocardiographic evidence of 
previous myocardial infarction in seven of the eight 
with a history of myocardial infarction and in one 
patient with no history of infarction. The infarctions 
were anterior or anteroseptal in seven and both ante- 
rior and inferior in one. Four patients had serial elec- 
trocardiograms available for review; in all four the 
conduction disturbance developed during the acute 
myocardial infarction. One of these patients had an 
implanted demand pacemaker because of intermit- 
tent complete heart block; another patient had per- 
sistent left anterior hemiblock with intermittent 
right bundle branch block. One patient was studied 
3 years after myocardial infarction; the remaining 
seven patients were studied 4 months to 1 year after 
infarction. 

Hemodynamic studies ('Table II) revealed in- 
creased left ventricular end-diastolic pressure in 
seven patients and increased mean left atrial pres- 
sure in six. The cardiac index was reduced in six pa- 
tients. Seven had both increased left ventricular 
end-diastolic volume and reduced ejection fraction 
(Fig. 1 and 2). The single patient without electrocar- 
diographic evidence of a transmural myocardial in- 
farction had an increased left ventricular end-dia- 
stolic pressure and normal end-diastolic volume and 
ejection fraction. All but one had an abnormal pat- 
tern of contraction involving the anterior or apical 
wall of the left ventricle; three of these patients also 
had associated inferior wall akinesia (Table III). One 
patient had only inferior wall akinesia associated 
with severe mitral insufficiency secondary to papilla- 
ry muscle dysfunction. The end-diastolic volume and 
ejection fraction in this patient were 115 ml/m? and 
0.48, respectively. Another patient had a moderate 
degree of mitral insufficiency with an end-diastolic 
volume of 116 ml/m? and an ejection fraction of 0.27. 
Selective coronary angiograms demonstrated a domi- 
nant right coronary artery in seven, a dominant left 
coronary artery in one and a balanced circulation in 
one (Fig. 3). All patients had significant disease of 
the left anterior descending artery; only one had sin- 
gle vessel disease. This latter patient had a domi- 
nant left coronary artery. The left anterior descend- 
ing artery demonstrated proximal stenosis (50 to 90 
percent narrowing) and good runoff in three patients, 
complete obstruction with good distal collateral fill- 
ing in three and significant proximal narrowing and 
poor runoff into an attenuated vessel in three pa- 
tients. The entire group had an average of 2.3 signifi- 
cantly diseased vessels per patient. Collateral vessels 
were present in three patients. 


Left Bundle Branch Block 


Four of the eight patients were referred because of 
angina pectoris (Table I), and the remaining four 
because of an enlarged heart and congestive heart 
failure. Seven patients had a history of a myocardial 
infarction, three of them with electrocardiographic 
and vectorcardiographic findings suggestive of myo- 
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cardial infarction.!? The seven patients with a prior 
history of a myocardial infarction had had the in- 
farction 1.3 years (range 3 months to 4 years) before 
study, with five being studied 1 year or less after 
their myocardial infarction. The single patient with 
no prior history of a myocardial infarction was re- 
ferred with a diagnosis of primary myocardial dis- 
ease. All but one of the patients had cardiomegaly. 
Cardiac catheterization revealed increased left 
ventricular end-diastolic and mean left atrial pres- 
sures in all patients (Table II). Only one patient had 
a normal end-diastolic volume (Fig. 1). However, all 
patients had an abnormal ejection fraction (Fig. 2) 
and all had abnormal patterns of left ventricular 
contraction involving the anterior or apical wall 
(Table III). Four patients had a mild to moderate 
degree of mitral insufficiency. Selective coronary an- 
giography revealed a dominant right coronary artery 
in seven patients and a dominant left coronary ar- 
tery in one (Fig. 3). The left anterior descending ar- 
tery was significantly diseased in all. The one patient 
with single vessel disease had total obstruction of the 
proximal left anterior descending artery and a domi- 
nant left coronary artery. Of the remaining seven pa- 
tients, five had 50 to 90 percent narrowing of the 
proximal left anterior descending artery and two had 
total obstruction with distal collateral filling from 
the right coronary artery. There was an average of 
2.3 significantly diseased vessels per patient. Collat- 
eral coronary vessels were present in three patients. 


Left Posterior Hemiblock and 
Right Bundle Branch Block 


Only one patient, a 47 year old woman referred 
because of angina pectoris, had left posterior hemi- 
block and right bundle branch block (Table I). The 
conduction defect was noted during an acute inferior 
myocardial infarction 6 months before study. Hemo- 
dynamic studies (Tables II and III, Fig. 1 and 2) re- 
vealed normal cardiac output and left heart pres- 
sures. The left ventricular end-diastolic volume and 
ejection fraction were 102 ml/m? and 0.57, respec- 
tively. Left ventricular angiogram revealed inferior 
wall asyneresis. Selective coronary angiogram dem- 
onstrated a dominant right coronary artery and 
major occlusive disease of the right coronary (90 per- 
cent proximal narrowing) and left circumflex arteries 
(60 to 80 percent narrowing). The left anterior de- 
scending artery was normal. 


Discussion 


The results of our study are limited because the 
patients had been referred for symptomatic heart 
disease. Undoubtedly, many patients who leave the 
hospital after an acute myocardial infarction compli- 
cated by an intraventricular conduction disturbance 
have no further symptoms for various periods of 
time.4:8-11 The effect of prophylactic permanent 
transvenous pacing on the natural course of patients 
with bifascicular block has yet to be determined. 
The 42 patients in our series represent 7 percent of 
all patients referred during a 3-year period for symp- 
tomatic coronary artery disease. Twenty of these pa- 


tients were evaluated within 1 year of myocardial in- 
farction. Serial electrocardiograms taken during the 
acute myocardial infarction were available for review 
in only 12 patients, and in all instances the conduc- 
tion defect was documented to have occurred during 
the acute infarction. The high rate of prevalence of 
anterior wall involvement demonstrated on the elec- 
trocardiogram in the 42 patients with conduction de- 
fects could have been anticipated since intraventric- 
ular conduction disturbances during an acute 
myocardial infarction are more commonly asso- 
ciated with anterior wall  electrocardiographic 
changes.1-5,7-9,30 

Correlation of conduction disturbance with 
hemodynamic findings and extent of coronary dis- 
ease: The hemodynamic derangements noted in 
these patients (Table II, Fig. 1 and 2) appear to cor- 
relate better with the conduction disturbance than 
with the extent of the coronary artery disease (Fig. 
3). This is especially evident when comparing the ex- 
tent of the coronary disease in the patients with 
right bundle branch block and in the group with left 
anterior hemiblock alone (Fig. 3). Left ventricular 
hemodynamic data, end-diastolic volume and ejec- 
tion fraction were normal in the patients with right 
bundle branch block; however, those with left anteri- 
or hemiblock were more likely to have an abnormal 
end-diastolic volume and ejection fraction. Thus, the 
presence of right bundle branch block did not reflect 
concomitant left ventricular dysfunction, whereas 
left anterior hemiblock, especially when associated 
with electrocardiographic evidence of a myocardial 
infarction, did predict the presence of abnormal left 
ventricular function. The combination of left anteri- 
or hemiblock and right bundle branch block was as- 
sociated with significant left ventricular dysfunction 
in the majority of patients (Table III, Fig. 1 and 2). 
Almost all of these patients had evidence of a 
transmural myocardial infarction. If one assumes 
that the cause of left bundle branch block in patients 
with coronary artery disease is disease involving both 
the anterior and posterior radiation of the left bun- 
dle, rather than the common bundle, then the severe 
abnormalities in left ventricular function found in 
these patients are readily understood. Myocardial in- 
volvement in proximity to the radiations of the left 
bundle would imply extensive myocardial disease. In 
29 patients, the left ventricular contractile pattern 
demonstrated various degrees of abnormality of the 
anterior or apical wall of the left ventricular (Table 
IID. The abnormal myocardial contraction was prob- 
ably related to disease of the left anterior descending 
artery with concurrent involvement of the adjacent 
anterior radiation of the left bundle. Abnormal left 
ventricular function was almost invariably related 
with abnormal anteroapical wall movement during 
systole. The mean end-diastolic volume and ejection 
fraction in the patients with left anterior hemiblock 
plus right bundle branch block and in those with left 
bundle branch block were significantly (P <0.001) 
different when compared to values in the group with 
left anterior hemiblock and in those with right bun- 
dle branch block. 
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Prognosis: Although the mortality rate during an 
acute myocardial infarction associated with right 
and left bundle branch block? is very high, it ap- 
pears from our study that once the patient has sur- 
vived the myocardial infarction and has been dis- 
charged from the hospital, the patient with left bun- 
dle branch block is more likely to be left with severe 
left ventricular impairment. The patients with right 
bundle branch block were referred because of angina 
pectoris, and no patient had a history of congestive 
heart failure or evidence of cardiomegaly. In con- 
trast, half of the patients with left bundle branch 
block were referred because of congestive heart fail- 
ure, and the majority of all the patients with left 
bundle branch block had cardiomegaly and a history 
of congestive heart failure. The mortality rate during 
an acute myocardial infarction is not adversely af- 
fected when associated with left anterior hemiblock,:.2 
whereas left anterior hemiblock with right bundle 
branch block is associated with an increased mortali- 
ty rate.?.7.31 Our report demonstrates that hemody- 
namic derangement may be present in both groups 
of patients once they have left the hospital after 
acute myocardial infarction. It is significant that the 
patients having isolated left anterior hemiblock and 
no electrocardiographic evidence of transmural myo- 
cardial infarction had a normal end-diastolic volume 
and ejection fraction. The lack of significant left ven- 
tricular impairment in the one patient with left pos- 
terior hemiblock and right bundle branch block was 
surprising. A very high mortality rate has been re- 
ported?.32.33 during an acute myocardial infarction 
associated with left posterior hemiblock and right 
bundle branch block. The absence of anterior or api- 
cal wall abnormality on left ventricular angiograms 
as well as a normal ejection fraction indicated that 
left posterior hemiblock with right bundle branch 
block need not be associated with extensive myocar- 
dial damage once the patient has been discharged 
from the hospital. 

Pathologic anatomy and clinical implications: 
The blood supply to the conduction system34-49 as 
well as the pathologic anatomy of the coronary circu- 
lation in the presence of intraventricular conduction 
disturbance?.3.34-38.431 has already been reported. 
The conduction disturbances that arise during acute 
myocardial infarction are usually associated with 
myocardial damage of adjacent portions of the heart 
showing the same sources of blood supply.39 The 
upper portion of the interventricular septum, which 
includes the atrioventricular node, the bundle of His 
and the proximal portion of both the right and left 
bundle, receives its blood supply from the atrioven- 
tricular nodal artery as well as perforating septal 
branches arising from the left anterior descending ar- 
tery.36-19 This dual blood supply, as well as the po- 
tential sources of collateral vessels, protects those 
structures of the conduction system located in the 
upper portion of the interventricular system. This 


probably explains the poor correlation between spe-- 


cific vascular lesions and conduction abnormalities 
noted on the electrocardiogram.?9 Furthermore, it 
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would imply, as found in our study and in pathologic 
studies,?:35 that right and left bundle branch block 
are associated with diffuse coronary artery disease 
(Fig. 3). However, as our hemodynamic findings 
suggest, diffuse coronary artery disease is not neces- 
sarily associated with left ventricular dysfunction 
when right bundie branch block is present, whereas 
it always indicates left ventricular derangement in 
association with left bundle branch block. In con- 
trast, the anterior division of the left bundle appears 
to be more vulnerable since it is supplied only by the 
left anterior descending coronary artery. This is re- 
flected in our study, in which more than half the pa- 
tients with left anterior hemiblock had single vessel 
disease of the left anterior descending coronary ar- 
tery. We found that conduction disturbance of one of 
the radiations of the left bundle, when associated 
with right bundle branch block, is associated with 
double or triple vessel disease. This could have been 
predicted on the basis of the blood supply to the 
conduction system. Lewis et al.1? noted a short main 
left coronary artery in 11 of their 12 patients. By 
contrast, an unusually short main left coronary ar- 
tery (less than 6 mm) was noted in only two of our 
eight patients with left bundle branch block. 

The important role of the left anterior descending 
coronary artery in the development of any form of 
intraventricular conduction defects, as predicted 
from anatomic studies,39-49 was confirmed in our 
study. Significant disease of the left anterior de- 
scending artery was noted in all patients but the pa- 
tient with left posterior hemiblock and right bundle 
branch block. Single vessel coronary artery disease 
has been noted in 21 to 36 percent of patients with 
angina pectoris and appears to be related to the du- 
ration of symptomatic disease.*? Thus, the transient 
presence of angina pectoris in a patient with an elec- 
trocardiogram showing only left anterior hemiblock 
would strongly suggest single vessel disease of the 
left anterior descending coronary artery. The diffuse 
coronary artery disease present in the patients with 
left anterior hemiblock and right and left bundle 
branch block correlates with the severe left ventricu- 
lar impairment present in these patients. Only two 
of these patients had single vessel disease, and both 
had a dominant left coronary artery (Fig. 3). The 
presence of double or triple vessel disease in five pa- 
tients with right bundle branch block was antici- 
pated. However, the absence of any evidence of myo- 
cardial dysfunction suggests greater vulnerability of 
the right bundle to ischemia as compared to the 
myocardium. The absence of left anterior descending 
artery disease in the one patient with left posterior 
hemiblock and right bundle branch block probably 
accounts for the relatively normal left ventricular 
function noted in this patient. 
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The resting, exercise and postexercise electrocardiograms of 600 
patients who were examined successively and who underwent 1,145 
two-step tests were analyzed for arrhythmias. Arrhythmias were 
found in 170 patients (28.3 percent); the incidence was greatest in 
men with organic heart disease (38 percent). Patients with organic 
heart disease manifested practically every type of arrhythmia except 
sustained ventricular tachycardia and ventricular fibrillation. The ar- 
rhythmias were not only unsuspected but explained the patients’ 
chief complaints. Exercise had no apparent effect on the majority of 
arrhythmias that were already revealed in the resting electrocardio- 
gram. Our findings suggest that vigorous antiarrhythmic measures 
are advisable to relieve symptoms and prevent possible progression 
of the rhythm disorder to life-threatening ventricular tachycardia or 
ventricular fibrillation. 


In 1942 a report from this institution! noted that the two-step exer- 
cise test often reveals and elicits unsuspected arrhythmias. In the 4 
years from 1964 through 1968 we successively examined 600 patients 
who performed 1,145 monitored Master two-step exercise tests. The 
tracings were studied for signs of arrhythmias during the recording of 
the control resting electrocardiogram, during the actual 3 minute pe- 
riod of exercise, and immediately after exercise while the patient lay 
supine on the examining table for at least 6 minutes. Two thirds 
(400) of the 600 patients had angina pectoris. 


Results 


The tracings obtained during and after exercise, repeatedly dem- 
onstrated a rhythm disorder that explained the complaints of the pa- 
tient although it had not been detected on physical examination and 
frequently was not evident on the ordinary resting or control electro- 
cardiogram. ‘Transient unsteadiness, lightheadedness, dizziness, 
“palpitation of the heart,” "irregular heartbeat.” “skipped beats,” a 
“thump,” a “pause” or a "stop" in the heartbeat, a “rapid” or 
“forceful” heartbeat, ‘‘faint-like” sensations and an actual ‘“‘black- 
out” or "faint" (syncope) were often the signal symptoms. 

The incidence of cardiac arrhythmias in the 600 patients is shown 
in Table I. Some type of arrhythmia appeared on the electrocardio- 
gram recorded at rest, during exercise (that is, while the patient was 
being monitored) or after exercise in 170 patients (38.3 percent) who 
performed the two-step test and was detected in 241 (21 percent) of 
the tests performed. The frequency of arrhythmias was greatest in 
the patients with organic disease (38 percent of the men [118 pa- 
tients] and 21 percent of the women [13 patients]). In patients with no 
organic lesion, the incidence of arrhythmias was 16 percent in men 
(25 patients) and 18 percent in women (8 patients). 

Table II presents an analysis of the data according to the number 
of tests performed (that is, the number of tracings obtained) rather 
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TABLE I. 


TWO-STEP TEST AND ARRHYTHMIAS—MASTER 


Two-Step Test: Incidence of Arrhythmias 


Patients with 
Doubtful Disease 


Patients with 
Functional Disease 





Patients with 
Organic Disease 
Total M F 
Cases analyzed 600 308 61 
Tracings analyzed 1145 676 108 
Cases with arrhythmia 170 118 13 
(28.3%) (38.3%) (21.1%) 
Tracings with arrhythmia 241 180 17 
(21.096) (26.6%) (16%) 


M F M F 
155 43 29 4 
237 52 59 13 
25 8 4 2 
(16%) (18%) (13.4%) (50%) 
28 8 6 2 
(11.8%) (15.4%) (10.2%) (15.4%) 





TABLE 1l 


Two-Step Test: Incidence of Arrhythmias in Relation to Number of Tests 


Patients with Organic Disease 


Patients with Functional Disease 


Patients with Doubtful Disease 











Total M F M F M F 
Tests (no.) 1145 676 | 108 237 52 59 13 
Preexercise 98 72 16 2 2 2 
(no. with arrhythmias) (8.6%) (10.7%) (3.7%) (6.7%) (3.8%) (3.4%) (15.4%) 
During and/or after exercise 143 105 13 16 3 3 3 
(no. with arrhythmias) (12.5%) (15.5%) (12.2%) (6.7%) (5.8%) (5.9%) (23%) 
TABLE Ill 
Arrhythmias in 143 Two-Step Tests During and/or After Exercise 
Patients with Patients with Patients with 


Organic Disease 


Functional Disease Doubtful Disease 





Total M 


No arrhythmias 143 105 


APCs (nonconsecutive) 

Atrial fibrillation 

WPW 

NPCs (nonconsecutive) 

NPCs & APCs 

NPCs (consecutive) 

VPCs (unifocal) 

VPCs (unifocal & APCs) 

VPCs (unifocal & NPCs) 

VPCs (multifocal) 

VPCs (multifocal & NPCs) 

VPCs (unifocal & bigeminy) 

VPCs (multifocal & APCs) 

VPCs (consecutive, unifocal) 

VPCs (consecutive, multifocal) 

LBBB, occasional NSR & VPCs (consecutive, 
multifocal with bigeminy) 

A-V block (complete) 

A-V block (incomplete) 

A-V block (incomplete with NPCs) 

A-V block (incomplete with VPCs) 


~ 


LS Hn o FE o PO hO9 OQ) COO «oO P9 eNe 


rPrwr 





APCs = atrial premature contractions; A-V = atrioventricular; LBBB = left bundle branch block; NPCs = nodal premature contrac- 
tions; NSR = normal sinus rhythm; VPCs = ventricular premature contractions; WPW = Wolff-Parkinson-White syndrome. 
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FIGURE 1. A 68 year old man with old transmural infarction, 
angina pectoris and hypertensive cardiovascular disease. The 
Signal complaints were transient dizziness and giddiness. The 
control tracing (top row) disclosed an abnormal yet stable elec- 
trocardiogram but no arrhythmia. Tracings during exercise 
(second row to end of figure) revealed premature ventricular con- 
tractions beginning at the seventh trip; they were multiform in 
character. Postexercise records disclosed no arrhythmias. Treat- 
ment with quinidine eliminated the premature ventricular contrac- 
tions and completely relieved the patient's symptoms. 
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FIGURE 2. An 82 year old man with angina pectoris, occasional 
transient dizzy spells and postural instability. The resting elec- 
trocardiogram was within normal limits. In the tracing during 
exercise, occasional premature ventricular contractions ap- 
peared. However, in the "immediate" postexercise tracings (top 
row), in which the heart rate is rapid, there were many prema- 
ture ventricular contractions. In lead Vg two consecutive multi- 
form premature ventricular contractions are seen. With the ad- 
ministration of quinidine and, later, procainamide, both the ar- 
rhythmias and symptoms vanished. Previous treatment with Di- 
lantin? had not been successful. 
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FIGURE 3. A 50 year old man with old severe myocardial in- 
farction, angina pectoris and episodes of "weak spells" only 
when playing golf. This man was a champion golfer. The resting 
electrocardiogram (upper two rows) discloses no dysrhythmias. 
The last six rows represent the postexercise tracings and dem- 
onstrate dramatic monophasic RS-T segment depressions and 
partial heart block with dropped beats in the "immediate" trac- 
ings of leads V2 to Ve. Again, the arrhythmias appeared in the 
"immediate" postexercise tracing when the heart rate is most 
rapid. The patient died on the golf course as he completed his 
first swing. He had been advised to take nitroglycerin before- 
hand but he was too embarrassed to do this before his large 
and admiring audience. 
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FIGURE 4: A 100 year old healthy man complained of unsteadi- 
ness on slightest exertion. An occasional ventricular premature 
contraction was disclosed in both the control electrocardiogram 
and the tracings during exercise, but the arrhythmias were by 
far most frequent in the postexercise tracings. The premature 
ventricular contractions, not the patient's age, caused the un- 
steadiness. Administration of quinidine abolished both the pre- 
mature ventricular contractions and the unsteadiness. 
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FIGURE 5 (above). A 65 year old man with angina 
pectoris and palpitation only on exertion. The rest- 
ing and monitored two-step tracings were normal 
and disclosed no cardiac irregularity. However, the 
“immediate” postexercise tracing elicited a short 
paroxysm of atrial fibrillation (seen in leads |, II, 
I!!! and V4) when the heart rate was most rapid. On 
avoidance of severe exertion the palpitation disap- 
peared; no medication was necessary. 


FIGURE 6 (right). A 67 year old man with previous 
transmural infarction and angina pectoris. The pa- = 
tient had never been aware of premature contrac- 
tions, either in the "silent" phase of coronary 
artery disease or when angina was present. No 
arrhythmia was observed in the control or the post- 1 3 
exercise tracing. In the tracing during exercise, 
however, premature ventricular contractions, often ` 
bigeminy, were evident. These premature beats 
were controlled by administration of procainamide. 


than the number of patients studied. Again, the data 
indicate that an arrhythmia is most likely to be 
found in men; and to a lesser degree in women, with 
organic heart disease. 

. Table III lists the type of arrhythmias observed 
during or after exercise, or both, among the various 
clinical subgroups. The unifocal ventricular prema- 
ture contraction comprised more than half of the 
total number of rhythm disorders observed. The 
great majority of ventricular premature contractions 
of all types and combinations, including atrioven- 
tricular (A-V) block with dropped beats, were seen 
in patients with organic heart disease. Complete 
A-V block occurred only in patients with organic 
heart disease. Atrial premature beats were observed 


in patients with and without organic heart disease. A. 


more serious type of arrhythmia, that is, either a 2:1 
A-V block or ventricular premature contractions 
(unifocal, consecutive, multifocal or multiform) oc- 
curred only rarely in patients without organic heart 
disease. 

The effects of exercise on existing arrhythmias— 
those already present on the preexercise (control or 
resting) electrocardiogram (Table IV)—were also 
studied. The arrhythmias detected on the control or 
resting electrocardiogram of men with organic heart 
disease showed no predictable response to exercise 
but were unchanged in the majority of cases. This 
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finding is of interest since it has often been stated 
that arrhythmias are aggravated by exercise in pa- 
tients with organic heart disease, whereas they are 
apt to disappear with exercise in patients with func- 
tional disorders. 

The tracings in Figures 1 to 8 are from representa- 
tive cases. 


Discussion 


In 1942 Master et al.! first reported the appear- 
ance of arrhythmias in patients performing the two- 


TABLE IV 


Effect of Two-Step Exercise Test on Preexercise 
Arrhythmias in 98 Cases 


Patients with Patients with Patients with 
Organic Functional Doubtful 


Response a f Disease Disease Disease 
Arrhythmia E aes z 3 


to Exercise Total M F M F M F 





Abolished 17 8 6 ids 1 2 
Less frequent 7 5 dr 1 1 

More frequent 21 14 3 2 1 1 
Altered 5 4 A 1 

Unchanged 48 41 1 6 
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FIGURE 7. A 75 year old man with old transmural 
infarction, enlarged heart and angina pectoris. The 
latter disappeared after the infarction and has not 
recurred for 7 years. The resting electrocardiogram 
(top two rows) disclosed no arrhythmias and only 
in the postexercise electrocardiogram (last three 
rows) did both ventricular and atrial premature 
contractions appear, together with ischemic eleva- 
tions and depressions of the S-T segment. Avoid- 
ance of caffeinated crinks plus administration of 
quinidine abolished the arrhythmias. The patient 
later became intolerant to quinidine and use of a 
potassium preparation became necessary. He re- 
mained entirely free from rhythm disorders. 


FIGURE 8. A 62 year old man with angina pectoris. 
He was unaware of any cardiac irregularities. No 
arrhythmia was present in the resting electrocardio- 
gram but it appeared in the tracing during exer- 
cise with an actual salvo of three consecutive ven- 
tricular premature systcles in the 25th trip. In the 
"immediate" postexercise record premature ven- 
tricular contractions with bigeminy became appar- 
ent. The patient avoided strenuous exertion, and 
the irregularities disappeared. No medication was 
necessary. 


step exercise test. Subsequent reports from this in- 
stitution have frequently commented on this,?-5 em- 
phasizing that the two-step test elicits arrhythmias 
not observed on physical examination and frequently 
not present in the resting electrocardiogram. We 
have found that arrhythmias are often observed only 
during exercise, but more often, only in the postexer- 
cise tracings. : 

The 600 patients of this study manifested every 
type of transient arrhythmia, including atrial, nodal 
and ventricular premature contractions, and every 
type of paroxysmal tachycardia except sustained 
ventricular tachycardia and A-V block. All tracings 
that showed arrhythmias considered to stem from 
significant disease of the coronary arteries also re- 
vealed, without exception, “ischemic” depressions of 
the S-T segment; both findings are indicative of a 
positive two-step test. In the 3 year follow-up period, 
31 of our patients died. Arrhythmias of the more se- 
rious type occurred far more frequently in these pa- 
tients than in survivors. 

In general, severe significant arrhythmias ap- 
peared on the tracings obtained during exercise and 
even more frequently “immediately” thereafter, 
when the heart rate is most rapid. It was formerly 
thought that arrhythmias appeared somewhat later 
in the postexercise period, when the heart rate is 
slower. 

We did not observe sustained ventricular tachy- 
cardia in any patient in our present series. However, 
in previous studies, transient salvos of four to 
six consecutive unifocal or multiform ventricular 
premature contractions have been observed, but only 
in patients who had organic disease and only in 
men. 

In our patients tachycardia and A-V block were 
transient and usually were apparent only on the 
monitored tracing obtained during exercise or imme- 
diately after exercise. A-V block was observed only 
in patients who had experienced it before. 


TWO-STEP TEST AND ARRHYTHMIAS—MASTER 


Treatment: It is widely thought that arrhythmias 
may lead to sudden death in patients with coronary 
artery disease.9-13 Thus, we consider it advisable 
that every means possible be taken to abolish the ar- 
rhythmias with use of antiarrhythmic agents to pre- 
vent progression to ventricular tachycardia or fibril- 
lation and death. 

Clinicians have long appreciated the association 
between anxiety and arrhythmias, tachycardias and 
such complaints as forceful pounding of the heart. 
'This fact was recently reemphasized by Bishop and 
Reichert.14 Tranquilizers are often helpful to pa- 
tients with these disturbances. During a bout of 
tachycardia, regular or irregular, we advise the pa- 
tient to lie down and rest, and to take two tablets of 
the tranquilizer prescribed at once and then one 
every hour thereafter for 2 or 3 hours. 

In our patients we advise vigorous measures to 
prevent premature ventricular beats. We eliminate 
all caffeine-containing drinks from the diet as well as 
any drugs that may precipitate or enhance the ar- 
rhythmias. We also forbid the use of tobacco and, 
often, alcohol. Coffee, tea, Coca Cola$, low calorie 
diet drinks and many other soft drinks contain caf- 
feine and therefore should not be used. Decaffeinated 
coffee should be substituted. Since it is often neces- 
sary to administer thiazides, we supplement these 
agents with potassium preparations. 

Cooperation of the patient is important. It is our 
custom to train patients with cardiac arrhythmias to 
determine whether their pulse rate is regular or ir- 
regular, rapid or slow. We explain that sometimes 
light pressure makes the pulse more apparent and 
sometimes stronger. By checking his pulse and 
rhythm after taking the prescribed medication, the 
patient can inform us whether use of the drug is con- 
trolling the irregularity, preventing the tachycardia 
or abolishing the slow heart rate. In this way the pa- 
tient often learns to vary the dose of quinidine, pro- 
cainamide or other agents by himself. 
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The hemodynamic response to administration of amyl nitrite was 
studied in 27 patients with coronary artery disease and 6 normal 
subjects. Amyl nitrite given to 15 patients with coronary artery dis- 
ease during sinus rhythm resulted in abrupt decreases in brachial 
arterial pressure (from 124/72 + 9/4 [mean + standard error of the 
mean] to 92/50 + 5/3 mm Hg) and in left ventricular end-diastolic 
pressure (from 13 + 2 to 7 + 1 mm Hg). Pulmonary arterial mean 
pressure was reduced from 15 + 1 to 12 + 1 mm Hg. Increases 
occurred in heart rate (from 83 + 4 to 109 = 5 beats/min), in car- 
diac index (from 2.7 + 0.2 to 4.0 + 0.4 liters/min per m?) and in 
maximal rate of rise of left ventricular pressure (dP/dt) (from 1,229 
+ 56 to 1,461 + 105 mm Hg/sec). Right ventricular pressure and 
tension-time index showed no significant change. Similar changes 
occurred in the normal subjects. In 12 patients known to experience 
angina during right atrial pacing, amyl nitrite given 3 minutes before 
pacing did not prevent angina but did reduce monitored pressures. 
When administered during pacing-induced angina, amyl nitrite re- 
lieved chest pain in 4 of 12 patients and resulted in hemodynamic 
changes similar to those observed during sinus rhythm. Inhalation of 
amyl nitrite produced a rise in coronary sinus PO» from 22 + 1 to 32 
+ 4 mm Hg at 30 seconds with a return to control values at 3 min- 
utes. 

The observed hemodynamic response to amyl nitrite would have 
differing effects on the balance of myocardial oxygen supply and re- 
quirements; these variations may explain the unpredictable thera- 
peutic results of use of this agent. 


Although amyl nitrite was introduced more than 100 years ago by 
Brunton! for relief of angina pectoris it is presently used principally 
as an aid in the differential diagnosis of heart murmurs. This drug, 
which served as the prototype of the nitrite and nitrate compounds 
used in the treatment of myocardial ischemia, was soon superceded 
by nitroglycerin as the therapeutic agent of choice. Recently, how- 
ever, it has been suggested that amyl nitrite can be used in diag- 
nostic stress testing for coronary artery disease by monitoring its ef- 
fects on systolic time intervals,? third and fourth heart sounds? or 
the S- T segment of the electrocardiogram.* This paradoxic use of a 
drug both to relieve and to precipitate ischemia demands an ex- 
planation. Although some information is available on the hemody- 
namic effects of amyl nitrite in normal subjects?-? there is surpris- 
ingly little on its effects in patients with coronary artery disease. Left 
ventricular pressure has been studied after administration of amyl 
nitrite in patients with valvular heart disease? and idiopathic hyper- 
trophic subaortic stenosis,?:19 but similar data are not available in 
normal subjects or patients with coronary artery disease. 
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This study was undertaken to determine the 
hemodynamic effects of amyl nitrite on subjects 
with coronary artery disease during sinus rhythm 
and during pacing-induced angina in an attempt to 
elucidate the mechanism of action of amyl nitrite 
when used as a therapeutic agent or as a stress test in 
coronary artery disease. 


Methods 


Description of subject: These studies were under- 
taken either as part of the investigation of patients with 
' chest pain of uncertain cause or to assess the severity of 
coronary artery disease in patients being considered for re- 
vascularization procedures. Informed consent was ob- 
tained from each patient. Thirty-three patients, 28 male 
and 5 female, with an average age of 46 years (range 34 to 67 
years) were studied. None of the subjects had valvular 
disease, cardiomyopathy or heart failure at the time of 
study, nor had any received nitrites or nitrates during the 
previous 12 hours. Six patients with no angiographic or 
hemodynamic abnormalities comprised the normal group. 
Twenty-seven subjects had significant coronary artery dis- 
ease defined as more than 75 percent stenosis of at least 
one major coronary artery and 11 of these had various de- 
grees of asynergy as revealed by left ventriculograms. 

Study 1—hemodynamic effects of amyl nitrite during 
sinus rhythm: In 21 subjects including the 6 normal 
subjects, the hemodynamic effects of amyl nitrite were 
determined during sinus rhythm. A cutdown procedure 
was performed in the right antecubital fossa isolating the 
brachial artery and an accompanying vein. A double 
lumen no. 9 Cournand catheter was positioned to record 
pressure from the pulmonary artery and right ventricle. A 
no. 8 Sones catheter was placed in the left ventricle by 
way of the right brachial artery and a Teflon? cannula 
was inserted percutaneously into the left brachial artery. 
Pressures were measured with use of P23dB Statham 
strain gauges and cardiac output measurements were 
made using the dye-dilution technique. Lead II of the 
electrocardiogram was monitored. Measurements were re- 
corded on an Electronics for Medicine DR-12 recorder. 
Control pressure measurements were obtained and then 
amyl nitrite was given by crushing a 0.3 ml capsule and 
holding it under the patient's nose for 60 seconds while 
the patient breathed normally. Pressures were recorded 
continuously for 5 minutes. After a 10 minute recovery 
period, cardiac output was determined and amyl nitrite 
was given a second time in an identical fashion followed 
by serial cardiac output measurements obtained 1, 2 and 
5 minutes after the beginning of inhalation. 

Study 2—hemodynamic effects of amyl nitrite during 
atrial pacing: In this study, in addition to the catheter- 
ization procedures described, a no. 8 Gorlin catheter was 
placed in the coronary sinus which permitted pacing and 
blood sampling. In seven of these patients a no. 8 Goodale 
Lubin catheter rather than a double lumen Cournand 
catheter was placed in the pulmonary artery and thus 
right ventricular pressure measurements were not ob- 
tained in these subjects. A standard protocol was used for 
the pacing studies. Cardiac output was determined and 
pressures were recorded. These procedures were followed 
by a 7 minute period of pacing with interruption of pacing 
for 15 second intervals at 1, 3 and 4.5 minutes of pacing. 
Cardiac output was determined from the 5th to 7th 


utes of pacing. Sixteen patients with coronary arte disa LE, LE: nr 


ease underwent atrial pacing, and the 12 who exp 
angina during pacing were selected for study 2. 


After the first 7 minutes of pacing (first pacing period) 
there was a 10 minute recovery period. Amyl nitrite was 
then given, and at the 3rd minute atrial pacing was begun 
at the same rate (second pacing period). By the 7th min- 
ute of pacing all subjects were again experiencing angina 
despite the prophylactic administration of amyl nitrite. 
At the 7th minute of the second pacing period, amyl ni- 
trite was given once more and pacing continued until the 
10th minute. Coronary sinus samples were obtained for 
determination of PO? immediately after each cardiac out- 
put measurement and 1 and 3 minutes after the beginning 
of each period of administration of amyl nitrite. In six 
subjects coronary sinus samples were also taken 30 sec- 
onds after the start of the first amyl nitrite inhalation. 

Calculations: Maximal rate of rise of left ventricular sys- 
tolic pressure (dP/dt) was obtained using an Electronics 
for Medicine SGM differentiating pressure amplifier. 


‘Objections have recently been raised to the use of a fluid- 


filled catheter and external transducer for determination 
of left ventricular dP/dt. However, an in vivo comparison 
of a transducer-tipped catheter system with standard 
methods!! revealed close correlation between the results 
of both techniques up to left ventricular dP/dt values of 
2,500 mm Hg/sec at heart rates of 75 to 150 beats/min. A 
modified tension-time index in millimeters of mercury X 
10-! was calculated as the product of brachial arterial 
systolic pressure in millimeters of mercury and heart rate 
in beats per minute. This modification is based on the 
fact that peak left ventricular systolic pressure is a more 
important determinant of myocardial oxygen consumption 
than the total area under the left ventricular systolic pres- 
sure curve.!? Student's paired t test was used for all sta- 
tistical comparisons. 


Results 


Effects of amyl nitrite during sinus rhythm: 
The hemodynamic changes observed after adminis- 
tration of amyl nitrite are summarized in Table I. In 
subjects with coronary artery disease, amyl nitrite 
produced insignificant changes in right ventricular 
systolic pressure and right ventricular end-diastolic 
pressure whereas pulmonary arterial mean pressure 
was reduced from 15 + 1 (mean + standard error of 
the mean) to 12 + 1 mm Hg 1.5 minutes after ad- 
ministration of amyl nitrite (P <0.001). Brachial ar- 
terial pressure was reduced from 124/72 + 9/4 to 
92/50 + 5/3 mm Hg (P <0.001) and left ventricular 
end-diastolic pressure from 13 + 2 to 7 + 1 mm Hg 
(P <0.001) 0.5 minutes after administration. Heart 
rate rose from 83 + 4 to 109 + 5 beats/min (P 
<0.001), cardiac index from 2.7 + 0.2 to 4.0 + 0.4 
liters/min per m? (P <0.001) 1 minute after adminis- 
tration, stroke index from 36 + 3 to 41 + 3 ml/beats 
per m? (P «0.001) 1.5 minutes and left ventricular 
dP/dt from 1,229 + 56 to 1,461 + 105 mm Hg/sec (P 
<0.02) 5 minutes after administration. There was no 
significant change in tension-time index. With the 
exception of stroke index, these variables returned to 
control values by 5 minutes after drug administration. 
Similar changes occurred in the normal subjects al- 
though, because of the smaller number in the group, 
fewer of the changes were statistically signifi- 
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TABLE | 
Hemodynamic Effects of Amyl Nitrite Inhalation During Sinus Rhythm (means + standard error of the mean) 





Minutes After Start of Amyl Nitrite Inhalation 





Control E 0.5 ; 1 1.5 2 3 5 P value* 





A. 6 Normal Subjects 





HR 82 +8 105 EN 119+ 12 110 = 13 104+ 12 931-9 84 3- 7 «0.005 








RVSP 212-1 223-1 224-1 192-1 203-1 193-1 183-1 NS 
RVEDP 62-2 53-1 542 53-1 5+1 5+1 5+1 NS 
PA mean 142-1 1523-1 1424-1 1341 1421 142-1 142-1 NS 
BAP Ml, % 7 106 , 10 125 14 128 | 10 134 | 9 128 | 10 «0.01 
7» 6 61 il 56 7 65 8 n 6 76 5 H5 «0.01 
LVEDP 93-2 6+1 442 542 6+2 8+1 8+1 <0.025 
dP/dt 1539-179 1697+241 1951+225 2172+306 2146+341 19/4--395 1656+302 <0.02 
TTI 1187 + 218 992--114 1270+ 169 1418+223 1357--203 1274+19% 1097+164 NS 
Ci 2.62- 0.3 asa 4.2= 0.5 4j 2.70.3 ay 2.90.5 NS 


SI 342 ems 39+ 4 e Sac 2 dos 3622 NS 





B. 15 Patients with Coronary Artery Disease 


HR B4 96 + 8 109+ 5 100+ 5 91-E 5 88 + 4 832-4 «0.001 








RVSP 2523-1 24+ 2 24+ 2 2342 23+1 24+ 2 2341 NS 
RVEDP 5+1 5+1 7+3 541 5+1 5+1 54-1 NS 
PA mean 1521 1441 1341 1241 1221 1341 142-1 «0.001 
BAP 124 9 9 5 100 8 17,7 27 129.7 128 5 <0.001 
24 50° 3 52 4 65 4 68 4 2b. 3 S -3 «0.001 
LVEDP 1342 744 33i 94-1 102-1 122 1122 «0.001 
dP/dt 1229+ 56 12294115 14544111 14614105 1375495 1296 + 73 1209 + 55 «0.02 
TTI 1081 + 60 951 =+ 64 1078 = 87 1151+ 66 1141+ 72 1128 + 64 1046 + 68 NS 
CI 2.73- 0.2 ah 4.0+0.4 = 3.340.4 we 3.2+0.3 <0.001 
S| 3643 vs 40+ 3 ne 39+ 4 ia 412-3 «0.001 


* Calculated at time of maximal change from control. 

BAP = brachial arterial pressure (mm Hg); Cl = cardiac index (liters/min per m?); dP/dt = maximal rate of rise of left ventricular 
pressure (mm Hg/sec); HR — heart rate (beats/min); LVEDP — left ventricular end-diastolic pressure (mm Hg); NS — not significant; 
PA mean = mean pulmonary arterial pressure (mm Hg); RVEDP = right ventricular end-diastolic pressure (mm Hg); RVSP = right 
ventricular systolic pressure (mm Hg); SI = stroke index (ml/beat per m?); TTI = tension-time index ({mm Hg X 10-!]/min). 


(2 mm) and in 6 of the 15 patients with coronary ar- toris and attributed to reversible cardiac failure, 
tery disease (1 to 1.5 mm). have been reported previously from this laboratory.13 
Response to atrial pacing before and after ad- As shown in Table II during the second pacing pe- 
ministration of amyl nitrite: Table II summarizes riod there were consistently lower values for right 
the hemodynamic changes observed during the first ventricular systolic pressure, pulmonary arterial 
pacing period. The mean pacing rate was 142 beats/ mean pressure, right ventricular end-diastolic pres- 
min (range 132 to 150). Left ventricular end-diastolic sure and left ventricular end-diastolic pressure than 
pressure values fell from 11 + 1 mm Hg during sinus during the first pacing period, although only left 
rhythm to 6 + 1 mm Hg at 1 minute of pacing with ventricular end-diastolic pressure was significantly 
a progressive rise to 10 + 2 mm Hg by the 7th min- different at 4.5 minutes (P «0.05 during pacing and 
ute of pacing. On interruption of pacing at 7 minutes «0.005 at interruption). Values for brachial arterial 
left ventricular end-diastolic pressure increased pressure, left ventricular dP/dt, tension-time index 
transiently to 22 + 3 mm Hg (P «0.005). Pulmonary and cardiac index were similar to those obtained 
arterial mean pressure, left ventricular dP/dt, bra- during the first pacing period. There was no consis- 
chial arterial diastolic pressure and tension-time tent effect of amyl nitrite on the time of onset of an- 
index all rose significantly during the first pacing pe- gina during the second pacing period; the pain was 
riod; right ventricular end-diastolic pressure and delayed in three patients, occurred earlier in six and 
brachial arterial systolic pressure were unchanged. was unchanged in three. 
Right ventricular systolic pressure increased, but Effects of amyl nitrite given during pacing-in- 
this change was not statistically significant. Five duced angina: Table III summarizes the hemody- 
minutes after the start of pacing, cardiac index was namic response to amyl nitrite given during pacing- 
unchanged whereas stroke index fell significantly. induced angina. Changes in right ventricular systolic 
These responses, typical of subjects with angina pec- pressure, right ventricular end-diastolic pressure, 
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Hemodynamic Response to Atrial Pacing in 12 Subjects (means + standard error of the mean) 





Minutes After Start of Pacing 























Control 1(P) 3(P) 4.5 (P) 4.5 (I) 5(P) 7 (P) 7 (I) P value* 
A. Before Amyl Nitrite Administration (Pacing Period 1) 

RVSP 244-1 24+ 2 26+ 2 29+ 2 30+ 2 34+ 4 36+ 3 NS 
RVEDP 7-51 See d 6x1 6+2 8+2 8-1 9+1 NS 
PA mean +1 2122 23+ 3 24+ 3 20+ 3 Pon 27+ 3 23+ 3 <0.005 
BAP 151 x 8 134 2: 7 143 TE 9 145 t. 10 145 E 15 151 x 1 156 a 10 NS 

79 . 4 89 4 94 5 9 6 B5. 55 yv 98 6 84 5 «0.01 
LVEDP HT 6+1 1:52 842 19+ 2 10+ 2 22+ 3 <0.005 
dP/dt 1206 + 91 1453 + 93 1419-211] 1451+ 104 1155+ 78 1461+ 110 1174+ 77 <0.01 
TTI 1155 + 74 1968+ 133 20334138 20774157 1209+ 105 2166+ 176 1276+216 <0.001 
Cl 3.0+0.1 3.0+0.1 bei Qi NS 
SI 41+ 3 22+1 <0.001 

B. 3 Minutes After Amy! Nitrite Administration (Pacing Period 2) 

RVSP 24+ 3 23+3 25+ 2 Phi 3 26+ 2 NS 
RVEDP TE 4431 642 Sind LEF NS 
PA mean 15 cet 18+1 20+ 2 20+ 2 16+ 1 <0.005 
BAP TAG 97 VES aE 13 8 140 8 147 9 «0.02 

— + - —-- Dor — x — + - 

81-74 8777:5 91. 5 94 6 83 4 «0.025 
LVEDP 101 5T 5E Gee 14+ 2 de mue dx «0.001 
dP/dt 1267 + 65 1395-- 104 1410+ 84 1423+ 10 1221+ 86 A. Vl 3 NS 
TTI 1231 + 75 1860 + 97 1927+ 109 1974+ 111 1188+ 92 Ld “ioe A. «0.001 
CI 3.02- 0.1 AN Ep NS 
SI 2231 «0.001 


AE SEI REDGORAEC : em s. ous): eode ELO AI PON a ALS PRA SE 2E ae a aed ee visu (8T Goa T wig OUS NRI Ee i a CO WM EL 1 
* Comparison of control values with values at 7 (P) (A) and 4.5 (P) (B), except for left ventricular end-diastolic pressure in which 


control values are compared with values at 7 (1) (A) and 4.5 (I) (B). 


(I) = immediately after interruption of pacing; (P) = during pacing. Other abbreviations as in Table I. 


TABLE Ill 


Hemodynamic Effects of Amyl Nitrite Inhalation During Pacing-Induced Angina in 12 Subjects 


(means -- standard error of the mean) 





Minutes After Amyl Nitrite Inhalation 








Control 0.5 (P) 1(P) 2 (P) 3(P) 3 (Il) P value* 
E ee Fae ESRB AOU EDE SNS ATS | S9 RS Re we sn MD pe NUR 0T UFU Rea SE] se UP AE MR MC See 
RVSP 29+ 4 26+ 3 2341 2323: 1 a1 25+ 2 NS 
RVEDP 6+2 3E 42:2 61 BZ 9+1 <0.025 
PA mean 23+ 3 21+ 2 19+1 19+2 212-2 172 NS 
BAP 157 d 12 FES a 112 i 10 143 11 151: 12 158 13 <0.001 
97 7 6 4 69 7 91 6 97 7 85 5 <0.001 
LVEDP 8+2 4+1 4+1 5-1 6+2 16+ 2 <0.01 
dP/dt 1423 + 103 1483 + 115 1495 + 101 1516 + 110 1570+ 114 1172 + 99 NS 
TTI 2224 + 169 1592 + 100 1578 + 135 1922 + 129 2129 + 172 1309 + 144 «0.001 
Angina 12 11 10 8 9 9 
(no. of 
subjects) 


ne 


* Calculated at time of maximal change trom control. 
Abbreviations as in Tables | and II. 


pulmonary arterial mean pressure, brachial arterial 
pressure and left ventricular end-diastolic pressure 
were similar to those following amyl nitrite given 
during sinus rhythm. In contrast to the response 
during sinus rhythm tension-time index fell signifi- 
cantly from 2,224 + 169 to 1,578 + 135 mm Hg/sec 


x 10-1 (P <0.01) as a result of the reduction in bra- 
chial arterial pressure and the fixed heart rate. Angi- 
na was relieved in 4 of the 12 subjects given amyl 
nitrite during pacing; S-T depression lessened in 1 
and was unchanged in 3. In the remaining eight 
subjects who had no alleviation of angina, S-T seg- 
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TABLE IV 


Effects of Amyl Nitrite on Coronary Sinus PO, 
in 12 Subjects with Coronary Artery Disease 
(means + standard error of the mean) 


PO: 

Time (mm Hg) P value* 
Control 19+1 Ts 
First pacing period WEL NS 
Post AN; (0.5 min) 32+ At <0.005 
Post AN; (1 min) 233-1 «0.001 
Post AN; (3 min) 1921 NS 
Second pacing period 191 NS 
Post AN» (1 min) 223-1 «0.05 
Post AN; (3 min) 18+1 NS 


* P value comparing PO, with control. 

+ Only 6 subjects. 

AN; = amyl nitrite exposure during sinus rhythm; AN; 
amyl nitrite exposure during second pacing period; PO; 
partial pressure of oxygen. ; 


ment depression was unchanged in three, lessened in 
two and increased in three. 

Changes in coronary sinus PO» after adminis- 
tration of amyl nitrite in coronary artery disease: 
'The first pacing period did not induce a significant 
change in coronary sinus partial pressure of oxygen 
(PO2) (Table IV). In six subjects PO was deter- 
mined 30 seconds after amyl nitrite administration 
during sinus rhythm, and in this group there was an 
increase from a control value of 22 + 1 to 32 + 4 mm 
Hg (P «0.005). In the 12 subjects given amyl nitrite 
during sinus rhythm coronary sinus PO; increased 
from 19 € 1 to 23 + 1 mm Hg (P «0.001) 1 minute 
after the start of pacing and returned to control 
values by 3 minutes. When administered during pac- 
ing, amyl nitrite resulted in an increase in coronary 
sinus PO% from 19 + 1 to 22 + 1 mm Hg (P «0.05) 
at 1 minute; this value returned to 18 + 1 mm Hg at 
3 minutes. 

In the one patient with a coronary sinus sample 
obtained 30 seconds after amyl nitrite administration 
during the second pacing period, coronary sinus PO2 
increased from 21 to 28 mm Hg at 30 seconds and was 
reduced to 23 and 22 mm Hg at 1 and 3 minutes, re- 
spectively. 


Discussion 
Hemodynamic Changes 


These studies have demonstrated that the action 
of amyl nitrite is rapid, evanescent and complex and 
that the drug has similar hemodynamic effects in 
normal subjects and patients with coronary artery 
disease. The striking changes in heart rate, brachial 
arterial pressure and cardiac index are similar to 
those previously reported in normal subjects.9.9 Beck 
et al. noted little change in right heart pressure 
after administration of amyl nitrite, whereas Perloff 
et al.* found a slight increase in pulmonary arterial 
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pressure. However, our studies revealed a small de- 
crease in right heart pressure in both groups. Previ- 
ous investigations! of the mechanism of action of 
amyl nitrite have demonstrated that the increase in 
cardiac output can be explained by reflex tachycar- 
dia and increased venous return due to venoconstric- 
tion in response to the abrupt reduction in systemic 
pressure. ; 

There are no published data on changes in left 
ventricular pressure in man after administration of 
amyl nitrite. However, Müller!? reported a decrease 
in pulmonary arterial wedge pressure when this drug 
was administered during exercise. Despite the in- 
crease in cardiac output with increased venous re- 
turn to the left ventricle, we have shown a fall in left 
ventricular end-diastolic pressure after administra- 
tion of amyl nitrite during sinus rhythm or pacing- 
induced angina. If one assumes that amyl nitrite 
does not alter left ventricular compliance, the change 
in filling pressures must reflect a reduced left ven- 
tricular volume and be related to the decrease in aft- 
erload and increase in heart rate. 


Effects on Angina 


With these hemodynamic changes in mind, one 
can examine the mechanism of action of amy] nitrite 
in the relief of angina pectoris. Amyl nitrite regularly 
reduces coronary perfusion pressure, but recent in- 
vestigations using the Doppler technique have shown 
that it increases the velocity of left coronary arterial 
flow in man,!® thereby indicating a reduction in cor- 
onary vascular resistance. This observation is sup- 
ported by our findings and those of Santilli and 
Kemp!* of an increase in coronary sinus PO2 and 
oxygen saturation after administration of amyl ni- 
trite which suggests an increase in coronary blood 
flow. This increased coronary sinus PO» could also 
be due to redistribution of coronary blood flow or to 
decreased myocardial oxygen requirements. 

The determinants of myocardial oxygen require- 
ments have recently been reviewed,!? and the effects 
of nitrites on these factors have also been exam- 
ined.19 The alterations induced by amy] nitrite have 
unpredictable effects on the balance of myocardial 
oxygen requirements and oxygen supply. The reduc- 
tion in systemic pressure and left ventricular volume 
would lead to a decrease in left ventricular wall ten- 
sion which would decrease myocardial oxygen re- 
quirements. However, this increase would be coun- 
tered by the increase in heart rate and contractility 
related to the baroreceptor-induced sympathetic dis- 
charge. In light of the actions of amyl nitrite on the 
factors determining myocardial oxygen requirements 
and coronary blood flow the various degrees of suc- 
cess in relieving angina in this study are not surpris- 
ing. 


Amyl Nitrite as a Stress Test in 
Coronary Artery Disease 


Third and fourth heart sounds: Amy] nitrite ad- 
ministration has been advocated as a stress test to 
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detect coronary artery disease.2-*:2° The hemody- 
namic alterations induced by amyl nitrite observed 
in our study may be used to analyze the mechanism 
of action of amyl nitrite in this setting. Sawayama 
and associates? have reported that this drug in- 
creased the amplitude of recorded third and fourth 
heart sounds in patients with coronary artery disease 
but not in patients with hypertension or normal 
subjects. They explained the different responses by 
suggesting that the increased cardiac output resulted 
in left atrial hypertension because of impaired left 
ventricular function. Our studies have shown a uni- 
form reduction in left ventricular end-diastolic pres- 
sure, and thus by inference in left atrial pressure, in 
subjects with coronary artery disease, many with 
asynergy as revealed by left ventriculograms. Thus, 
our findings do not support their proposed mecha- 
nism.? More rapid left ventricular diastolic filling 
after administration of amyl nitrite and decreased 
left ventricular compliance may account for the in- 
creased third and fourth heart sounds in their group 
with coronary artery disease. 

Systolic time intervals: The effect of amyl nitrite 
on systolic time intervals has been advanced by 
Sawayama et al.? as a means of distinguishing pa- 
tients with coronary artery disease from normal 
subjects. Their subjects with coronary artery disease 
were reported to have a shortened ejection time and 
no change in ejection time index, preejection period, 
preejection period index, or ejection time/preejection 
period, whereas their normal subjects showed a sig- 
nificant rise in ejection time index and ejection time 
/preejection period, a fall in preejection period and 
preejection period index and no change in ejection 
time. The changes in their normal group were the 
changes expected with a decrease in afterload or an 
increase in stroke volume. Since their normal 
subjects and patients with coronary artery disease 
showed similar decreases in brachial arterial pressure 


(that is, afterload) after administration of amyl ni- 
trite, Sawayama et al. attributed the differences in 
the two groups to a lack of increase in stroke volume 
in the patients with coronary artery disease after ni- 
trite administration, although they made no mea- 
surements of stroke volume. Our studies do not sup- 
port their explanation since we found only small in- 
creases in stroke volume in both groups, the rise in 
cardiac output being due mainly to augmented ve- 
nous return and an accelerated heart rate. The dif- 
ference in systolic time intervals may be a reflection 
of decreased left ventricular contractility in the pa- 
tients with coronary artery disease. 

S-T segment changes: Paradoxical S-T segment 
depression after amyl nitrite was first reported in 
1952.29 A more recent investigation* has correlated 
S-T changes after amyl nitrite administration with 
treadmill testing and coronary angiography. Of 28 
subjects with positive treadmill tests 11 had a simi- 
lar response to amyl nitrite. Eight of these 11 
subjects were shown to have coronary artery disease 
by angiography, one had aortic stenosis, one had sys- 
temic lupus erythematosus and another angina with 
normal coronary arteries. When amyl nitrite was 
given during sinus rhythm to our subjects, 6 of 15 
with coronary artery disease and 2 of the 6 normal 
subjects manifested S-T segment depression of 1 
mm or more. Although the number of normal sub- 
jects in our group is small, it would appear that the 
use of amyl nitrite as a stress test to detect coro- 
nary artery disease by measuring induced S-T de- 
pression has the same pitfalls as exercise testing.?! 
The amy! nitrite-induced S-T segment depression in 
the patients with coronary artery disease may be re- 
lated to myocardial ischemia resulting from the 
tachycardia and increased myocardial contractility 
that follow exposure to this drug. However, the 
mechanism of the false positive responses is un- 
known. 
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With use of simultaneously recorded echocardiograms and phono- 
cardiograms the relation of the first heart sound to mitral valve clo- 
sure was studied in 34 normal subjects. Only those cardiac cycles 
that showed unbroken anterior leaflet echos with clearly defined ini- 
tial points of systolic coaptation with the posterior leaflet (C points) 
were measured. The intervals analyzed were the Q-C interval (Q 
wave of the electrocardiogram to C point) and the Q- S1 interval (Q 
wave to first high frequency or "mitral" component of the first heart 
sound). 

The mean value for the Q-C interval was 44.2 msec + 2.4 (stan- 
dard error of the mean), and the mean value for the Q-S1 interval 
was 63.2 msec + 1.8. The paired t test showed these values to be 
significantly different (P «0.001). The Q-C and Q-S1 intervals had a 
significant inverse correlation with the preceding P-R interval (Q-C: 
r = —0.61, P «0.01; Q-S1: r = —0.36, P «0.05) but not with heart 
rate. The mean value for the C-S1 interval (mitral valve closure to 
the first high frequency component of the first heart sound) was 19.0 
msec. 

This study shows that in human subjects the mitral component of 
the first heart sound is not coincident with the initial coaptation of 
the mitral valve leaflets; some later event or events are responsible 
for generation of the first heart sound. 


It is still widely taught that successive closure of the mitral and tri- 
cuspid valves is responsible for producing the high frequency compo- 
nents of the first heart sound.! However, recent experiments in 
dogs?:3 indicate that mitral valve closure precedes the first high fre- 
quency or “mitral” component of this sound by more than 20 msec. 

Echocardiography now allows virtually instantaneous delineation 
of many intracardiac events, particularly the motion of the mitral 
valve apparatus.* Combining this technique with simultaneous pho- 
nocardiography and high speed photographic recording we have 
studied the relation of mitral valve closure and the first heart sound. 
Our results in 34 normal adults show that the “mitral” component of 
this sound occurred significantly later than closure of the mitral 
valve. 


Materials and Methods 


The study was carried out in normal resting supine subjects in the post- 
absorptive state. A four channel simultaneous recording (Electronics for 
Medicine DR-12 multichannel recorder) composed of an electrocardiogram, 
two phonocardiograms (Electronics for Medicine, model EEP) and an 
echocardiogram (SKI Inc., Palo Alto, Calif., Ekoline 20 diagnostic ultrason- 
oscope) was obtained in each subject. Records were made at a paper speed 
of 100 mm /sec with time lines at 20 msec intervals. 

Phonocardiograms were recorded concomitantly from the base (pulmonic 
area) and apex over a frequency range of 40 to 500 Hz. The echocardiograph- 


November 1973 The American Journal of CARDIOLOGY Volume 32 779 


? 


MITRAL VALVE AND FIRST HEART SOUND—PARISI AND MILTON 


$ $2 oc 


Phono (base) i 
-— eed er MMÓ ne ew Áo —À i 


Phono (apex) 











d | i 


"um i 


. , Phono (base) . 1^ i : r 52 


! i! 






4 iJ * + 








780 November 1973 The American Journal of CARDIOLOGY Volume 32 





FIGURE 1. Simultaneously re- 
corded phonocardiograms and 
echocardiogram in a patient 
with a Starr-Edwards mitral 
valve prosthesis. Contact with 
the anterior cage and the initial 
components of the opening 
click (OC) are simultaneous. 


FIGURE 2. Simultaneous pho- 
nocardiograms, echocardiogram 
and electrocardiogram from a 
normal subject. The Q-C inter- 
val extends from the Q wave in 
the electrocardiogram, to the 
closure (C) point of the mitral 
valve. The Q-S1 interval extends 
to the first high frequency com- 
ponent of the first heart sound. 
C-S1 = [Q-S1] - [Q-C]. 


ic transducer (UCG transducer, model C-12, SKI Inc.) 
was placed along the left sternal border and directed pos- 
teriorly to define the typical motion of the anterior and 
posterior leaflets of the mitral valve. The theoretical tem- 
poral dispersion between the components of this system is 
less than 1 msec. To verify that ultrasound and audible 
sound from a single physical event were simultaneously 
represented, recordings were made from three patients 
who had a Starr-Edwards mitral valve prosthesis. In all 
instances no time delay could be detected between the 
initial point of contact of the ball with the cage and the 
“opening click" of the prosthesis (Fig. 1). 

Only those cardiac cycles that showed unbroken anteri- 
or leaflet echos with clearly defined initial points of sys- 
tolic coaptation with the posterior leaflet (C point) were 
used. At least five cycles were measured and averaged for 
each subject. The intervals measured were the Q-C inter- 
val (Q wave of the electrocardiogram to C point) and the 
Q-S1 interval (Q wave to the first high frequency compo- 
nent of the first heart sound) (Fig. 2). 

Since the duration of the Q-C and Q-S1 intervals may 
vary with heart rate and atrioventricular conduction, the 
data were also analyzed in relation to heart rate and the 
P-R interval. In addition, separation between the anterior 
and posterior mitral leaflets was measured at the onset of 
the QRS complex. Statistical analyses were performed in 
accordance with standard formulas using a programmed 
Hewlett-Packard 9810 calculator.9 


Results 


The 34 normal subjects studied comprised 28 
men and 6 women from 16 to 44 years of age. The 
mean value for the Q-C interval was 44.2 msec + 2.4 
(standard error of the mean) and for the Q-S1 inter- 
val was 63.2 + 1.8 (Fig. 3). The paired t test showed 
these values to be significantly different (P «0.001). 
The derived value for the C-S1 interval (mitral clo- 
sure to the first high frequency component of the 
first heart sound) was 19.0 msec. i 

Analysis of these data for correlation between the 
Q-C and Q-S1 intervals and the P-R interval and 
heart rate is shown in Table I. The Q-C and Q-S1 
intervals did not vary with heart rate. However, both 
of these intervals showed an inverse relation with the 
P-R interval. The closest correlation (r = 0.8) oc- 
curred between the Q-C and Q-S1 intervals. The in- 
fluence of the P-R interval on mitral leaflet separa- 
tion at onset of electrical systole is shown in Figure 
4. Here again there is a significant inverse relation (r 
= —0.64, P <0.01). Subjects with the shortest P-R 
intervals had widely divergent leaflets at the onset of 
the electrocardiographic QRS complex; those with 
the longest P-R intervals had less leaflet separation. 


Discussion 


The present data are consistent with the observa- 
tions of Luisada et al.2.3 on the relation of mitral 
valve closure and the first heart sound in the dog. 
With use of micromanometers placed in the left atri- 
um and the left ventricle, the first high frequency 
component of the first heart sound was recorded at 
an average of 23 msec after mitral valve closure as 
identified by the point of crossover between the left 
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FIGURE 3. Duration of Q-C (@), Q-S1 (B) and C-S1 (@) in- 
tervals in the 34 normal subjects studied. The vertical axis rep- 
resents the interval duration in milliseconds. Crossed bars indi- 
cate mean + standard error of the mean. 


TABLE | 


Correlation Coefficients Relating Heart Rate, 
P-R, Q-C and Q-S1 Intervals 





Interval 
Q-C Q-S1 
Heart rate 0.07 —0.13 
P-R interval —0.61* —0.36+ 
Q-C interval mate 0.80* 


Values of correlation coefficient (r) relating any two variables 
are shown in the site common to a specific column and row. 

* P«0.01. 

t P «0.05. 
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MITRAL LEAFLET SEPARATION (MM) 
FIGURE 4. The relation of the P-R interval to mitral leaflet sep- 
aration at the onset of electrical systole. The P-R interval is on 
the vertical axis and values for mitral leaflet separation are on 
the horizontal axis. 
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atrial and left ventricular pressure pulses. Our data 
indicate that their observations pertain to normal 
human subjects. 

Our values for the Q-S1 interval substantially 
agree with the observations of others on this subin- 
terval of the preejection period. Thus, the Q-SI in- 
terval ranged from 41 to 79 msec, comparable to the 
30 to 70 msec usually quoted for this interval.9 The 
Q-S1 and Q-C intervals did not vary with heart 
rate. Other observers have reported that the Q-S1 
interval shows little dependence on heart rate.7:® 

The inverse relation of the P-R interval with the 
Q-C and Q-S1 intervals relates to the position of the 
mitral valve leaflets at the onset of ventricular sys- 
tole. Thus, in subjects with a long P-R interval the 
mitral leaflets were closer together at the onset of 
ventricular systole than they were in subjects with a 
short P-R interval. The longer Q-C interval in the 
latter group reflects the distance that must be tra- 
versed by the anterior and posterior leaflets of the 
mitral valve when there is a short P-R interval. 
Shah et al.? have made analogous observations in 
patients with complete heart block who did not have 
heart failure. In their patients the Q-C interval be- 
came progressively longer when the interval from the 
P wave to the succeeding QRS complex shortened 
from 0.20 to 0.10 second. The high degree of correla- 
tion between the Q-C and Q-S1 intervals indicates 
that the first heart sound is temporally related to 
mitral valve closure. Although these events are 
temporally related, they occur in sequence since 


mitral valve closure preceded the first high frequency 
or mitral component of the first heart sound in each 
of the 34 subjects studied (Fig. 3). 

Other factors, assumed not to be present in our 
study of healthy subjects, can influence the timing of 
mitral valve closure. Thus, persons with free acute 
aortic regurgitation will have premature closure of 
the mitral valve related to the rapid increase in left 
ventricular end-diastolic pressure in this condition.19 
In our subjects end-diastolic pressures were probably 
normal, occurring over a rather narrow range. The 
suggestion that the timing of mitral closure may re- 
flect end-diastolic pressure in the left ventricle has 
already been made by Feigenbaum et al.,!1 who also 
corrected their observations for the timing of atrial 
systole. 

Conduction defects can potentially influence the 
timing of mitral closure, that is, the Q-C interval. 
Haft et al.!? have reported that in left bundle branch 
block the preejection period is prolonged primarily 
because of an increased electromechanical delay. 
None of the subjects included in our study had a 
QRS complex of greater than 0.10 second. The influ- 
ence of left bundle branch block on the Q-C interval 
is currently under investigation in our laboratory. 


Acknowledgment 


We express our appreciation to Miss Georgette Frank 
for her skilled technical assistance and to Mrs. Janet 
Bayer, Mrs. Ida Mae Ulrich and Miss Linda Davis for sec- 
retarial aid in preparing the manuscript. 


References 


1. Harrison TR: Principles of Internal Medicine, sixth edition. 
New York, McGraw-Hill. 1970, p 1107 

2. Luisada AA, MacCannon DM, Coleman B, et al: New studies 
on the first heart sound. Am J Cardiol 28:140—149, 1971 

3. DiBartolo G, Nunez-Dey D, Muiesan G, et al: Hemodynamic 
correlates of the first heart sound. Am J Physiol 201:888- 
892, 1961 4 

4. Feigenbaum H: Echocardiography. Philadelphia, Lea & Fe- 
biger, 1972 

5. Snedecor GW: Statistical Methods Applied to Experiments in 
Agriculture and Biology, fifth edition. Ames, lowa, lowa 
State College, 1956 

6. Tavel ME: Clinical Phonocardiology and External Pulse Re- 
cording, second edition. Chicago, Yearbook Medical Pub- 
lishers, 1972, p 66 

7. Tavel ME, Feigenbaum H, Campbell RW: A study of the Q-1 


782 November 1973 The American Journal of CARDIOLOGY 


interval in atrial fibrillation with and without mitral stenosis. 
Circulation 31:429—435, 1965 

8. Diamant B, Killip T: Indirect assessment of left ventricular 
performance in acute myocardial infarction. Circulation 
42:579-592, 1972 

9. Shah PM, Kramer DH, Gramiak R: Influence of the timing of 
atrial systole on mitral valve closure and on the first heart 
sound in man. Am J Cardiol 26:231-237, 1970 

10. Pridie RB, Behem R, Oakley CM: Echocardiography of the 
mitral valve in aortic valve disease. Br Heart J 33:296, 
1971 

11. Konecke LL, Feigenbaum H, Chang S, et al: Echocardi- 
ographic assessment of left ventricular diastolic pressure. 
Ann Intern Med 76:865, 1972 

12. Haft Jl, Herman MV, Gorlin R: Left bundle branch block. 
Circulation 43:279-287, 1971 


Volume 32 


Bundle Branch Block with Intact Atrioventricular Conduction 


Electrophysiologic and Pathologic Correlations in Three Cases 


KENNETH M. ROSEN, MD, FACC 

SHAHBUDIN H. RAHIMTOOLA, MB, 
FRCP, FACC 

SAROJA BHARATI, MD 

MAURICE LEV, MD, FACC 


Chicago, Illinois 


From the Department of Adult Cardiology 
and the Congenital Heart Disease Research 
and Training Center, Hektoen Institute for 
Medical Research, Cook County Hospital, 
and the Cardiology Section, Department of 
Medicine, Abraham Lincoln School of Medi- 
cine, University of Illinois College of Medi- 
cine, Chicago, Ill. This study was supported 
in part by Contract NIH 71-2478 (Myocardial 
Infarction Program), Grant HE-07605 from 
the National Heart and Lung Institute, Na- 
tional Institutes of Health, Bethesda, Md. 
and by Grant 72 680 from the American 
Heart Association. Manuscript accepted 
June 11, 1973. 

Address for reprints: Kenneth M. Rosen, 
MD, Cardiology Section, University of Illinois 
Hospital, P.O. Box 6998, Chicago, Ill. 
60680. 


Serial sections of the conduction system were examined in three pa- 
tients with bundle branch block. Cases 1 and 2 had right bundle 
branch block with electrical axes of —110° and —120°, respectively, 
whereas Case 3 had left bundle branch block. The findings in Case 1 
were: P-A interval 40 msec (normal 27 + 18, mean + 2 standard 
deviations), A-H interval 115 msec (normal 92 + 38), H-V interval 
77 msec (normal 43 + 12), and duration of His potential 34 msec 
(normal 15 to 20). Atrial and atrioventricular (A-V) nodal refractory 
periods were prolonged. In Case 2, the P-A interval was 20 msec, 
A-H interval 215 msec and H-V interval 70 msec. In Cases 1 and 2, 
type | block occurred proximal to the His bundle at a low paced rate 
of 100/min. Case 3 had atrial flutter, 4:1 block proximal to the His 
bundle and a normal H-V interval of 55 msec. 

Conduction lesions were graded according to severity (1-- mini- 
mal, 2+ moderate, 3+ marked and 4+ severe). All cases had 3 to 
4+ sinoatrial nodal and atrial lesions, 2+ A-V nodal lesions and 3 to 
4+ lesions of the left bundle. The right bundle had 3 to 4+ lesions in 
Cases 1 and 2, but only 1+ lesions in Case 3. The His bundle had 
3+ lesions in Case 1, and 1+ lesions in Cases 2 and 3. 

In summary: (1) The P-A interval was normal despite extensive 
atrial disease. (2) A prolonged A-H interval suggested A-V nodal in- 
volvement whereas a normal A-H interval did not exclude such in- 
volvement. (3) Atrial pacing and measurement of the refractory peri- 
od improved detection of atrial and A-V nodal disease. (4) A pro- 
longed duration of the His potential suggested extensive His bundle 
involvement. (5) Bundle branch block with a prolonged H-V interval 
suggested extensive bilateral bundle branch disease. 


Recording of His bundle electrograms combined with electrical stim- 
ulation of the heart provides a sophisticated means of evaluating the 
conduction system in man.!-* Measurement of conduction intervals 
and determination of refractory periods may demonstrate conduction 
disease not apparent on the surface electrocardiogram. 

There is little information available on the pathologic counterparts 
of conduction disease diagnosed by electrophysiologic studies. Five 
patients whose findings have been reported from our laboratories 
have had both electrophysiologic studies and subsequent examina- 
tion of serial sections of the conduction system.9.9 Two of these five 
patients had atrial standstill. Analysis of conduction intervals in 
these two cases suggested that the H-V interval was normal with a 
lesion in the penetrating portion of the His bundle and prolonged 
with a lesion in the branching portion.® Studies in three patients 
with atrioventricular (A-V) block suggested that block distal to the 
His bundle reflected marked disruption of both bundle branches and 
that normal P-H intervals correlated with insignificant A-V nodal 
abnormality.® 
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sinus rhythm, right bundle branch block and an axis of —90°. B, 
second admission. Note atrial fibrillation, slow ventricular re- 
sponse with a shift in axis to —110^. 


_ In this report, we describe three patients with in- 

tact A-V conduction and bundle branch block who 
had electrophysiologic studies and subsequent de- 
tailed histologic examination of the conduction sys- 
tem. Electrophysiologic studies suggested conduction 
disease at multiple sites, and the presence of these ab- 
normalities was confirmed histologically by serial 
section. Our findings support the value of electro- 
physiologic studies in the diagnosis of conduction 
disease in man. 


Materials and Methods 


His bundle electrograms were recorded with a tripolar 
catheter passed percutaneously from a femoral vein.* Re- 
cordings were obtained on a multichannel oscilloscopic 
photographic recorder at paper speeds of 100 and 200 
mm/sec. The P-A interval was measured from the onset 
of the P wave to the first rapid deflection of the atrial 
electrogram.? The A-H interval was measured from the 
first rapid deflection of the atrial electrogram to the first 
high frequency component of the His bundle electrogram. 
The H-V interval was measured from the first high fre- 
quency component of the His bundle electrogram to the 
earliest QRS deflection recorded on the surface electrocar- 
diogram. The normal values (in milliseconds) for our lab- 
oratory? are as follows (mean + 2 standard deviations): 
P-A interval 27 + 18, A-H interval 92 + 38 and H-V in- 
terval 43 + 12. The normal duration of the H potential as 
reported by Narula et al.? is 15 to 20 msec. 

Atrial pacing was performed using a second electrode 
catheter placed against the lateral wall of the right atri- 
um, close to the sinus node. The normal response to pac- 
ing at increased rates is an increase in the A-H interval 
with development of type I second degree block proximal 
to the H potential at paced rates at 120/min or more.® 
Refractory periods were measured using an atrial extra- 
stimulus supplied after every 8th to 10th sinus beat as de- 
scribed by Wit et al.? The atrial effective refractory period 
was defined as the longest interval between the last spon- 
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taneous sinus impulse (A1) and the extrastimulus (S2) not 
conducted to the atrium.. A-V nodal effective refractory 
period was defined as the longest A;—Ag interval not pro- 
pagated to the His bundle. A-V nodal functional refracto- 
ry period was the shortest achievable H4,-H» interval pro- 
pagated from the atrium. The normal refractory periods in 
milliseconds for our laboratory in patients with sinus 
rhythm are as follows!®: Atrial effective refractory period 
200 to 300, A-V nodal effective refractory period 250 to 
350, and A-V nodal functional refractory period 350 to 
500. 

The method of histologic study of the heart was as fol- 
lows: The sinoatrial (S-A) and A-V nodes and their ap- 
proaches, the A-V bundle and bundle branches up 
through the level of the moderator band, and the roofs of 
both atria were serially sectioned, and every 10th section 
was retained. The remainder of the heart was cut into 
blocks, and two sections were taken from each block. Al- 
ternate sections were stained with hematoxylin-eosin and 
Weigert-van Gieson stains. In this manner, 1,208 sections 
were studied in Case 1l, and 1,276 and 854 sections in 
Cases 2 and 3, respectively. Results of serial section were 
evaluated in the light of previous studies in a group of pa- 
tients of similar ages without apparent conduction dis- 
ease.!! In both Cases 1 and 3, additional sections were 
stained with methyl violet for metachromasia and with 
Congo red and tested for green birefringence with a polar- 
izing microscope, to detect amyloid. 


Report of Cases 
Case 1 


Clinical summary: The patient was an 83 year old man 
first admitted to Cook County Hospital on February 17, 
1970 with mild congestive heart failure. There was a his- 
tory of hypertension without other cardiovascular com- 
plaints. He responded to medical management and was 
then followed up in the clinic through August 1971. His 
second and terminal admission was on September 1, 1971 
after a cerebrovascular accident. He remained in coma 
until he died on September 7. 

Analysis of electrocardiograms: The admission elec- 
trocardiogram obtained on February 17, 1970 (Fig. 1A) re- 
vealed sinus rhythm with a P-R interval of 0.20 second. 
The QRS duration was 0.16 second and there was a right 
bundle branch block pattern. Mean frontal axis was —90°, 
and there were Q waves in leads V; and V2. Subsequent 
electrocardiograms on the first admission and in clinic re- 
vealed atrial fibrillation with ventricular rates of 60 to 
90/min without change in QRS duration. 

Electrocardiograms during the second admission re- 
vealed atrial fibrillation with a ventricular rate between 
50 and 60/min (Fig. 1B). Right bundle branch block pat- 
tern was still present; the axis had shifted to —110°. 

Electrophysiologic studies: Electrophysiologic studies 
were performed the day after the first admission (Fig. 2, A 
and B). The patient had sinus rhythm at a rate of 60/min. 
The P-A and A-H intervals were normal (40 and 115 
msec, respectively). The His bundle potential was wide 
(34 msec) and H-V interval was prolonged (77 msec). 

Conduction was stressed with atrial pacing. Conduction 
time between the atria! pacing stimulus (high right atri- 
um) and the atrial electrogram (S-A) was prolonged? (80 
msec, Fig. 2B). Other atrial pacing sites were not ex- 
plored. A-H intervals prolonged with increasing rates as 
expected. Wenckebach periods proximal to the H poten- 
tial were noted at a paced rate of 100/min, and 2:1 block 


Volume 32 


BUNDLE BRANCH BLOCK—ROSEN ET AL. 


A.NSR 60/min 





FIGURE 2. Case 1. Conduction intervals. 
Lead V4 and two His bundle electro- 
grams. P wave is labeled P, atrial electro- 
gram A, His electrogram H and ventricular 
electrogram V. Paper speed is 200 mm/ 
sec and time lines are at 1 second on this 
and all subsequent recordings. A, record- 
ings obtained during sinus rhythm (NSR). 
Note the normal P-A and A-H intervals 
and prolonged H-V interval and H poten- 
tial duration. B, atrial pacing (AP) at 90/ 
min. Note the long interval between the 
pacing stimulus (S) and the atrial elec- 
trogram (A). The increase in the A-H in- 
terval is expected with an increase in 
rate. 





FIGURE 3. Case 1. Measurement of refractory 
periods. The beat on the left is a spontaneous 
sinus beat, whereas the beat on the right is the 
coupled beat. P4, A; and V, are the P wave and 
atrial, His bundle and ventricular electrograms 
of the sinus beat. A2, H2 and V2 are the elec- 
trograms of the coupled beat. Arrows indicate 
pacing stimulus(S). A, coupling interval between 
P, and pacing stimulus (P1-S) of 650 msec. 
Note the expected prolongation of the coupled 
A2+H2 intervals. B, coupling interval (P;-S) of 
450 msec. This shows the shortest H1-H» inter- 
val achievable with coupled pacing (650 msec), 
and is the functional refractory period of the 
A-V node. C, coupling interval (P;-S) of 400 
msec. The A-V nodal effective refractory period 
(450 msec) is the longest A;-A» interval not 
conducted to the His bundle. D, coupling inter- 
val (Pi-S) of 350 msec. This shows the atrial 
effective refractory period. 
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proximal to the H potential was noted at a rate of 120/ 
min. Both A-V nodal effective and functional refractory 
periods were prolonged, measuring 450 msec and 650 
msec, respectively (Fig. 3, A to C). Atrial effective refrac- 
tory period was also prolonged, measuring 350 msec (Fig. 
3D). 

In summary, the following abnormalities of conduction 
were noted: (1) Depressed intraatrial conduction as mani- 
fested by a long S-A time with atrial pacing and a pro- 
longed atrial effective refractory period. Intraatrial con- 
duction disease was further suggested by development of 
persistant atrial fibrillation. (2) Depressed A-V nodal con- 
duction as manifest by prolonged A-V nodal effective and 
functional refractory periods and by the development of 
type I block proximal to the H potential at a low paced 


FIGURE 4. Case 1. A, amyloid infiltration 
of the approaches to the S-A node with 
arteriosclerosis. B, fibrosis of the A-V 
node. Arrows point to the node. (Wiegert- 
van Gieson X 100 (A) and 45 (B), re- 
duced by 49 percent.) 


rate. (3) Depressed conduction in the His bundle as sug- 
gested by a prolonged H potential. (4) Significant bilater- 
al bundle branch disease, as manifested by right bundle 
branch block, superior axis and prolonged H-V interval. 


Autopsy Findings 


Gross examination of the heart: The heart was en- 
larged, weighing 790 g. All chambers were hypertrophied. 
The coronary vessels showed slight atherosclerosis, but no 
significant narrowing. 

Microscopic examination of the conduction system: 
S-A node and S-A and A-V nodal approaches: These were 
markedly replaced by hyalinized material and eosinophilic 
masses (Fig. 4A). Arteriolosclerosis was marked. 

A-V node: There was moderate fibrosis (Fig. 4B). 





FIGURE 5. Case 1. A, fibrosis of the penetrating portion of the bundle of His. Arrows point to the bundle. B, interruption of the junction 
of the branching portion of the His bundle (B) with the left bundle branch (LBB) by fibrosis and calcification of the summit of the ven- 
tricular septum. Arrows point to interruption. C, fibrosis of junction of first and second portions of right bundle branch. Arrows point to 


right bundle branch. (Weigert-van Gieson X 45, reduced by 50 percent.) 
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A-V bundle (penetrating and branching portions): 
There was marked fibrosis (Fig. 5A). 

Left bundle branch: The main bundle at the junction 
with the A-V bundle was cut off by fibroelastic tissue 
(Fig. 5B). More anteriorly this was severe but not as 
marked. The peripheral portions of the left bundle branch 
system both anteriorly and posteriorly showed marked in- 
volvement by hyalin and eosinophilic masses, as well as 
moderate fibrosis of the anterior radiations. 

Right bundle branch: The first portion showed consid- 
erable hyalinization and eosinophilic masses with moder- 
ate to marked fibrosis. The second and third parts showed 
marked hyalinization with fibrosis (Fig. 5C). 

Microscopic examination of the heart: Both the atrial 
and ventricular myocardium showed considerable replace- 
ment with hyalinized material and eosinophilic masses. 
Amyloid stains of this material were positive. There was 
marked calcification of the mitral annulus, the central fi- 
brous body and the summit of the ventricular septum. 

In summary, this was a case of sclerosis of the left side 
of the cardiac skeleton, combined with primary cardiac 
amyloidosis and cardiac arteriolosclerosis. 


Case 2 


Clinical summary: The patient was a 72 year old man 
first admitted to Cook County Hospital on December 6, 
1968 with congestive heart failure. He had a history of hy- 
pertension but no angina. The patient responded to medi- 
cal management and was then followed up in the cardiac 
clinic. 

He was readmitted on December 13, 1970 with a 3 week 
history of increasing dyspnea. Four days later he experi- 
enced crushing chest pain and shock. A diagnosis of acute 
myocardial infarction was made, and coronary and left 
ventricular angiograms were performed. There was three 
vessel disease with total occlusion of the left anterior de- 
scending coronary artery and marked dyssynergy of the 
anterior and lateral parts of the left ventricle. Saphenous 
vein bypass of the left anterior descending artery and 
infarctectomy were performed on the same day. Despite 
the operations, the patient’s condition deteriorated, and 
he died on December 19. 

Analysis of electrocardiograms: Electrocardiograms 
obtained during the first admission all revealed atrial 
tachycardia with an atrial rate of 230/min and various de- 
grees of A-V block (Fig. 6). This arrhythmia was present 
before and during digitalization. Two QRS configurations 
were noted: One with normal intraventricular conduction 
(Fig. 6B) and the other with a pattern of incomplete right 
bundle branch block (Fig. 6A). Mean frontal axis with the 
former pattern was —10° and with the latter pattern, 
—100*. Q waves suggestive of previous inferior infarction 
were noted with both QRS configurations. 

Electrocardiograms obtained in the clinic in March and 
October 1969 revealed sinus rhythm and first degree A-V 
block. Intraventricular conduction was normal in March, 
and a pattern of right bundle branch block was noted in 
October. 

Electrocardiograms obtained during the final admission 
showed first degree A-V block (P-R interval 0.36 second) 
and a pattern of complete right bundle branch block (Fig. 
7). The mean frontal axis was —120°. Significant Q waves 
were noted in leads II, III and aVF. Rhythm strips re- 
vealed frequent conducted and blocked atrial premature 
beats. Electrocardiograms obtained during and after the 
episode of chest pain revealed Q waves and S-T segment 
elevations suggestive of acute anterior wall infarction. 

Electrophysiologic studies: His bundle electrograms 
were recorded on December 16, 1970. Control recordings 
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FIGURE 6. Case 2. Electrocardiograms (first admission). 
atrial tachycardia with various degrees of block. Note Coe 
plete right bundle branch block pattern with an axis of —100°. 
B, atrial tachycardia with various degrees of block. Note normal 
intraventricular conduction and axis of —10°. 


revealed sinus rhythm at a rate of 87/min with occasional 
atrial premature contractions. The P-A interval was 20 
msec and normal. Both the A-H and H-V intervals were 
prolonged to 215 and 70 msec, respectively (Fig. 8). The H 
potential was 15 msec in duration. 

Atrial pacing at increased rates produced further pro- 
longation of the A-H interval. Wenckebach periods proxi- 
mal to the H potential were noted at a paced rate of 100/ 
min. Refractory periods were not measured. 

In summary, the following abnormalities of conduction 
were suggested: (1) Persistant atrial tachycardia with 
block during the first admission, and multiple atrial pre- 
mature beats during the terminal admission. (2) De- 





















































FIGURE 7. Case 2. Electrocardiograms (second admission). 
Note first degree A-V block (P-R interval 0.36 second) 
with right bundle branch block and an axis of —120°. Significant 
Q waves are present in leads II, III and aVF. The rhythm strip 
(lead V4) shows conducted and blocked atrial premature beats. 
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FIGURE 9. Case 2. Fibrosis, arteriolosclerosis and fatty infiltra- 
tion of the atria. (Weigert-van Gieson X 150, reduced by 27 
percent.) 


pressed A-V nodal conduction manifested by a prolonged 
A-H interval and development of Wenckebach periods 
proximal to the H potential at a low paced rate. (3) Sig- 
nificant bilateral bundle branch disease manifested by 
right bundle branch block, superior axis and a prolonged 
H-V interval. 


Autopsy Findings 


Gross examination of the heart: The heart was en- 
larged, weighing 700 g. There was marked coronary ath- 
erosclerosis with total occlusion of the left anterior de- 
scending artery and marked narrowing of both the right 
coronary and left circumflex arteries. There was a patent 
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FIGURE 8. Case 2. Conduction in- 
tervals. Note normal P-A with pro- 
longed A-H and H-V intervals. 
HBE - His bundle electrogram. 
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FIGURE 10. Case 3. Electrocardiogram. Note atrial flutter with 
4:1 block and left bundle branch block. 





saphenous vein bypass into the left anterior descending 
artery. Recent anterior, lateral and anteroseptal infarc- 
tions were present. 

Microscopic examination of the conduction system: 

S-A node: There were marked arteriolosclerosis with 
loss of cells and a slight infiltration of mononuclear cells. 

S-A nodal approaches: Marked fibrosis and arteriolo- 
sclerosis were present, with slight fatty infiltration and a 
slight infiltration of mononuclear cells. 

A-V nodal approaches: Fibrosis, fatty infiltration and 
arteriolosclerosis were moderate. 

A-V node: Moderate fibroelastosis and arteriolosclerosis 
were present. There was a slight infiltration of mononu- 
clear cells. 

A-V bundle, penetrating portion: There was fatty infil- 
tration with slight fibrosis and infiltration of mononuclear 
cells. 

A-V bundle, branching portion: There was moderate 
fatty infiltration. 
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FIGURE 11. Case 3. Conduction intervals. Note flutter waves (labeled F) with 4:1 block Seniai to the His bundle. The H-V interval is 


55 msec and normal. 


Right bundle branch: Marked fibrosis was present in 
the first part. The second part showed marked fibrosis 
with an acute infarct. The third part showed marked fatty 
infiltration with a moderate infiltration of mononuclear 
cells. 

Left bundle branch: The posterior part of the main left 
bundle was cut off from the branching bundle by fibro- 
elastic tissue. This extended to the bifurcation. Anterior 
to the bifurcation, the main left bundle and the anterior 
radiation showed fibroelastosis and loss of cells. More pe- 
ripherally, the fibers of the posterior radiation were atro- 
phied, with fatty infiltration and an infiltration of mono- 
nuclear cells. 

Microscopic examination of the heart: The atria 
showed marked fibrosis, fatty infiltration, and arteriolo- 
sclerosis (Fig 9). The right ventricle exhibited mild to 
moderate fibrosis. The left ventricle showed marked fibro- 
sis of the anterior and posterior walls with old and organ- 
izing infarction of the anterior wall, and recent and old 
infarction of the posterior wall. The summit of the ven- 
tricular septum showed marked fibrosis and moderate ar- 
teriolosclerosis. The anterior and distal parts of the ven- 
tricular septum showed recent and old infarction. 

In summary, this was a case of arteriosclerotic heart 
disease with cardiac arteriolosclerosis with fibrosis of the 
summit of the ventricular septum. 


Case 3 


Clinical summary: The patient was an 81 year old man 
first admitted to Cook County Hospital on August 16, 
1971 for congestive heart failure. There was a history of 
hypertension. Obstructive uropathy was diagnosed, and a 
transurethral resection was performed for carcinoma of 
the prostate in October. The patient was then transferred 
to a nursing home. 

He was readmitted on December 7 with rectal bleeding, 
dehydration and coma. The clinical course was complicat- 
ed by septicemia and septic shock, and he died on De- 
cember 15. 

Analysis of electrocardiograms: The electrocardio- 
grams on both admissions were similar, revealing atrial 
flutter with 4:1 block before and after digitalization. The 
QRS complexes all had a left bundle branch block pattern 
and a duration of 0.12 second (Fig. 10). 

Electrophysiologic studies: These studies were per- 
formed on August 31. Control recordings revealed atrial 


flutter with an atrial rate of 250/min (Fig. 11) and 4:1 
block proximal to the His bundle. The H-V interval was 
within normal limits (55 msec). The H potential was 20 
msec in duration. 

Atrial pacing was performed at rapid rates (200 to 600/ 
min) in an attempt to convert the flutter. The only effect 
noted was the development of short periods of atrial fibril- 
lation that quickly reverted to atrial flutter. 

In summary, the following abnormalities of conduction 
were noted: (1) Abnormal intraatrial conduction manifest- 
ed by chronic atrial flutter. (2) Possible depression of A-V 
nodal conduction manifested by 4:1 block proximal to the 
H potential with atrial flutter. (3) Abnormal intraventricu- 
lar conduction manifested by left bundle branch block. The 
normal H-V interval suggested absence of significant ad- 
ditional right bundle branch disease. 

Gross examination of the heart: The heart was en- 
larged, weighing 450 g, with hypertrophy and enlargement 
of the left atrium and ventricle. The coronary arteries 
showed moderate atherosclerosis without narrowing. 
There were vegetations on both the mitral and tricuspid 
valves. 

Microscopic examination of the conduction system: 
S-A node: There was marked arteriolosclerosis (Fig. 12A) 
with fibrosis of the tail. 

S-A nodal approaches: Marked vacuolar degeneration, 
with fibrosis and production of marked eosinophilic mass- 
es, arteriolosclerosis and fatty infiltration were present. 
There were also moderate focal necrosis of cells and slight 
hemorrhage. 

A-V nodal approaches: There was marked arterioloscle- 
rosis in the fat tissue around the node. The superior ap- 
proaches on the left side showed severe degenerative 
changes with the production of eosinophilic masses. Such 
masses were present at the base of the mitral valve. There 
was marked arteriolosclerosis of the approaches and 
fibroelastosis. 

A-V node: Moderate arteriolosclerosis and fibroelastosis 
were present. 

A-V bundle, penetrating: Slight arteriolosclerosis was 
present. 

A-V bundle, branching: There were slight elastosis and 
arteriolosclerosis. 

Left bundle branch: The main bundle was replaced by 
strands of fibroelastic tissue in its posterior part (Fig. 
12B). More anteriorly few strands of the left bundle 
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FIGURE 12. Case 3. A, arteriolosclerosis of the 





| 


S-A node 








Arrows point to the 





I 


-A node. B, Fibroelastic replacement of the beginning 






C Ba 


S 


of the main left bundle branch. B = bundle of His. Arrows point to the left bundle branch. (Weigert-van Gieson X 45, reduced by 29 


percent (A) and 26 percent (B) .) 


branch remained. More peripherally the fibers were intact 
and showed moderate fatty infiltration and fibrosis. The 
periphery of the posterior radiation showed atrophy of 
Purkinje cells. 

Right bundle branch: The first and second parts of the 
right bundle branch were large. Fibrosis was slight in the 
first part and somewhat greater in the second part. The 
third part showed slight infiltration of mononuclear cells, 
fatty infiltration and vacuolar degeneration. 

Microscopic examination of the heart: Both atria re- 
vealed vacuolar degeneration, fibrosis, arteriolosclerosis 
and degeneration of atrial muscle cells with conversion 
into eosinophilic masses. The ventricles showed moderate 
to marked fibrosis and arteriolosclerosis and moderate hy- 
alinization. The eosinophilic masses and hyalinized areas 
stained positively for amyloid. Several myocardial ab- 
scesses were noted as well as purulent involvement of the 
mitral and tricuspid valves. 

In summary, this was a case of cardiac arteriolosclerosis 
and cardiac amyloidosis, complicated by terminal bacteri- 
al endocarditis. 


Discussion 
Intraatrial Conduction 


All three patients had marked involvement of both 
the S-A node and its approaches and the atrial myo- 
cardium (Table I). In Cases 1 and 3, the major 
pathologic process was senile amyloidosis. In Case 2, 
the atria were involved with arteriolosclerosis, fibro- 


sis and fatty infiltration. Surface electrocardiograms 
in all three cases revealed evidence of atrial disease, 
the first patient having atrial fibrillation, the second 
having both atrial tachycardia and multiple atrial 
premature beats, and the third having persistent 
atrial flutter. Several previous reports have stressed 
the importance of S-A nodal abnormalities in pa- 
tients with chronic atrial fibrillation.1?.13 In our 
three cases, involvement of the S-A node or atrial 
myocardium or both, may be related to the chronic 
atrial dysrhythmias. Widespread atrial disease 
should predispose to multiple sites of reentry as well 
as to disordered automaticity, thus contributing to 
the development and perpetuation of atrial arrhyth- 
mia.14 

The P-A interval, a measure of conduction time 
from the high to the low right atrium, could be de- 
termined in Cases 1 and 2 and was normal in 
both.?:* Atrial stimulation in Case 1 suggested intra- 
atrial conduction disease manifested by a long con- 
duction time from the pacing stimulus to the low 
atrium and by a prolonged a:rial effective refractory 
period. These findings could have reflected the pres- 
ence of disease at the electrode-atrium interfaee or 
between the pacing site and low atrium, or both. The 
electrophysiologic abnormalities in Case 1 were dem- 
onstrated before the development of established atrial 
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TABLE | 


Correlation of Abnormalities of Intraatrial Conduction and 
Pathologic Lesions 


Case 1 Case 2 Case 3 
SA node +4 +3 +3 
SA nodal +4 +3 +4 
approaches 
Atria +4 +4 +4 
Conduction Normal P-A; long Normal P-A; atrial Chronic 
findings latency during tachycardia (1st flutter 


AP; prolonged admission); mul- 


atrial ERP; tiple APCs (2nd 
chronic atrial admission) 
fibrillation 


+1 = minimal; +2 = moderate; +3 = marked; and +4 = 
severe. 

AP = atrial pacing; APCs = atrial premature contractions; 
ERP = effective refractory period. 


fibrillation. In Case 2, pacing did not disclose evi- 
dence of abnormal intraatrial conduction. In Case 3, 
electrophysiologic evaluation of the atria was not 
performed because of persistent atrial flutter. How- 
ever, the failure of rapid pacing to convert flutter in 
this case may have reflected advanced atrial dis- 
ease. 15.16 

These three cases suggested the following limited 
conclusions on intraatrial conduction: (1) The sur- 
face electrocardiogram was a sensitive indicator of 
widespread atrial disease, since all three cases mani- 
fested chronic atrial arrhythmias. (2) P-A intervals, 
recorded during sinus rhythm in two cases, were nor- 
mal despite extensive intraatrial disease. (3) Electri- 
cal stimulation of the atria was useful in detecting 
intraatrial disease not apparent during control re- 
cordings in one case. 


A-V Nodal Conduction 


There were significant pathologic lesions involving 
the A-V node and A-V nodal approaches in all three 
patients (Table II). In Cases 1 and 3, the lesions 
were primarily those of senile amyloidosis with addi- 
tional fibrosis. In Case 2, the lesions were primarily 
those of fibrosis and arteriolosclerosis. 

A-V nodal conduction is evaluated in the cathe- 
terization laboratory by determination of the A-H 
interval, a measure of conduction time from the low 
atrium to the His bundle.2-4 The A-V node may be 
further stressed with atrial pacing. The normal re- 
sponse to pacing is an increase in the A-H interval 
and the development of Wenckebach periods proxi- 
mal to the His bundle at a paced rate of 120/min or 
faster.*.5 Development of Wenckebach periods proxi- 
mal to the His bundle at a rate lower than 120/min 
suggests A-V nodal dysfunction. A-V nodal function 
may also be measured by determining the duration 
of A-V nodal effective and functional refractory peri- 
ods.? 
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TABLE II 


Correlation of Abnormalities of A-V Nodal Conduction and 
Pathologic Lesions 


Case 1 Case 2 Case 3 
A-V nodal +4 +2 +4 
approaches 
A-V node +2 +2 +2 
Conduction Normal A-H; Prolonged A-H; 4:1 block 
findings prolonged A-V type 1 block proximal 
nodal ERPand  atlow paced to H during 
FRP; type 1 rate atrial flutter 
block at low 
paced rate 


Symbols as in Table l. 


TABLE Ill 


Correlation of Abnormalities of Intraventricular Conduction 
and Pathologic Lesions 


Case 1 Case 2 Case 3 
His bundle 
(penetrating) +3 +1 +1 
His bundle 
(branching) +3 +1 +1 
RBB +4 +3 +1 
Main LBB 
(posteriorly) +4 +4 +4 
Main LBB 
(anteriorly) +3 +3 +3 
Conduction RBBB; RBBB; LBBB; 
findings —110° axis; —120° axis; normal H-V; 
prolonged prolonged normal H 
H-V; pro- H-V; normal potential 
longed H H potential 
potential 





LBB = left bundle branch; LBBB = left bundle branch block; 
RBB = right bundle branch; RBBB = right bundle branch 
block. Other abbreviations as in Table |. 


Abnormalities of A-V nodal conduction were 
noted in the three cases studied (Table II). The first 
patient had a normal A-H interval, but Wenckebach 
periods developed at a low paced rate and the A-V 
nodal refractory periods were prolonged. The second 
patient had a prolonged A-H interval and also had 
Wenckebach periods at a low paced rate. The third 
patient had atrial flutter with 4:1 block proximal to 
the His bundle. The diagnosis of depressed A-V 
nodal conduction in this latter patient was tenuous, 
since 4:1 conduction during flutter could be a normal 
finding. 

The three cases suggest the following limited con- 
clusions on A-V nodal conduction: (1) A prolonged 
A-H interval suggests the presence of A- V nodal dis- 
ease. (2) A normal A-H interval does not exclude 
significant A-V nodal disease. (3) Atrial pacing and 
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measurement of A-V nodal refractory periods are 
useful in detecting A-V nodal disease in patients 
with normal or prolonged A-H intervals. 

Intraventricular conduction: All three patients 
had marked pathologic changes in the intraventricu- 
lar conduction system (Table III). In each case, the 
alterations primarily reflected involvement secon- 
dary to sclerosis of the left side of the cardiac skele- 
ton or fibrosis of the summit of the ventricular sep- 
tum due to other causes.17 In Case 1, there was also 
amyloid infiltration. The severity and distribution of 
lesions differed somewhat in the three cases. All 
three patients had marked involvement of the left 
bundle branch system with total disruption of the 
main left bundle posteriorly and marked changes an- 
teriorly. Peripheral involvement was noted in all pa- 
tients in both the anterior and posterior radiations. 
There was also marked involvement of the right bun- 
dle branch system in the first two patients. In the 
third patient, the right bundle branch was relatively 
spared. 

Evaluation of intraventricular conduction in the 
catheterization laboratory depends upon electrocar- 
diographic analysis as well as examination of the His 
bundle potential and H-V interval.1-4 Narula et al.3 
suggest that prolongation of the His bundle potential 
reflects conduction delay in the His bundle. The 
H-V interval in the presence of a bundle branch 
block reflects conduction time in the other bundle 
branch. It has been suggested that a prolonged H-V 
interval in a patient with bundle branch block re- 
flects bilateral bundle branch disease.1-5.18.19 If the 
conduction system is considered trifascicular,!8 then 
a prolonged H-V interval with bifascicular block 
suggests conduction delay in the remaining function- 
ing fascicle (incomplete trifascicular disease). 

Only one of the patients had a prolonged H poten- 
tial (Table III). This patient was also the only pa- 
tient with marked involvement of the His bundle on 
pathologic study. Thus, the correlation of a pro- 
longed His bundle deflection with the presence of de- 
layed conduction in :he His bundle is support- 
ed. 

In Cases 1 and 2, the QRS complexes had a right 
bundle branch block pattern with an axis of —110° in 
the former and —120? in the latter. Rosenbaum et 
al.2° state that the combination of right bundle 
branch block pattern with an axis of —60? to —120° 
is suggestive of right bundle branch block with left 


anterior hemiblock. Therefore, the combination of 
right bundle branch block, marked left axis devia- 
tion and H-V prolongation in Cases 1 and 2 suggest- 
ed trifascicular disease (complete right bundle 
branch block, complete left anterior hemiblock and 
incomplete left posterior hemiblock). The pathologic 
findings confirmed the presence of trifascicular dis- 
ease. 

The distribution of pathologic lesions suggested 
more marked disease in the left bundle branch pos- 
teriorly than anteriorly in Cases 1 and 2. Therefore, 
we would have expected the electrocardiograms to 
have shown right bundle branch block with left pos- 
terior hemiblock (right bundle branch block with an 
axis of +120°).2° There are several possible explana- 
tions for this discrepancy: (1) The criteria proposed 
by Rosenbaum et al. for diagnosis of right bundle 
branch block with additional left posterior hemi- 
block may be too rigid. It is possible that the ‘‘north- 
west" axis in our two cases reflected marked right 
axis deviation secondary to additional left posterior 
hemiblock. (2) Pathologic appearances may be de- 
ceiving and there may be intact conduction posteri- 
orly with no or slower conduction anteriorly. If this 
were the case, then the electrocardiographic changes 
would be appropriate. (3) Left posterior hemiblock 
may be present as well as right bundle branch block, 
but the typical axis may be obscured by the presence 
of additional myocardial disease. One could postu- 
late that amyloid in Case 1 and multiple areas of in- 
farction in Case 2 interfered with the development of 
the typical electrocardiographic pattern of right bun- 
dle branch block with left posterior hemiblock. 

There was good correlation of electrophysiologic 
and pathologic findings in Case 3. There was marked 
pathologic involvement of the left bundle branch, so 
that the electrocardiographic pattern of left bundle 
branch block was appropriate. The normal H-V in- 
terval suggested absence of significant right bundle 
branch disease, and this finding was confirmed on 
pathologic study. 

The three cases suggest the following conclusions 
on intraventricular conduction: (1) H-V prolonga- 
tion complicating bundle branch block suggests bi- 
lateral bundle branch disease. (2) Prolongation of 
the His bundle deflection suggests disease in the His 
bundle. (3) Bundle branch block with a normal H-V 
interval suggests absence of significant disease in the 
functioning bundle branch. 
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The effect of ventricular premature contractions on atrioventricular 
(A-V) conduction of the following sinus beat was studied in 25 pa- 
tients with use of His bundle electrography. Facilitation of A-V con- 
duction (shortening of the A-H interval) in the postextrasystolic beat 
was observed in 17 patients. This facilitation was believed to be due 
to a longer recovery period of the A-V node after its premature ret- 
rograde (and frequently concealed) depolarization by the ventricular 
premature contraction. Slowing of A-V conduction (prolongation of 
the A-H interval) after interpolated or repetitive ventricular prema- 
ture contractions occurred in five patients. In these instances, after 
retrograde depolarization by the ventricular premature contraction, 
the A-V node was still partially refractory and conduction of the post- 
extrasystolic beat was delayed. Retrograde P waves without reset- 
ting of the A-V node were documented; in these cases, the interval 
after the retrograde P wave was fully compensatory, suggesting ret- 
rograde and antegrade sinoatrial block. 


'The effect of extrasystoles on atrioventricular (A-V) conduction of 
subsequent normal beats has been called “concealed conduction" by 
Langendorf.? It has been postulated that retrograde concealed con- 
duction into the A-V node occurs when a ventricular premature con- 
traction immediately preceding a normal sinus P wave causes pro- 
longation of the P-R interval of the subsequent sinus beat.?~7 It has 
also been suggested that concealed conducticn into the A-V node 
from early ventricular premature contractions might lead to shorten- 
ing of the conduction time of a subsequent sinus beat;! however, no 
specific examples of this phenomenon in patients with normal sinus 
rhythm have been published. 

With the availability of His bundle electrography, the site of delay 
in conduction, whether at the A-V node or in the His-Purkinje sys- 
tem, can be determined and evidence for concealed conduction into 
the node can be demonstrated. In this paper, we present the effects 
of spontaneous ventricular premature contractions in 25 patients. 
Facilitation of A-V conduction after a ventricular premature con- 
traction was demonstrated in 17 patients and prolongation of A-V 
conduction in 5. His bundle electrograms during the ventricular pre- 
mature contractions showed that changes in conduction of subse- 
quent sinus beats occurred at the A-V nodal area and that retro- 
grade concealed conduction from a ventricular premature contrac- 
tion into the A-V node is a common occurrence. 


Material and Methods 


The His bundle electrograms of 150 patients were reviewed, and the rec- 
ords of 25 patients found to have spontaneous ventricular premature con- 
tractions during normal sinus rhythm were studied. The electrograms were 
recorded using a modification of the method of Damato et al., as previously 
described,® and all were verified by atrial pacing or premature atrial stimu- 
lation, or both. 
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TABLE | 


A-V Conduction Disturbances After Representative Ventricular Premature Contractions in 25 Patients (time in msec) 





A-H A-H 
Case ECG Type of Before After Change Effect on A-V 
no. Diagnosis* VPC P-P R-R! R-R PRI-P VPC H-V | VPC in A-H Conduction 
1 LBBB, LAD Single 950 600 1540 1850 130 A2 125 5 Facilitated 
2 1st AV, LBBB Single 920-960 440 1430 1900 110 65 90 20 Facilitated 
3 RBBB, LAD Single 700 450 950 1410 140 40 135 5 Facilitated 
4 1stAV, RBBB, RAD Single 700 480 970 1480 230 32 205 25 Facilitated 
5 Ist AV Single 830 600 1200 1810 270 35 250 20 Facilitated 
6  1stAV, RBBB, LAD Single 900 400 1380 1800 220 40 178 42 Facilitated 
7 RBBB, LAD Single 750 590 900 1490 60 30 56 4 Facilitated 
8 WNL Single 1040 510 1500 2060 100 45 97 3 Facilitated 
9 RBBB, LAD Single 1000 850 1150 1980 90 42 80 10 Facilitated 
10 LAD Single 990 580 1400 1990 105 60 100 5 Facilitated 
11 WNL Single 730 450 1040 1510 130 55 120 10 Facilitated 
12 RBBB, LAD Single 720 480 1200 1700 140 40 120 20 Facilitated 
13 WNL Single 1050 700 1450 2100 85 45 75 10 Facilitated 
14 WNL Single 530 310 830 1110 75 40 65 10 Facilitated 
15 LBBB Single 720 360 1080 1450 95 40 88 7 Facilitated 
16  1stAV Two 790 410 R1-R11430 1590 170 42 195 25 Prolonged 
Ru-R 780 
17 WNL Interpolated 795-860 380 570 840 82 42 150 68 Prolonged 
18 LAD Two 720 510 R1-R11320 1430 125 42 175 50 Prolonged 
R1-R 640 
Single 780 370 1220 1600 130 50 110 20 Facilitated 
19 RBBB, LAD Interpolated 720 330 520 860 130 50 350 220 Prolonged 
Single 820 410 1150 1620 140 65 132 8 Facilitated 
20 WNL Interpolated 870 420 620 940 140 65 240 100 Prolonged 
21 WNL Single 520 380 620 990 80 35 80 0 None 
22 WNL Single 710 500 920 1440 100 45 100 0 None 
23 WNL Single 720 390 1010 1380 140 40 140 0 None 
24 LBBB Single 640 500 760 1250 110 45 110 0 None 
25 RBBB Single 910 490 1320 1810 125 42 125 0 None 


Ist A-V = first degree A-V block; LAD = left axis deviation; LBBB = left bundle branch block; RAD = right axis deviation; RBBB 
— right bundle branch block; VPC — ventricular premature contraction; WNL — within normal limits. 


'The normal sinus beats before and after the ventricular 
premature contraction were analyzed, and the following 
measurements were made: 

P-P - interval between two consecutive sinus P waves 
as seen on the His bundle electrogram. 

PR1-P - interval between the two sinus P waves enclos- 
ing single or multiple ventricular premature contractions. 

R-R* - interval between the onset of the QRS complex 
of the preceding sinus beat and the onset of the ventricu- 
lar premature contraction. 

R1-R = interval between the onset of the ventricular 
premature contraction and the onset of the QRS complex 
of the following sinus beat. 

A-H = interval between initial atrial deflections and 
the first rapid deflection of the His spike as measured on 
the His bundle electrogram. 

H-V - interval between the His deflection and the 
onset of the QRS complex as measured on the His bundle 
electrogram. 

When present and easily discerned, the following inter- 
vals were also measured: 

P-P! = interval between the sinus P wave preceding 
the ventricular premature contraction and the P wave im- 
mediately following the ventricular premature contrac- 
tion. 


P1-P = interval between the P wave immediately fol- 
lowing the ventricular premature contraction and fol- 
lowing the sinus P wave. 

R1-R11 = interval between two consecutive ventricular 
premature contractions. 

Ru-R = interval between the onset of the second of two 
consecutive ventricular premature contractions and the 
onset of the QRS complex of the following sinus beats. 


Results 
Facilitated A-V Conduction 


Seventeen patients were found to have more rapid 
A-V conduction in the sinus beat immediately fol- 
lowing a ventricular premature contraction (Table 
D. In all instances the decreased conduction time 
was due to a shortened A-H time with the H-V in- 
terval kept constant. In 12 patients the A-H interval 
was shortened by more than 5 msec. Four of these 
patients also demonstrated retrograde P waves after 
the ventricular premature contraction. 


A typical example of facilitated conduction following a 
ventricular premature contraction is shown in Figure 1. 
Before the ventricular premature contraction, the sinus 
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FIGURE 1. His bundle electrogram demonstrating facilitation of A-V conduction after a ventricular premature contraction. Note the 
shortening of the A-H interval in the sinus beat after the ventricular premature contraction. 
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FIGURE 2. His bundle electrogram demonstrating facilitation of A-V conduction after a ventricular premature contraction that is con- 
ducted retrograde to the atrium. Note the retrograde A’ wave and the shortening of the A-H interval after the ventricular premature 
contraction. 





FIGURE 3. His bundle electrogram demonstrating delayed conduction after an interpolated ventricular premature contraction. Note the 
prolongation of the A-H interval in the sinus beat immediately after the ventricular premature contraction. 


P-P interval is 900 msec. The A-H interval of the sinus 
beats is 220 msec and the H-V interval is 40 msec. The 
ventricular premature contraction occurs 400 msec after 
the sinus QRS complex, and is followed by a sinus P 
wave. This P wave is not retrograde because it occurs 900 
msec after the previous sinus P wave and 910 msec before 
the next sinus P wave (that is, the sinus cycle) and its 
configuration is similar to that of the sinus beats. The 
A-H interval of the sinus beat following the ventricular 
premature contraction is 178 msec and the H-V interval is 
40 msec. The shortened conduction time is thought to be 
due to “facilitated” conduction across the A-V node due 
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to concealed retrograde conduction into the A-V node 
from the ventricular premature contraction. This retro- 
grade conduction causes earlier depolarization of the A-V 
node. Hence, the recovery period of the A-V node is long- 
er than it would have been if the A-V node had been 
depolarized antegrade by the sinus P wave following the 
ventricular premature contraction. This longer period for 
recovery facilitates A-V nodal conduction of the next 
sinus beat. If the ventricular premature contraction had 
not been conducted retrograde, and if the blocked sinus P 
wave following the ventricular premature contraction had 
been conducted through the A-V node and functionally 
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blocked in the His bundle or the ventricular musculature 
because it was still refractory due to depolarization by the 
ventricular premature contraction, one would have ex- 
pected an A-H interval in the conducted beat following 
the ventricular premature contraction to be similar to 
that of the A-H interval of the sinus beats preceding the 
ventricular premature contraction. 

Figure 2 demonstrates facilitation of A-V conduction 
that occurred after a retrograde P wave. The sinus P-P 
interval is 920 to 960 msec. The A-H interval of the sinus 
beats is 110 msec and the H-V interval 65 msec. The cou- 
pling interval from the QRS complex of the sinus beat to 
the ventricular premature contraction is 455 msec. The P 
wave (P1) following the ventricular premature contraction 
is conducted retrograde because (1) it appears premature- 
ly (P-P! = 780 msec), and (2) the P wave configuration is 
altered. There is a compensatory pause after the retro- 
grade P wave (see later). The A-H interval of the sinus 
beat following the ventricular premature contraction is 90 
msec and the H-V interval 65 msec. The presence of the 
retrograde P wave demonstrates that the A-V node had 
been depolarized retrograde by the ventricular premature 
contraction. This event occurred earlier than it would have 
if there had been no retrograde conduction and a sinus P 
wave had been present after the ventricular premature 
contraction and had depolarized the A-V node antegrade. 
Because of this premature depolarization of the A-V node, 
the node has a longer period for recovery and, hence, the 
A-V nodal conduction of the sinus beat following the 
ventricular premature contraction is facilitated, as 
evidenced by the shorter A-H interval. 

Another phenomenon seen in this figure, previously de- 
scribed by Katz and Pick? and noted in three of our pa- 
tients with retrograde P waves, relates to the effect of the 
ventricular premature contraction on the sinoatrial node. 
The P-P interval of the beats is 920 to 960 msec. The 
PP1-P interval (that is, the interval between the two 
sinus beats containing the ventricular premature contrac- 
tion and the retrograde P wave) is 1,870 msec, or twice 
the sinus rate. If the retrograde P wave had depolarized 
and reset the sinoatrial node the interval from the retro- 
grade P wave to the sinus P wave following the ventricular 
premature contraction would be the sinus interval, that 
is, 920 to 960 msec. However, this interval is prolonged, 
measuring 1,090 msec, thus suggesting that the retrograde 
P wave did not depolarize the sinoatrial node and that 
there was retrograde atriosinus block, allowing the sinoa- 
trial node to fire at its normal time. A P wave following 
the sinoatrial depolarization would not be expected be- 
cause the atrial musculature would still be refractory from 
the previous retrograde depolarization caused by the ven- 
tricular premature contraction. 


Delayed A-V Conduction 

Five patients had prolongation of A-V conduction 
time after a ventricular extrasystole (Table I). In 
three of these patients the ventricular premature 
contraction was interpolated and single. In the other 
two, the prolongation followed two successive ven- 
tricular premature contractions. 


Figure 3 demonstrates prolonged A-V conduction after 
an interpolated ventricular premature contraction. The 
sinus cycle ranges from 795 to 860 msec. The A-H interval 
of the normally conducted beat is 82 msec, the H-V inter- 
val 42 msec. The ventricular premature contraction occurs 
380 msec after the normally conducted QRS complex. The 
P-P interval of the cycle containing the interpolated ven- 


tricular premature contraction is 840 msec, the same sinus 
cycle length. The A-H interval of the sinus beat following 
the ventricular premature contraction is prolonged and 
measures 148 msec. The H-V interval remains normal at 
42 msec. These findings suggest that the interpolated ven- 
tricular premature contraction was conducted retrograde 
into the A-V node; hence, the A-V node was relatively re- 
fractory and conduction velocity across it was slowed. 
Similar findings were seen in the other four patients with 
A-H prolongation of the sinus beat after the extrasystole 
or the pair of ventricular premature contractions. 


In five cases no changes in A-V conduction were 
noted. 

Discussion 

In 1909 Laslett? postulated retrograde conduction 
into the A-V transmission pathway as the mecha- 
nism causing prolongation of the a-c interval in 
sinus beats after an interpolated ventricular prema- 
ture contraction. Wolferth!? postulated that partial 
retrograde penetration into the A-V node from idio- 
ventricular impulses in a patient with A-V dissocia- 
tion could lead to a longer period of recovery of the 
depressed area and, hence, allow A-V conduction of 
a subsequent sinus impulse. He hypothesized that 
this phenomenon might explain some instances of 
supernormal conduction.!1.12 

Langendorf! introduced the term “concealed con- 
duction" to describe the effects of premature ventric- 
ular and nodal beats on A-V conduction of subse- 
quent impulses. Like others before him,?-7 he noted 
that interpolated or late ventricular premature con- 
tractions would prolong the P-R interval of the next 
sinus beat. He also suggested! that retrograde con- 
duction with earlier penetration into the A-V node 
could enhance rather than delay the conduction of 
subsequent impulses; however, he did not present 
specific examples of this facilitation phenomenon fol- 
lowing the ventricular premature contractions. 

Katz and Pick? and Bellet!? discussed the prolon- 
gation of the P-R interval after a ventricular prema- 
ture contraction and attributed the phenomenon to 
concealed retrograde conduction into the A-V node. 
They also published examples of shortening of the 
P-R interval in the sinus beat after an early ventric- 
ular premature contraction (Figures 75, 89, 909 
and Figure 11-1313) but did not discuss the finding. 
In a case of pseudo A-V block caused by His bundle 
premature beats studied by Rosen et al.,14 His bundle 
electrograms demonstrated that prolongation of the 
P-R interval and blocked P waves were due to retro- 
grade concealed conduction into the A-V node. Fa- 
cilitation of A-V conduction after an early prema- 
ture His beat was also recorded (Figure 2-C) but not 
commented upon. Gupta and Haft1> noted prolonga- 
tion of the A-H interval after retrograde conduction 
to the node from an idioventricular QRS complex in 
a patient with complete heart block. In our study 
using His bundle electrograms we found that retro- 
grade conduction is a common occurrence after a ven- 
tricular premature beat. Although conduction to the 
atria with a retrograde P wave is not usually seen, 
retrograde conduction to the A-V nodal area (proxi- 


November 1973 The American Journal of CARDIOLOGY Volume 32 797 


VENTRICULAR PREMATURE CONTRACTIONS AND A-V CONDUCTION—HAFT ET AL. 


mal to the site of recording of the bundle of His de- 
polarization) occurs frequently and is manifested by 
changes in the P-H interval of the beat after the 
ventricular premature contraction. 

The His bundle electrographic findings confirm 
that when A-V conduction is affected by a ventricu- 
lar premature contraction, the site of the conduction 
alteration is at the A-V node, as postulated by ear- 
lier investigators who had only the peripheral elec- 
trocardiogram available for study. In contrast to the 
findings of the earlier workers, however, we found 
that the more usual effect of ventricular premature 
contractions on conduction of subsequent sinus beats 
is shortening of the A-H interval or facilitation of 
A-V conduction. In many instances, the change is 
subtle, with shortening by less than 10 msec, and 
would not be expected to be noted on the standard 
electrocardiogram. However, instances of facilitation 
by more than 20 msec were also seen. We postulate 
that after an early ventricular premature contraction 
the A-V node is depolarized retrograde. The sinus 
beat occurring shortly after the ventricular prema- 
ture contraction, or concurrently with it, is blocked 
at the node because it is still refractory. This sinus 
beat does not significantly conduct into the A-V 


node. Hence, by the time of the next sinus beat the 
A-V node has had a longer period for recovery than 
it would have had if the blocked sinus beat immedi- 
ately after the ventricular premature contraction had 
significantly penetrated the node; therefore, conduc- 
tion across the node is facilitated. Prolongation of 
the A-H interval after an interpolated or late ven- 
tricular premature contraction occurs less commonly 
but, because of the more pronounced effect of the 
P-R interval, it is more easily noted and docu- 
mented on the standard electrocardiogram. 

Ventricular premature contractions with retro- 
grade P waves were found in five of the patients 
studied. However, in none of the cases was the sinoa- 
trial node reset by the retrograde P wave. In all in- 
stances, although the retrograde P wave was prema- 
ture, the PP1-P interval was equal to twice the nor- 
mal sinus cycle. This observation suggests that the 
retrograde P wave did not penetrate the sinoatrial 
node (retrograde atriosinus block) and that the firing 
of the sinoatrial node occurred at the expected time. 
Functional sinoatrial block (sinoatrial interference)!? 
would then have occurred because the atrium would 
have been refractory to antegrade stimulation from 
the sinoatrial node. 
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Shifts in the level of the atrial repolarization (P-T,) segment caused 
by autonomic neural stimulation or by direct perfusion of either ace- 
tylcholine or norepinephrine into the sinus node artery were studied 
in 29 dogs. Direct perfusion of the atrioventricular (A-V) junction 
with acetylcholine (0.1 ug/ml), or vagal stimulation after direct per- 
fusion of the sinus node with atropine (10 ug/ml), were the two 
methods utilized to produce transient complete A-V block without 
altering the sinus rate. In this fashion not only could the isolated P 
waves and P-T segments be examined, but also their influence on 
QRS complexes and S-T segments during normal conduction could 
be assessed in the same dog. Both cholinergic and adrenergic stim- 
uli caused shifts of the P-T,, segment, but these shifts were more 
pronounced and consistent with use of either acetylcholine or stimu- 
lation of the vagus nerve. The right and left vagus nerves had oppo- 
site effects on the direction of shift of the P-T, segment, thus indi- 
cating that asymmetry of vagal neural influence is a determinant of 
the magnitude of shift observed in any record of the P-T, segment. 
From a comparison of tracings recorded both with and without A- V 
conduction, it is shown that an altered P-T,, segment may signifi- 
cantly distort both the QRS complex and the S- T segment, especial- 
ly during A-V junctional rhythm. Since neural control of the heart is 
important in the pathogenesis of angina pectoris, arrhythmias and 
conduction disturbances, neurogenic influence on the P-T,, segment 
must be considered in evaluating the electrocardiographic changes 
in these conditions. 


Of the many effects on the heart from autonomic neural stimuli, the 
more familiar ones to most clinical cardiologists are those on cardiac 
rhythm, conduction and contractility. Effects on myocardial recov- 
ery processes in the atria! and the ventricles*~ are less well known, 
although their potential role in serious arrhythmias? 5.8 deserves bet- 
ter recognition. A particularly elusive phenomenon is the alteration 
of the atrial repolarization segment (P-T, segment) in the electro- 
cardiogram. Most clinical electrocardiographers are well aware of the 
existence of the P-T,, segment and the possibility that it may be- 
come elevated or depressed in a variety of disease states,9.19 but its 
exact appearance and duration are usually difficult to assess because 
the normally larger QRS complex is superimposed within the region 
where atrial recovery would normally be inscribed on the electrocar- 
diogram. 

Marked alterations of the P-T,, segment are produced by selective 
influence of autonomic neural stimulation or by the direct adminis- 
tration of acetylcholine or norepinephrine into the sinus node ar- 
tery.11-12 After selective pharmacologic production of atrioventricu- 
lar (A-V) block,!? the exact nature and duration of both the P wave 
and its P-T,, segment can be unmasked. By comparing P waves and 
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FIGURE 1. Selective perfusion of the sinus node with acetylcho- 
line suppresses its activity transiently. These (and all subse- 
quent illustrations, except as noted) are continuous strips of a 
right atrial electrogram recorded at 25 mm/sec. In the initial 
‘part of perfusion (first strip) there is one sinus escape before 
maximal slowing effect occurs, and marked P-Ty elevation is 
apparent there; compare the P-Tp level during the four 
subsequent atrioventricular (A-V) junctional escape beats. At 
the end of perfusion (second strip), the slowing effect is quickly 
dissipated with return of sinus activity, but the P-Tp segment 
elevation persists several seconds more before returning to con- 
trol levels near the enc of the tracing. 


P-T, segments with and without associated (con- 
ducted) QRS complexes and S-T segments, one can 
accurately distinguish primary ventricular changes 
from those due to superimposed atrial activity. Be- 
cause such atrial changes may be anticipated in 
company with processes such as myocardial ischemia 
that influence ventricular recovery as well, the clini- 
cal importance of more precise understanding of the 
P-T, segment is apparent. 
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FIGURE. 2. In this ibo celi aholino caused daptossion atthe 
than elevation of the P-Tp segment. Furthermore, there is a 
prompt escape rhythm (open circle, second strip) when sinus 
activity is suppressed. Separation of the atrial and ventricular 
complexes, which are initially superimposed, is simplified during 
resumption of sinus rhythm (open circle, fourth strip) as the ef- 
fect of acetylcholine wanes. The P-Tp depression outlasts the 
slowing action of acetylcholine. 


Methods and Materials 


Twenty-nine dogs were anesthetized with sodium 
pentobarbital (30 mg/kg administered intravenously). 
After the trachea was intubated for ventilation with room 
air, the chest was opened and the heart exposed for selec- 
tive cannulation of the nutrient arteries supplying the 
sinus node!4 and the A-V node.!? Details of these meth- 
ods have been published.13.16 Electrical activity of the 
right atrium was recorded with a surface lead (usually 
aVR) and with a unipolar electrogram from the right 
atrial surface at a point about 10 mm below the sulcus 
terminalis opposite the sinus node. 

It is widely known that pressure and similar trauma 
from an electrode on the epicardium grossly alter either 
the P-T, or S-T segment recorded from the atrium or 
ventricle, respectively. That such artifacts were not a fac- 
tor in our study is illustrated in two ways: (1) Control 
P-T,, segments were isoelectric, and (2) the onset and du- 
ration of shifts in the P-T, segment clearly corresponded 
to the various experimental procedures, during which the 
recording electrode position and contact were not altered. 
The P-T,, segment changes observed in the atrial electro- 
grams are of greater magnitude than those in surface 
leads, although the latter are readily distinguishable as 
well. The descriptions in this report will focus on the 
exaggerated changes seen in the epicardial electrogram, 
where their duration and relation to the QRS complex or 
S-T segment can be most clearly demonstrated. 

Injections into the two cannulated arteries were all de- 
livered from a hand-held syringe within 5 to 10 seconds 
and in 2 ml volumes. All test solutions were prepared in 
Ringer’s solution and responses were compared with con- 
trol responses to injections of Ringer’s solution alone. The 
right and left vagus nerves were isolated in the neck and 
the right stellate ganglion was isolated within the thorax 
for stimulation at 30 Hz, with rectangular wave impulses 
of 1/msec duration at either submaximal or supramaximal 
voltage. 

Test substances utilized included acetylcholine hydro- 
chloride, l-norepinephrine bitartrate, propranolol hydro- 
chloride, atropine sulfate, hemicholinium-3 dibromide, 
crystalline tetrodotoxin, neostigmine sulfate (or physostig- 
mine salicylate) and adenosine (base). 
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FIGURE 3. Exact duration and codhawatan of the reer seg- 
ment can be demonstrated by brief pharmacologic production of 





selective A-V block. In the second of these continuous strips 
the QRS complexes are temporarily eliminated without influenc- 
ing sinus rate or P wave and P-Tp configurations. A late com- 
ponent of the T wave which might otherwise be misinterpreted 
as a P wave is thus elucidated, particularly in the transient 2:1 
block seen at the end of the second strip when the blocking ef- 
fect of acetyicholine wanes. 
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FIGURE 4. In this experiment the P-T, depression is due to 
persisting effect of eserine perfused into the sinus nodal artery. 
Again the magnitude and duration of the P wave and P-Tp seg- 
ment are clearly unmasked by pharmacologic selective produc- 


tion of complete A-V block. The P waves and P-T, segments 
are unaffected as the QRS complexes are eliminated. 


Results 


Acetylcholine: In all 29 dogs direct perfusion of 
the sinus node with acetylcholine produced a pro- 
found immediate negative chronotropic action that 
was associated with a marked shift of the P-T, seg- 
ment. The P-T, segment became elevated in 19 dogs 
(Fig. 1), and was depressed in the other 10 (Fig. 2), 
but in each dog the same response occurred with re- 
peated injections and was therefore consistent in 
that dog. The degree of both sinus slowing and P-T, 
deflection was directly related to the level of concen- 
tration of acetylcholine, being inapparent in concen- 
trations of less than 0.01 ug/ml. Maximal effect oc- 
curred with concentrations of 0.1 ug/ml, and the 
onset was usually simultaneously apparent for both 
P-T, deflection and chronotropic effect although 
P-T, deflection sometimes preceded sinus arrest by 
one beat (Fig. 1). The duration of the P-T, segment, 
measured from onset of the P wave to the visible 
completion of atrial repolarization, could be seen 
clearly only during induced A-V block. It ranged 
from 120 to 210 msec and varied from dog to dog, 
but was relatively constant in the same dog. The last 
portion of the P-T,, segment always extended into 
the initial portion of the S-T segment and some- 
times grossly altered its level and configuration (Fig. 
3 and 4). 

The incidence of transient atrial fibrillation was 
slightly greater with acetylcholine concentrations of 
1.0 ug/ml, as reported previously,!! and the dura- 
tions of both chronotropic effect and P-T,, deflection 
were slightly longer with concentrations of 1.0 ug/ml 
than with concentrations of 0.1 ug/ml. The occur- 
rence of atrial fibrillation during these experiments 
was about 10 percent with concentrations of 0.1 
ug/ml of acetylcholine and approximately 30 percent 
with concentrations of 1.0; these episodes of fibrilla- 
tion were self-terminating, with a duration of 15 to 
75 seconds. At the end of each episode, the P-T,, 
segment still manifested maximal elevation or de- 
pression for the first few sinus beats and then re- 
turned to isoelectric status. 

Duration of effect by acetylcholine at any concen- 
tration was slightly longer for the P-T, segment 
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FIGURE 5. This control experiment demonstrates that an injec- 
tion of Ringer's solution into the sinus node artery produces the 
usual injection-induced bradycardia (see text) but has no signif- 
icant effect on the P-T,, segment. 


than for sinus rate, although the duration of each 
was brief, lasting only for the time of the injection 
and for a few seconds thereafter. Recovery was com- 
plete and repeated injections at 3 minute intervals 
produced the same responses. Control injections of 
Ringer's solution alone are associated with bradycar- 
dia during injection and a brief period of acceleration 
after injection,!? but there is no significant effect on 
the P-T,, segment (Fig. 5). 

Vagal stimulation: As would be anticipated since 
the neurotransmitter substance released by vagal 
stimulation is acetylcholine, the effects of this proce- 
dure in 10 dogs were just as profound as those ob- 
served after direct perfusion with acetylcholine (Fig. 
6). These similarities included speed of onset of ac- 
tion, duration during stimulus (compared to perfu- 
sion), completeness of recovery promptly after the 
procedure, and similarity of duration of effect on 
sinus rate and P- T, segment. In 11 dogs the effect of 
right vagal stimulation was compared to the effect of 
perfusing acetylcholine into the sinus node artery of 
the same dog. In all 11 the magnitude of the P-Tp 
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FIGURE 6. This tracing demonstrates the effect on the P-T, 
segment from a submaximal right vagal stimulation. A single un- 
conducted sinus escape (marked by circle) is seen at the onset 
of the stimulation. P-Tp elevation begins sooner and lasts longer 


than the sinus slowing. 
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FIGURE 7. Although the elimination of sinus activity by direc 
perfusion of the sinus node with acetylcholine (A) is similar to 
the effect of a supramaximal right vagal stimulus (B), the for- 
mer procedure caused P-Tp depression in this dog whereas the 
latter caused P- Ty, elevation (same dog). 








shift was comparable with both methods; however, 
in 3 of the 11 dogs the direction of the shift was op- 
posite for the two methods (Fig. 7). 

In three dogs the responses to right and left vagal 
stimulation were compared. Although right vagal 
stimulation caused more sinus slowing and left vagal 
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FIGURE 8. The opposite effects on P-Tp segment by right (A) 
compared to left (B) vaga! stimulation are shown here after se- 
lective atropinization of the sinus node (procedures performed 
before administration of atropine in the same dog are shown in 
Figure 7). 











stimulation more A-V block, as reported previous- 
ly, the difference in effect on the P-T, segment 
was marked. This was best demonstrated after selec- 
tive atropinization of the sinus node, when either 
vagal stimulus caused complete A-V block without 
slowing the sinus rate. Right vagal stimulation 
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FIGURE 9. In this experiment a second in- 
jection of eserine is made while there is still 




















some bradycardia and P-Ty elevation due to 
a preceding injection. As the sinus node 
slows further, there is concomitant increas- 
ing P-Tp elevation. The upper four strips are 
continuous; the three lower strips are each 

















802 November 1973 





20 seconds apart. 


The American Journal of CARDIOLOGY Volume 32 


NEUROGENIC INFLUENCE ON P-Tp SEGMENT—JAMES ET AL. 





























































































































































































































FIGURE 10. During A-V junctional rhythm pro- 


















































duced by selective perfusion of norepinephrine into 
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caused elevation of the P-T, segment whereas left 
vagal stimulation depressed it (Fig. 8). 
Cholinesterase paralysis: Selective perfusion of 
the sinus node with 10 ug/ml of either neostigmine 
or physostigmine in eight dogs had the expected 
gradual but progressively increasing negative 
chronotropic effect.!! The visible influence on the 
P-T, segment progressively developed almost simul- 
taneously with the chronotropic effect, more shift of 
the P-T, segment directly corresponding to more 
slowing of the sinus node (Fig. 9). During recovery, 
the effect on rate and on P-T, segment likewise 
waned together. The duration of sinus slowing was 
10 + 3 minutes (standard error), and in seven of the 
eight dogs the degree of slowing was sufficient to 
permit emergence of an escape A-V junctional 
rhythm for 6 + 3 minutes. Both at the onset and the 
end of the A-V junctional rhythm, the movement of 
the atrial complex into the ventricular complex pro- 
vided a clear demonstration of how P- T, level influ- 
ences the S-T segment configuration. During A-V 
junctional rhythm caused by selective acceleration of 
the A-V junctional pacemaker,!? physostigmine in 
the sinus node artery caused a shift in the P-Tp 
segment without altering the rhythm (Fig. 10). 
Hemicholinium and tetrodotoxin: Since hemi- 
cholinium blocks the synthesis!! and tetrodotoxin 
the release1® of acetylcholine in the sinus node, it 
would be anticipated that these agents would influ- 
ence the results of vagal stimulation. In four dogs 
after 1 mg/ml of hemicholinium was perfused 
through the sinus nodal artery, stimulation of the 
right vagus nerve resulted in a smaller P-T,, segment 
shift than that present before administration of 
hemicholinium. Perfusion of the sinus node artery 
with tetrodotoxin (10 u/ml) in six dogs caused either 


marked alteration or complete abolition of the P-T, 
segment changes due to vagal stimulation (Fig. 11). 
In each of these experiments selective perfusion of 
acetylcholine produced the same degree of P- T, seg- 
ment deflection either before or after the administra- 
tion of hemicholinium or tetrodotoxin. 

Atropine: Atropine (10 ug/ml) perfused into the 
sinus node artery completely blocks the chronotrop- 
ic response to either acetylcholine or vagal stimula- 
tion! and when perfused into the A-V node ar- 
tery!? blocks both the dromotropic and chronotropic 
effects. In each of our experiments atropine also 
eliminated the response of the P- T,, segment to ace- 
tylcholine (Fig. 12), and the onset and duration of 
this blockade corresponded to the duration of the ef- 
fect of atropine on heart rate and conduction. On the 
other hand, selective perfusion of the sinus node ar- 
tery with atropine often altered or diminished the 
P-T, response to vagal stimulation but did not elim- 
inate it (Fig. 8). However, intravenous administra- 
tion of 1 mg/kg of atropine eliminated the chrono- 
tropic and dromotropic effects of vagal stimulation 
as well as its effects on the P-T,, segment. 

Adrenergic influences: Supramaximal stimula- 
tion of the stellate ganglion (five dogs) and direct 
perfusion of the sinus node artery with norepineph- 
rine (0.1 ug/ml) in the same dogs each produced 
maximal acceleration of the sinus node.!? However, 
the influence on the P-T, segment varied in both 
magnitude and duration and was often intermittent 
during tachycardia. Furthermore, in two dogs the 
P-T, segment exhibited a biphasic response (Fig. 
13), being elevated initially and then depressed later, 
until the heart rate returned to control level. Selec- 
tive local beta receptor blockade of the sinus node 
with administration of propranolol (10 ug/ml)!? had 
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ET FIGURE 11. Right vagal stimulation before (C) and 
after direct perfusion of the sinus node with tetro- 
dotoxin (TTX) demonstrates marked alteration of 
the P-Tp effect, concomitant with elimination of the 
sinus slowing response. The initially elevated and 
peaked P-T, segment becomes markedly de- 
pressed. As the effect of tetrodotoxin wanes, the 
influence of the vagus stimulation on the P-Tp seg- 
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a slight but consistent effect in five dogs, causing el- 
evation of the P-T, segment (Fig 14). 

Adenosine: To examine how much of the effect on 
the P-T, segment might be related to simple phar- 
macologic slowing of the sinus node, in six dogs 
adenosine (100 ug/ml) was perfused into the sinus 
node artery. Although this substance has a profound 
negative chronotropic action,!? comparable to that of 
acetylcholine both in speed of onset and maximal ef- 
fect, adenosine produced only minor inconsistent ef- 
fects on the P- T, segment. 

Selective cholinergie blockade of the A-V junc- 
tion: Transient complete A-V block may be pro- 
duced either by direct perfusion of the A-V node 
artery or septal artery of the dog with acetylcholine!? 
(Fig. 3 and 4), or by vagal stimulation after selective 
atropinization of the sinus node?! (Fig. 8). More pro- 
longed complete A-V block may be produced with 
selective cholinesterase-induced paralysis in the A-V 
junction.13 The influence of either acetylcholine or 
physostigmine on the P-T, segment during such 
blockade was negligible in six of nine dogs, but pro- 
duced effects on the P-T,, segment similar to those 
from selective perfusion of the sinus node in the 
other three, the variability of response most likely 
being attributable to anatomic differences in areas of 
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atrial myocardium experimentally perfused low in 
the interatrial septum. The principal purpose of se- 
lectively produced pharmacologic A-V block was to 
examine the entire separated atrial complex during 
effects from perfusion of the sinus nodal artery, how- 
ever, and not its own associated effect on the P-Tp 
segment. 
? Discussion 

Acetylcholine, whether directly administered or 
neurally released, clearly has a profound influence on 
the P-T,, segment of the electrocardiogram. This ef- 
fect closely parallels the more familiar negative 
chronotropic action. Although the P-T, segment 
may become either elevated or depressed, varying 
according to the experimental procedure and to a 
lesser extent from one dog to another, the same pro- 
cedure in the same dog consistently produced the 
same effect on the P-Tp segment. 

Explanation for responses to acetylcholine and 
adrenergic stimulation: There are two anatomic 
reasons for variability in some of these responses, 
and they are the differing amount and location of 
atrial myocardium perfused by the sinus node ar- 
tery in different dogs, and the differential distribu- 
tion of the right and left vagus nerves in the 
atria.20-23 Although the sinus node artery is the 
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FIGURE 12. Both the sinus bradycardia and 
the P-T, elevation caused by eserine in the 



































sinus node artery are promptly eliminated by 
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largest atrial branch in both canine and human 
hearts,1*.20.?1 there are other atrial branches. There- 
fore, selective administration into the sinus node 
artery of either cholinergic agonists or antagonists 
did not perfuse the same amount or area of the atrial 
myocardium in different dogs, nor did such perfusion 
necessarily correspond to the anatomic distribution 
of the right vagus nerve. Although pharmacologic 
responses to both agonist and antagonist compared 
by selective perfusion alone could be expected to 
match as they did, it is not surprising that com- 
parison of responses between an agonist selectively 
perfused or neurally released did not always match 
in reference to P- T, segment shifts (Fig. 7). 

Although these results fit well with the known 
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FIGURE 13. Direct perfusion of the sinus node with norepineph- 
rine produced a biphasic effect on the P-T, segment, initially 
depression and then elevation. The two black bars in the first 
and fifth strips indicate the duration of the P-Tp segment, dis- 
placement of which could be misinterpreted as primary S-T 
segment change. In most dogs the magnitude of effect of nor- 
epinephrine on the P-Tp segment was less than that seen here. 


electrophysiologic actions of acetylcholine on mem- 
brane action potential in the sinus node and the atri- 
um,?* our study was not designed to elucidate the 
biochemical basis of this action (for example, trans- 
membrane ion transfer effects). Even without eluci- 
dation of the ionic mechanism of action, it may be 
noted that the effects on P-T,, segment are similar 
to those observed during atrial ischemia.?.19 Wheth- 
er the ischemic effects are also mediated by local re- 
lease of acetylcholine or whether both events have a 
similar biochemical basis (for example, increased po- 
tassium conductance) was not investigated in this 
study. 

Our demonstration that norepinephrine, adrener- 
gic neural stimulation and beta receptor blockade all 
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FIGURE 14. Brencandiéi Perfused, into " ffie- sinus -nod&. artery 
produced only a moderate degree of P-Tp elevation. Although 
this may be due to enhanced (unopposed) local cholinergic ef- 
fect when adrenergic beta receptor activity is blocked, the 
change is of such small magnitude that its inconsistent elimina- 
tion with local administration of atropine could not be quantified. 
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variably influenced the level of the P-T, segment 
was more difficult to explain. For example, in some 
dogs there was a biphasic response to adrenergic 
stimuli. However, the adrenergic effect on the P-T, 
segment was seldom as prominent as that produced 
by acetylcholine in any of the dogs. Two factors may 
have contributed to the variability of the adrenergic 
neural influence on the level of the P-T, segment: 
(1) interaction with the more prominent effect from 
local acetylcholine, and (2) the simultaneous meta- 
bolic events caused by the more familiar positive 
chronotropic and positive inotropic effects of norepi- 
nephrine. 

In most surface lead electrocardiograms the mag- 
nitude of P- T, deflection is smaller than that seen in 
our epicardial electrograms and may easily escape 
detection. In the future, with improved recording 
techniques, the magnitude of the atrial component of 
the electrocardiogram may be amplified. However, 
even today there are a number of widely used proce- 
dures to which our observations are more directly 
applicable. They distinctly apply to physiologic ex- 
periments on dogs with epicardial leads. If one as- 
sumes that these same mechanisms occur in man, 
then tracings obtained with atrial wires attached at 
cardiac surgery, or intraatrial catheter tracings, or 
esophageal lead electrocardiograms may all have suf- 
ficient P wave magnification so that our P-Tp find- 
ings become directly relevant. 

Alteration of P-T, vs. S-T segment: A number 
of important recent studies have demonstrated that 
asymmetric adrenergic neural influence on ventricu- 
lar repolarization may account for marked alteration 
of the S- T segment and the T wave.5-7 Earlier stud- 
ies from the same laboratory had shown that sus- 
tained vagal neural influence was an essential factor 
in the perpetuation as well as the onset of atrial fi- 
brillation.!2 Although the P-T, segment shifts in 
our experiments could hardly account for the grotes- 
quely prolonged S-T and T wave alterations pro- 
duced by asymmetric adrenergic neural influences,? 
there seems little question that P-Tj effects on the 
initial portion of the S-T segment are significant and 
may easily be misinterpreted, particularly during 
A-V junctional rhythm. Alteration of the S-T seg- 
ment by an abnormal superimposed P-T, segment 


could be misinterpreted to represent ventricular 
ischemia or some similar disturbance of ventricular 
repolarization. 

Factors influencing direction of P-T, deflec- 
tion: It is generally thought that the direction of 
P-T, deflection is opposite to that of the principal 
vector of the P wave,25 and this may be true in some 
conditions such as total myocardial ischemia.!? Nev- 
ertheless, our experiments illustrate that the P-Tp 
segment may be displaced in opposite directions de- 
pending on whether the right or left vagus nerve is 
stimulated and independent of the P vector (Fig. 8). 
Similarly, selective local perfusion of a vagal block- 
ing agent through the sinus node artery may cause 
temporary reversal of the direction of P-T) deflec- 
tion during vagal stimulation (Fig. 11). 

It is thus apparent that asymmetry of vagal neural 
influence is a major factor determining the net direc- 
tion (and consequently the magnitude) of P-Tp de- 
flection, a situation directly analogous to the influ- 
ence of asymmetric adrenergic neural influence on 
the S-T segment. Asymmetry of vagal neural influ- 
ence on the atria may originate from unbalanced dis- 
charge by the brain, or may be caused by focal dis- 
ease in the vagus nerve or in the atria themselves. 
The fact that acetylcholine perfused into the sinus 
node artery caused a marked shift of the P- T, seg- 
ment is a further illustration of an unbalanced cho- 
linergic effect, since that artery predominantly, but 
not exclusively, supplies the right atrium. 

Clinical implication: Many different substances 
must influence the atrial P- T, segment of the elec- 
trocardiogram, and we do not intend to imply that 
acetylcholine (or, to a lesser extent, norepinephrine) 
is the only or perhaps even the most important of 
these. On the other hand, acetylcholine is a naturally 
occurring substance present in all normal and most 
diseased hearts and furthermore has profound well 
known pharmacologic and electrophysiologic actions. 
Since it is becoming increasingly recognized that 
neural control and neural interplay participate in 
many clinical events such as angina pectoris, ar- 
rhythmias and conduction disturbances, a full un- 
derstanding of the electrocardiographic effects of 
acetylcholine is of considerable clinical as well as ex- 
perimental importance. 
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Microelectrode techniques were utilized to investigate reentrant ac- 
tivity in the isolated canine bundle of His. The bundle was exposed 
by dissection in a muscle chamber superfused with oxygenated Ty- 
rode solution. Isolation of the bundle was completed by resection of 
the atrioventricular (A-V) junction and the proximal bundle branch- 
es. Extracellular stimuli were delivered to the proximal bundle. De- 
pression of conduction induced by Tyrode solution containing 13.5 
mM potassium ion was monitored by two recording intracellular mi- 
croelectrodes impaled into cells of the proximal and distal bundle of 
His. As interelectrode activation times prolonged, second depolariza- 
tions of the proximal cell occurred. These second depolarizations 
often appeared as full amplitude action potentials. When block of 
conduction occurred immediately distal to the proximal cell, that 
cell was not reactivated. When conduction failed nearer the distal 
cell, reactivation of the proximal cell occurred followed by activation 
of the distal cell after various periods of delay. Occasionally, repeti- 
tive reactivation of both cells occurred. We conclude that prolonga- 
tion of action potential duration proximal. to sites of conduction de- 
pression may be due to reentry. Furthermore, these data suggest 
that functional longitudinal dissociation of conduction and reentry 
can occur within the bundle of His without participation of either the 
atria or the A-V junction. Thus, reentry within the bundle of His may 
be a mechanism for reciprocating rhythms. 


The concept that longitudinal dissociation of conduction within the 
atrioventricular (A-V) junction is responsible for reciprocal rhythms 
is not new. Experimental!-* and clinical9-19 reports of reciprocal 
rhythms concluded that such rhythms may develop when the A-V 
junction becomes functionally divided into two or more pathways 
differing in refractoriness, excitability, ability to conduct, or a com- 
bination of these factors. More recent experimental studies!i-1? sup- 


-port the tenet that reciprocation is due to inhomogeneous conduction 


and unidirectional block within the A-V junction. 

The question concerning pathway requirements to complete ven- 
tricular reciprocal beats has existed for several years. Some investi- 
gators!3-15 have stated that the atrium is an essential link in the 
reentry pathway. Others!® have suggested that the reentry may 
occur within the A-V junction, and that the reciprocation may be 
completed during the atrial absolute refractory period. A recent 
study in man!? suggests that the reentry may occur in either the 
atrium or the A-V junction. 

Evidence for reentry in unbranched Purkinje false tendons also has 
been reported recently.2° In these studies marked slowing of conduc- 
tion within the false tendons induced reentrant activity. Although 
the false tendons are anatomically distal to the bundle of His, histo- 
logic?1.22? and physiologic?? similarities between the two tissues are 
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sufficient to suggest that a similar type of reentry 
might also occur in the His bundle. This paper pre- 
sents evidence for such reactivation, as manifested 
by second depolarizations of proximal cells and pre- 
mature full amplitude action potentials consequent 
to a single stimulus, in the canine bundle of His iso- 
lated anatomically from the atrium and A-V junc- 
-tion and exposed to a potassium-rich superfusant. 
Reactivation of this type differs descriptively from 
that form of reentry occuring in a closed loop in that 
the bundle of His contains no grossly circuitous 
pathways. These differences have been emphasized 
previously.?° 


Methods 


Adult mongrel dogs of either sex, weighing between 12 
and 15 kg, were anesthetized with sodium pentobarbital 
(30 mg/kg intravenously). The hearts were removed rap- 
idly through a right thoracotomy incision and placed in 
warm Tyrode solution. That portion of the heart contain- 
ing the A-V junction, bundle of His and proximal bundle 
branches was excised en bloc and placed in a 60 cc Lu- 
cite? muscle chamber and continuously superfused with 
oxygenated Tyrode solution maintained at a temperature 
of 35 + 0.5 C. Then, by sharp dissection, the entire bun- 
dle of His was exposed to the superfusant. Finally, the 
bundle was transected at the central fibrous body and at 
the origin of both bundle branches, leaving the bundle of 
His isolated from the A-V junction proximally and the 
bundle branches distally. Figure 1 schematically depicts 
the preparation, showing that the bundle of His was iso- 
lated from the A-V junction and the left and right bundle 
branches. A bipolar extracellular stimulating electrode 
was placed on the proximal bundle of His, perpendicular 
to the long axis. Two microelectrodes were impaled into 
cells of the proximal and distal bundle. The microelec- 
trodes, drawn from 1 mm Purex? glass capillary tubing, 
had a tip diameter of less than 0.5 „u and, having been 
filled with 3M potassium chloride, had a tip resistance of 
15 to 30 megohms. After control activation times were re- 
corded, Tyrode solution containing 13.5 mM potassium 
ion was superfused into the muscle chamber at a rate of 7 
ml/min. In some experiments 5 x 10- 9M epinephrine was 
added to the superfusant to maintain excitability. Driving 
and test stimuli were delivered by means of an AEL 104 
laboratory stimulator. Polarity of the stimulating elec- 
trode was occasionally reversed. Data were displayed on a 
Tektronix 564 memory oscilloscope and recorded on a 
Honeywell 7600 analog tape recorder, Visicorder paper 
and Polaroid film. After the preparation had been exposed 
to the potassium-rich superfusant for approximately 30 
minutes, stimulation was omitted for several minutes, and 
the preparation was observed for evidence of automaticity. 
Spontaneous escape rhythms were never observed. 


Results 

Experiments were performed in 20 preparations. 
Table I outlines the various observations and their 
incidence. More than one conduction abnormality 
was often elicited in a particular experiment. Fur- 
thermore, the data were consistent over long periods 
of observation and, in a given experiment, were read- 
ily reproducible. Reversing the polarity of the stimu- 
lating electrode did not alter the activation se- 
quence. After exposure to the potassium-rich Tyrode 
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FIGURE 1. Diagrammatic representation of the bundle of His 
(BH) and the placement of stimulating and recording elec- 
trodes. The lines interrupting the bundle indicate transecting 
incisions which isolated the bundle from the A-V junction (AVJ) 
and the left (LBB) and right (RBB) bundle branches. MEp = 
proximal, MEg = distal recording microelectrodes; S = bipolar, 
extracellular stimulating electrode. 


FIGURE 2. Interelectrode Wenckebach periodicity demonstrat- 
ing second depolarization of the proximal cell as interelectrode 
conduction slows. Note that the nonconducted action potentials 
differ from each other in configuration. D = recording from dis- 
tal cell; P = recording from proximal cell. 


TABLE | 
Conduction Abnormalities Observed and Their Frequency 





Frequency of 
Observation 
(no. of ex- 
Observation periments) 
1 Interelectrode conduction depression 20 
2 Interelectrode Wenckebach periods 12 
3 Reactivation of proximal cell subsequent 10 
to premature stimulation 
4 Reactivation of proximal cell after 5 
premature stimulation with activation 
of distal cell by way of an alternate 
pathway 
5 Repetitive reactivation 2 
6 Conduction block between stimulating 4 


electrode and proximal cell 


solution, slowing of interelectrode conduction was 
observed in all preparations, ranging from 10 to 20 
percent of control levels: Periodic conduction failure, 
typical of Wenckebach block, was common. 
Demonstration of Wenckebach block and proxi- 
mal cell reactivation: Figure 2 is an example of 
such Wenckebach periodicity. The top strip was re- 
corded from the proximal bundle of His very close to 
the stimulating electrode, and activation of that cell 
was immediate. In the lower strip, recorded from a 
distal cell, progressive delay and eventual failure of 
conduction to that cell occurred, resulting in 4:3 and 
2:1 block. As interelectrode conduction slowed, how- 
ever, a second depolarization of the proximal cell ap- 
peared, resulting in a gradual increase in phase 2 du- 
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300 msec 


FIGURE 3. Interelectrode Wenckebach periodicity demonstrating prolongation of proximal action potential duration as interelectrode 


conduction slows. 


so 


1 300 msec 


FIGURE 4. Gradual slowing cf interelectrode and stimulus to proximal cel! conduction. After maximal slowing of interelectrode conduc- 
tion (10th pair), conduction from the stimulating electrode to proximal cell is enhanced (11th pair indicated by arrow). See text. 
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BCL=2sec 


FIGURE 5. Reactivation of the proximal cell (P) consequent to premature stimulation. As interelectrode conduction of the premature 
impulse slowed, duration of the proximal action potential prolonged. Failure of interelectrode conduction resulted in variable foreshort- 
ening of proximal action potential duration. BCL = basic cycle length. See text. 


ration. Furthermore, this second depolarization was 
temporally related to activation of the distal cell. 
The fourth action potential, upper strip, was of lower 
amplitude and shorter duration than the preceding 
action potentials (no second depolarization), and the 
distal cell failed to respond to that stimulus. Simi- 
larly, the last action potential, upper strip, terminat- 
ed a period of 2:1 conduction. Although its ampli- 
tude and duration were less than those of the con- 
ducted action potentials, it was wider and taller than 
the previous nonconducted action potential (fourth 
proximal action potential), and the distal cell re- 
sponded to this stimulus with a subthreshold depo- 
larization. 

Figure 3, taken from another experiment, again il- 
lustrates interelectrode Wenckebach periodicity. The 
first pair of action potentials were the final sequence 
of a previous Wenckebach period and the last pair 
the initiation of a subsequent period. Interposed was 
a 6:5 Wenckebach period. Again, progressive delay of 
interelectrode conduction was associated with a sec- 
ond depolarization and prolongation of action poten- 
tial duration of the proximal cell. The fifth sequence 
in the 6:5 period (sixth pair of action potentials) was 
characterized by maximal depression of conduction 
between microelectrodes and a pronounced second 
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depolarization of the proximal cell that followed ac- 
tivation of the distal cell. When interelectrode con- 
duction failed (seventh pair of action potentials), the 
duration of the proximal action potential was atten- 
uated. 

In the experiment depicted in Figure 4, gradual 
depression of conduction from the stimulating to the 
proximal recording electrode was noted in addition 
to gradual conduction depression between recording 
microelectrodes. Again, as interelectrode conduction 
slowing became more pronounced, the proximal ac- 
tion potential demonstrated a second depolarization, 
the amplitude of which increased with increasing 
conduction delay. When depression of conduction 
between microelectrodes was maximal (10th pair of 
action potentials), the depolarization of the distal 
cell was reduced. Concomitantly, the proximal ac- 
tion potential duration was foreshortened and did 
not demonstrate the second depolarization. Further- 
more, activation time from the stimulating electrode 
to the proximal cell had gradually prolonged from 60 
msec (1st action potential) to 100 msec (10th action 
potential). However, activation of the proximal cell 
of the 11th pair of action potentials (indicated by the 
arrow) occurred after only 60 msec, a sudden fore- 
shortening of conduction time. 
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Demonstration of proximal cell reactivation oc- 
curring after single premature stimuli: In 15 ex- 
periments single premature test stimuli were intro- 
duced which, in conjunction with the potassium-rich 
superfusant, resulted in marked slowing of conduc- 
tion and reexcitation. Figure 5 illustrates one in- 
stance. In this experiment, after the 13.5 mM K+- 
Tyrode solution had been superfused for approxi- 
mately 40 minutes, premature test pulses were deliv- 
ered 350 msec after the driving pulse. In each in- 
stance the driving stimulus activated both cells. The 
test pulse immediately activated the proximal cell, 
and, after various periods of time, the distal cell was 
activated (couplets 1 to 5) or interelectrode conduc- 
tion failed (couplets 6 and 7). As the second activa- 
tion of the distal cell occurred progressively later, a 
third depolarization of the proximal cell became 
more pronounced, on occasion appearing as a full 
amplitude action potential (third depolarization of 
the proximal cell in couplet 5). At the distal cell the 
premature stimulus induced a subthreshold depolar- 
ization indicating that conduction block between re- 
cording microelectrodes was near the distal cell. The 
interval between the premature stimulus and this 
subthreshold response was constant. A full ampli- 
tude action potential of the distal cell followed, at 
increasing intervals, the subthreshold depolarization. 
In couplet 6, the test pulse elicited a response of the 
proximal cell characterized by a prolongation of 
phase 3. The distal cell responded with the early 
subthreshold depolarization and then a second sub- 
threshold depolarization. The final couplet was char- 
acterized by a narrow action potential of the proxi- 
mal cell in response to the test pulse, and complete 
failure of activation of the distal cell. 

'These data suggest that interelectrode conduction 
of the premature impulse consistently failed near the 
distal cell, as indicated by the subthreshold depolar- 
ization of the distal cell. Reflection of a wave front 
caused reactivation of the proximal cell, and the dis- 
tal cell was eventually activated by way of pathways 
around the site of interelectrode conduction block. In 
couplet 6, the reflected wave front failed to excite 
fully the proximal cell, causing only a prolongation 
of phase 3 of the action potential of the proximal 
cell. Moreover, the second subthreshold depolariza- 
tion of the distal cell indicates that conduction in 
the pathway around the site of interelectrode block 
failed before the distal cell was fully excited. In cou- 
plet 7, interelectrode conduction of the premature 
impulse failed near the proximal cell, and reflection 
did not occur. An alternative hypothesis for His bun- 
dle activation is that two wave fronts subsequent to 
the premature impulse proceeded down the bundle 
by way of two functionally separate pathways. Inter- 
electrode conduction failed in one pathway, giving 
rise to the subthreshold response of the distal cell. 
'The distal cell was then fully activated by way of the 
alternate pathway. Reactivation of the proximal cell 
would occur because of reflected activity from one of 
the slowly conducting wave fronts. Nevertheless, 
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50 mV 


400 msec 


FIGURE 6. Slow conduction of premature impulse with second 
depolarization of proximal cell then reactivation of both cells. 
Diagram illustrates possible mechanism for sequence. ME, = 
proximal site, MEq = distal site; S, = driving stimulus; S2 = 
premature stimulus. 


both hypotheses require the existence of functional 
longitudinal dissociation of conduction and reactiva- 
tion within the isolated bundle of His. 

The data shown in Figure 6 are from an experi- 
ment in which the isolated bundle of His had been 
exposed to the potassium-rich Tyrode solution for 
approximately 80 minutes. Premature pulses were 
delivered to the proximal bundle 340 msec after the 
driving stimulus. The proximal cell was activated 
immediately after the premature stimulus, and acti- 
vation time to the distal cell was 80 msec. A third 
depolarization of the proximal cell followed and, after 
approximately 280 msec, a fourth depolarization oc- 
curred. Fifty msec after the fourth depolarization of 
the proximal cell, the distal cell depolarized a third 
time. The accompanying diagram suggests a possible 
explanation for this sequence of events. This circum- 
stance was encountered in two experiments and per- 
sisted for approximately 15 minutes each time. 


Discussion 


Previous studies have demonstrated prolonged ac- 
tion potential durations near sites of depressed con- 
duction.24-26 Mendez and Moe,?® studying the isolat- 
ed rabbit A-V node, recorded narrow action poten- 
tials immediately proximal to sites of intranodal 
block, and long action potentials when intranodal 
conduction was slow. They suggested that these 
changes in action potential duration were dependent 
upon the conduction characteristics existing at each 
specific time. Thus, when block occurred, local 
anodal currents from the distal inactive region would 
retard depolarization and accelerate repolarization of 
the cells just proximal to the block. Conversely, 
when conduction was barely successful, depolarizing 
current fron newly activated sites would prolong the 
action potential duration of the cells originally en- 
gaged. More recently, Mendez?” demonstrated mark- 
edly abbreviated action potentials proximal to a low 
resistance sucrose gap. 
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Evidence of reentrant activity: Our data support 
these earlier observations that long action potentials 
are recorded proximal to sites of delayed conduction 
and that low amplitude abbreviated action poten- 
tials are recorded proximal to the site of conduction 
block. During episodes of interelectrode Wenckebach 
periods, progressive prolongation of duration of the 
proximal action potential occurred. The prolongation 
was due to a second depolarization that was tempo- 
rally related to depolarization of the distal cell. 
Moreover, the amplitude of this second depolariza- 
tion increased as interelectrode conduction depres- 
sion became more marked. When interelectrode con- 
duction failed, the proximal action potential dura- 
tion was foreshortened, and the degree of foreshort- 
ening appeared to be related to the distance the 
blocked impulse traveled. If no response was elicited 
at the distal site (suggesting block of the impulse 
just beyond the proximal cell), the proximal action 
potential was considerably narrower than if the dis- 
tal cell responded with a subthreshold depolarization 
(suggesting block just proximal to the distal cell). 

These data suggest that the second depolarizations 
of the proximal cell were due to reflection of the 
slowly conducting wave front. Retrograde reactiva- 
tion of the proximal cell was favored when interelec- 
trode conduction was slow; when conduction be- 
tween recording electrodes failed near the proximal 
cell, the opportunity for reentry did not exist be- 
cause the pathway requirements for reentry were not 
present. In addition, the sudden foreshortening of 
conduction time from the stimulating to the proxi- 
mal recording electrode, implying that the pathway 
from the stimulating electrode to the proximal mi- 
croelectrode was capable of more rapid conduction, 
was immediately preceded by failure of second depo- 
larization of the proximal! cell. This finding suggests 
that reactivation of the proximal His bundle did not 
oecur and, thus, that conduction could proceed more 
rapidly because the propagating impulse did not en- 
gage tissue rendered partially refractory by a reflect- 
ed wave front. Therefcre, these data indicate that, in 
some circumstances, prolongation of action potential 
duration proximal to sites of conduction depression 
may be due to reentrant activity. When conduction 
fails immediately distal to the proximal cell, reentry 
cannot occur; hence, the configuration of the proxi- 
mal action potential will be unmodified by reentrant 
excitation. 

When conduction had been slowed sufficiently by 
the potassium-rich Tyrode solution, evidence of 
reentrant activity could be elicited, with or without 
the application of premature stimuli. Moreover, the 
range of prematurity that elicited reentrant activa- 
tion was fairly narrow. On the one hand if the pre- 


mature stimulus was applied too early after the driv- 
ing pulse, either the proximal cell failed to depolar- 
ize or the propagating wave front blocked just distal 
to the proximal cell, disallowing reentry because the 
return pathway remained refractory consequent to 
the premature impulse. On the other hand, a later 
premature impulse was conducted relatively rapidly 
down the bundle, preventing reentry by the absence 
of the necessary requirement for critically slowed 
conduction. 

Pathways of reentry: The bundle of His contains 
no grossly circuitous pathways. Therefore, if reentry 
is to occur in the bundle, the reflected impulse must, 
for at least a part of its course, traverse a pathway 
that is relatively unaffected by the primary, preced- 
ing impulse. Microanatomically the bundle of His is 
composed of longitudinally oriented Purkinje strands 
largely separated from each other by collagen sep- 
ta.21.22 Between strands there are relatively few cross- 
over connections. Our data favoring functional longi- 
tudinal dissociation of conduction do not pertain to 
the question of the significance of anatomic isolation 
of conducting pathways within the bundle. Similar 
disturbances of impulse propagation have been dem- 
onstrated in tissues in which anatomic isolation of 
pathways is not a prominent feature.?9.28.29 Never- 
theless, for reentry to occur in the bundle, there 
must exist at least two functionally separate path- 
ways differing from each other in excitability, refrac- 
toriness, ability to conduct, or a combination of 
these factors. The observation of interelectrode con- 
duction block with delayed activation of the distal 
cell by way of alternate pathways makes this possi- 
bility even more likely. 

Our experiments demonstrate that slowed conduc- 
tion in the isolated canine bundle of His can result in 
various degrees of reentry as defined. The reentering 
impulse may be reflected backward or may continue, 
after various periods of delay, to propagate in an 
orthograde direction. Depending upon the conduc- 
tion speed of the reentrant impulse, a second site of 
sufficiently slowed conduction may occur, allowing 
reentry to develop anew. Furthermore, the reentry is 
completed without participation of either the atrium 
or the A-V junction since these structures have been 
resected from the preparation. Our findings do not 
imply that the atrium or A-V junction, or both, may 
not at times be essential links in the reciprocal path- 
way. However, they suggest that reentry within the 
His bundle may provide yet another mechanism for 
reciprocal rhythm. 
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The effect of current delivered to the myocardium as either a pulse 
or train of pulses upon the recovery of excitability and upon the sub- 
sequent threshold for initiating ventricular fibrillation was studied in 
open chest dogs. Bipolar epicardial electrodes delivered current dur- 
ing the vulnerable period, and a circular array of six electrodes sur- 
rounding the central current electrode recorded the time course of 
recovery of myocardial excitability. Increasing the current intensity 
of either a pulse or train of pulses at the central site increased the 
temporal dispersion in recovery of excitability among the six periph- 
eral electrode sites. This increase in temporal dispersion was asso- 
ciated with a decrease in ventricular fibrillation threshold immediate- 
ly after the application of current. The degree of temporal dispersion 
in recovery after the train was increased by coronary occlusion but 
decreased by administration of lidocaine. Increasing the intensity of 
current delivered during the vulnerable period increases the degree 
of inhomogeneity in recovery of the myocardium until a level is at- 
tained that allows multiple asynchronous reentry and fibrillation. In- 
terventions that increase or decrease the intrinsic amounts of inho- 
mogeneity in the myocardium modify the amount of “extra inhomo- 
geneity” that the current pulses must add during a fibrillation thresh- 
old determination to bring the myocardium to a level for fibrillation. 
In this way current delivered during the vulnerable period assesses 
vulnerability to fibrillation. These experiments also suggest that the 
ventricular fibrillation threshold following premature ventricular beats 
evoked by malfunctioning cardiac pacemakers may be lower than 
that following spontaneously occurring premature beats at the same 
coupling interval. 


In 1940 Wiggers and Wegria! discovered that a single electrical pulse 
of sufficient intensity delivered to the ventricles in late systole could 
induce ventricular fibrillation. The time interval during which a 
pulse is effective in inducing fibrillation is called the vulnerable peri- 
od. Since this study there have been many reports utilizing electrical 
stimulation of the ventricles to assess vulnerability to fibrillation. 
Three major techniques have been used to assess ventricular vulner- 
ability. Wiggers and Wegria! originally used a single 10 msec pulse of 
increasing current to scan the vulnerable period until fibrillation en- 
sued. More recently Han et al.? employed a train of current pulses 
delivered during the T wave of the electrocardiogram to assess the 
fibrillation threshold of the ventricles. Sugimato et al.? used con- 
stant current 60 Hz pulses of 2 times diastolic threshold which were 
passed continuously until the successively evoked premature beats 
deteriorated to fibrillation. 
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. FIGURE 1. The technique used for determining the temporal dispersion in recovery of excitability after either a single pulse or train of 
pulses delivered during the vulnerable period. Numbers 1 through 6 indicate ventricular electrograms recorded from the circular array 
of six bipolar electrodes equidistant from a central bipolar electrode. T indicates a 100 msec timing signal. In A, the arrow at S indi- 
cates the timing of a single 10 msec pulse delivered during the vulnerable period of a basic supraventricular beat. The effective refrac- 
tory period was measured at each electrode site for the beat induced by the pulse (S). In B, similar effective refractory period mea- 
surements are shown for a beat evoked by a 100 msec train of pulses delivered during the vulnerable period of the supraventricular 


beat (between the arrows at S). See Results for further discussion. 


In the experiments reported here the properties of 
the canine heart during the passage of both single 
and multiple electrical pulses through epicardial 
ventricular electrodes were investigated. The pur- 
pose of the study was to ascertain what variables are 
measured by the technique of determining the fibril- 
lation threshold and to examine the relation between 
electrically induced fibrillation and spontaneous fi- 
brillation. 


Methods 


'The experiments were performed on eight dogs of either 
sex that were anesthetized with sodium pentobarbital 
(30/mg per kg body weight intravenously). The body tem- 
perature was monitored and maintained at 39? C using a 
thermal blanket. The lead II electrocardiogram was moni- 
tored throughout the experiments. The hearts were ex- 
posed by a right thoracotomy and the animals ventilated 
with a positive pressure respirator. The sinus node was 
crushed and intramural bipolar electrodes applied to the 
right atrium paced the heart at a constant basic cycle 
length of 380 msec. 

For determining the temporal dispersion of recovery, an 
acrylic epicardial electrode plaque containing central bi- 
polar electrodes 1 mm in diameter and separated by 3 mm 
was sutured onto the anterior surface of the right ventri- 
cle. This plaque electrode also contained six close bipolar 
electrode pairs arranged in an equally spaced circular array 
at an 8 mm radial distance from the central current elec- 
trode. Current was passed to the ventricle through the 
central bipolar electrodes during specific periods of the 
cardiac cycle. The intensity of the current was monitored 
by measuring the voltage drop across a 1,000 ohm preci- 
sion resistor arranged in series with the electrodes. The 
current was delivered either as a single 10 msec pulse or 
as a train of 10 to 12 pulses, 4 msec in duration at a fre- 
quency of 100 Hz. 

'The six electrode pairs surrounding the central current 
electrode were connected to a switch box that enabled 
each electrode pair to be used individually in either a re- 
cording or stimulating mode. In the stimulating mode test 
pulses could be delivered to determine the effective re- 


fractory period of the ventricle at each recording site using 
a technique similar to that described by Han and Moe.* 
The specific method of these measurements is presented 
in the Results section (Fig. 1). 

In another series of experiments the ventricular fibrilla- 
tion threshold (the minimal current necessary to induce 
fibrillation) was determined after activity was evoked at 
the central electrodes of the plaque. To assess the ventric- 
ular fibrillation threshold a train of 10 to 12 pulses, 4 
msec in duration at a frequency of 100 Hz, was delivered 
to the ventricle through the central electrode during the 
vulnerable period. Our technique for determining the ven- 
tricular fibrillation threshold has been described previous- 
ly.5 Further discussion of the specific method of these 
ventricular fibrillation threshold measurements is pre- 
sented in the Results section (see Fig. 4). 


Results 


Dispersion in recovery of myocardial excitabil- 
ity: Figures 1 to 3 present experiments in which the 
dispersion in recovery of myocardial excitability was 
measured after delivery of either a single electrical 
pulse or a train of pulses during the vulnerable peri- 
od of the ventricle. Figure 1 shows the method used 
to make the measurements. Myocardial activity was 
recorded using a circular array of six closely spaced 
epicardial electrodes (labeled 1 to 6 in A and B). In 
Figure 1A a single pulse 10 msec in duration was de- 
livered through a central stimulating bipolar elec- 
trode during the vulnerable period at the time indi- 
cated by S. The effective refractory period of the 
ventricular beat evoked by S was then determined at 
each successive electrode site by recording the ear- 
liest time at which a stimulus of twice diastolic 
threshold current applied at each site could evoke 
propagated activity. The vertical bars on the T 
waves of each electrogram in Figure 1A indicate the 
earliest time at which reexcitation could be evoked 
at that site. The time interval between the intrinsic 
deflection of the preceding supraventricular beat to 
the effective refractory period of the beat evoked by 
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FIGURE 2. The effect of increasing the current of a pulse or train of pulses during the vulnerable period upon the recovery interval o 
the effective refractory period (ERP). Current intensities below the threshold for evoking multiple responses were used. The abscissa in 
A is the intensity in milliamperes (mA) of a pulse delivered during the vulnerable period of a supraventricular beat. The abscissa in B is 
the intensity of a train of pulses delivered during the vulnerable period of a supraventricular beat. The ordinates are the time intervals 
between the intrinsic deflections of the supraventricular beats and the effective refractory periods of the beats evoked by a pulse (A) 


or train of pulses (B) (see Fig. 1A). 


S was measured for each electrode site. This interval 
is defined as the recovery interval of the effective re- 
fractory period and is indicated in Figure 1A for elec- 
trode 6 by the horizontal bar at the bottom of the 
figure. These same measurements were repeated at 
each electrode site during different current intensi- 
ties of the pulse at S. The data were plotted in Fig- 
ure 2A as the recovery interval of the effective refrac- 
tory period as a function of pulse intensity. 

Figure 1B illustrates similar effective refractory 
period measurements at the same six electrode re- 
cording sites after a 100 msec train of pulses 4 msec 
in duration at 100 Hz delivered to the vulnerable pe- 
riod through the central bipolar electrodes at the 
time indicated by S. In Figure 2B the data derived 
from this experiment are plotted in terms of recovery 
interval of the effective refractory period as a func- 
tion of train intensity. 

The results of Figure 2A demonstrate that as the 
current intensity of a single pulse increased there 
was also an increase in the degree of temporal dis- 
persion of recovery of excitability among the six 
measured epicardial sites. After a pulse intensity of 
2.0 milliamps (mA) the total temporal dispersion in 
effective refractory period was 35 msec (that is, the 
difference between the longest and shortest effective 
refractory period recovery interval of 372 msec and 
337 msec, respectively). When the pulse intensity 
was increased to 4.0 mA the effective refractory peri- 
od dispersion increased to 39 msec. At 6.0 mA the 
dispersion was 47 msec. This represents a change of 
34 percent in the effective refractory period disper- 
sion for a change in pulse intensity from 2.0 mA to 
6.0 mA. 

Figure 2B demonstrates the effective refractory 
period dispersion in a case in which a train of pulses 
was passed through the central electrodes during the 
vulnerable period. The total effective refractory peri- 
od temporal dispersion at 2.0 mA was 33 msec. At 
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3.8 mA it was 42 msec, and at 5.8 mA it was 47 
msec. In this case there was a 42 percent change in 
effective refractory period temporal dispersion at the 
six epicardial recording sites for a change in train in- 
tensity from 2.0 mA to 5.8 mA. It should be empha- 
sized that the maximal pulse or train intensity at 
which measurements could be made was limited by 
the occurrence of multiple responses after the evoked 
beat; multiple responses prevented determination of 
the effective refractory period. 

Figure 3 summarizes the data from the six experi- 
ments of the type shown in Figure 2. The data were 
plotted as the degree of temporal dispersion in recov- 
ery of excitability as a function of pulse or train in- 
tensity. The results demonstrate that after either a 
single pulse (Fig. 3A) or a train of pulses (Fig. 3B) 
the temporal dispersion in recovery of excitability 
tended to increase with increasing intensity of cur- 
rent. However, although there was a definite trend of 
increasing dispersion with increasing current, in 
some cases at à given intensity the temporal disper- 
sion was less than that at a lower intensity. 

Vulnerability to fibrillation and the intensity of 
current: The experiments of Han and Moe* and 
Han et al. on electrically induced ventricular fibril- 
lation have demonstrated that an increase in vulner- 
ability to fibrillation is related to an increase in dis- 
persion in the recovery of excitability among cardiac 
muscle cells. Since increasing the intensity of current 
passed during the T wave at a constant coupling in- 
terval increases the degree of inhomogeneity of recov- 
ery within the myocardium, it follows that the 


heart's vulnerability to fibrillation should likewise 


increase as the intensity of current increases. The 
technique utilized to test this hypothesis is demon- 
strated in Figure 4. 

In Figure 4A the arrow indicates a 10 msec pulse 
applied through ventricular epicardial electrodes 
during the vulnerable period. F indicates the timing 
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FIGURE 3. The effect of increasing the current of a pulse or train of pulses during the vulnerable period upon the temporal dispersion in 
recovery of excitability. Current intensities below the threshold for evoking multiple responses were used. The abscissa in A is the in- 
tensity in milliamperes of a pulse delivered during the vulnerable period of a supraventricular beat. The abscissa in B is the intensity of 
a train of pulses delivered during the vulnerable period of a supraventricular beat. The ordinates are the temporal dispersion in recov- 
ery of excitability among six epicardial electrode sites after a pulse (A) or a train of pulses (B). The temporal dispersion values were 
determined as the difference between the longest and shortest recovery interval of the effective refractory period at each current inten- 
sity from data such as shown in Figure 2. At the left of the abscissas in A and B are plotted the values for temporal dispersion in re- 
covery for normally conducted beats. Each line connects data points from the same experiment. 
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FIGURE 4. The technique for determining the fibrillation threshold of a beat evoked by a single pulse or train of pulses delivered during 
the vulnerable period of a supraventricular beat. Bipolar electrodes were used to record from the right atrium (RA) and right ventricle 
(RV) together with a lead I! electrocardiogram (lI). T indicates a 100 msec timing signal. In A, record S shows the timing of the 10 
msec pulse delivered during the vulnerable period of the supraventricular beat (at the arrow). F indicates the timing of the fibrillation 
train of pulses used to determine the fibrillation threshold of the beat evoked by the pulse at the arrow. In B, similar measurements are 
demonstrated for the case of a beat evoked by a train of pulses delivered during the vulnerable period of the supraventricular beat (be- 
tween the arrows). 
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of a 100 Hz train of 4 msec pulses passed through the 
same electrode and used to determine the ventricular 
fibrillation threshold of the beat evoked by the 10 
msec pulse at the arrew. The fibrillation threshold 
determinations were repeated after stepwise in- 
creases in the intensity of the pulse at the arrow and 
were plotted in Figure 5 as the data points connected 
by the dashed lines. Figure 4B demonstrates the 
technique of a similar experiment in which a train of 
100 Hz, 4 msec pulses was delivered during the vul- 
nerable period (bracketed by the arrows); the fibril- 
lation thresholds for evoked beats were determined 
by a second train (F). 

The threshold determinations were repeated dur- 
ing increasing current intensities of the train of puls- 
es at the arrows, and the data from these determina- 
tions are also plotted in Figure 5. The data points 
are connected by the solid lines. This figure demon- 
strates the effect of increasing the intensity of either 
a single pulse or train of pulses applied during the 
vulnerable period upon the ventricular fibrillation 
threshold. The graph includes data from two animals 
(indicated by filled circles and crosses). The dashed 
lines connect the data points for the pulse and the 
solid lines connect the data points for the trains. No- 
tice that with increasing intensity of current of either 
a single pulse or a train delivered during the vulner- 
able period the ventricular fibrillation threshold was 
decreased. 

In comparing the results for a pulse and train of 
pulses one can see that the curve for the train dips at 
intermediate current intensities whereas the fibrilla- 
tion thresholds for the pulse change in a more linear 
fashion. The myocardium was more vulnerable to fi- 
brillation after a train of pulses than after a single 
pulse of equal intensity. This is further evidence that 
the characteristic of the current delivered to the 
myocardium influences ventricular fibrillation 
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24 


FIGURE 5. The effect of increasing the current of a 
pulse or train of pulses during the vulnerable period 
upon the fibrillation threshold of the evoked beat. 
The abscissa is the current intensity in milliam- 
peres of either a pulse or train of pulses delivered 
during the vulnerable period of a supraventricular 
beat. Current intensities below the threshold for 
evoking multiple responses were used. The ordi- 
nate is the fibrillation threshold of the evoked beat 
plotted as percent of the maximal ventricular fibril- 
lation threshold (VFT) measured during the control 
state. The dashed lines present data from the pulse 
and the solid lines present data from the train of 
pulses (see Fig. 4). The graph shows superim- 
posed data from experiments on two animals (dis- 
tinguished by filled circles and crosses). The data 
were generated by random increases and de- 
creases in the intensity of the pulse or train of 
pulses. The maximal fibrillation thresholds for the 
animal indicated by the crosses were 13.8 mA after 
the pulse and 11.8 mA after the train of pulses. The 
maximal fibrillation thresholds for the animal indi- 
cated by the filled circles was 15.5 mA after the 
pulse and 6.0 mA after the train of pulses. 


28 


threshold determinations. Presumably one pulse 
from the train of pulses evoked a conducted beat; 
however, the current being passed during the other 
pulses of the train also influenced the character of 
the response. In addition because of the characteris- 
tics of the relative refractory period of the myocar- 
dium, as the intensity of the train is increased, ear- 
lier pulses of the train will evoke the premature beat. 
'This phenomenon was observed by us during the fi- 
brillation threshold determinations (Fig. 4B). This 
does not occur when a single pulse is applied at a 
constant coupling interval during the vulnerable pe- 
riod (Fig. 4A). The shorter coupling interval of the 
premature beat evoked by the train of pulses may ex- 
plain the difference between the pulse and train 
responses shown in Figure 5. 

Effects of coronary arterial occlusion and lido- 
caine on ventricular fibrillation threshold: The re- 
sults of our experiments suggest that the increasing 
dispersion in recovery (increased inhomogeneity) 
produced by the increased intensity of the current 
passed during the vulnerable period reduced the 
amount of “extra” inhomogeneity that the subse- 
quent fibrillating pulses had to add to bring the sys- 
tem to the level to produce fibrillation. Therefore, 
physiologic perturbations that modify the intrinsic 
degree of inhomogeneity within the myocardium 
would also be expected to modify the amount of 
"extra" inhomogeneity required by the current 
passed during the fibrillation threshold determina- 
tions to produce fibrillation. This possibility was 
tested by measuring the effect of two agents having 
different influences on dispersion of recovery. Coro- 
nary arterial occlusion increases inhomogeneity and 
reduces the ventricular fibrillation threshold,?-> 
whereas the intravenous injection of lidocaine has 
the opposite effect.? Because of the relatively brief 
time courses of these two interventions, reliable de- 
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at two intensities, 2.0 mA and 5.8 mA for the un- 
shaded and shaded columns, respectively. 


terminations of the degree of temporal dispersion in 
recovery necessitated using a more rapid measure- 
ment technique. In the following experiments the re- 
covery interval at each of the six electrode sites was 
determined by measuring the time from the intrinsic 
deflection of the supraventricular beat to an arbi- 
trary but constant point on the high gain T waves of 
the evoked beat. These times would correspond to 
the vertical lines on the T waves of the electrograms 
in Figure 1. This technique is based upon the fact 
that in ventricular muscle the duration of the refrac- 
tory period is directly related to the duration of the 
action potential." Figure 6 compares data derived si- 
multaneously in the same animal using these two 
techniques. Notice that both the effective refractory 
period measurements and T wave measurements 
change in the same directions during the increase in 
current intensity. The data of Figures 7 and 8 were 
obtained by measuring to a set point on the T wave - 
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of the pulses was maintained constant at 10.0 mA 
during the measurements. The electrodes used to elic- 
it fibrillation were located within the ischemic area 
produced by the occlusion. 
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to determine the recovery interval after either coro- 
nary arterial occlusion or administration of lidocaine. 
This permitted analysis of beat to beat variations in 
temporal dispersion of recovery. 

Figure 7 presents the time course of changes in the 
T wave recovery interval after occlusion of the right 
coronary artery from one of three such experiments. 
A train of pulses was passed during the vulnerable 
period, and their intensity was maintained at 10.0 
mA during the determinations. This current intensi- 
ty provided an initial total dispersion before occlu- 
sion of 45 msec. Coronary arterial occlusion was 
started at time zero. After 90 seconds of occlusion 
the temporal dispersion associated with the 10 mA 
train was increased to 67 msec; after 106 seconds the 
temporal dispersion was 82 msec. Beyond this time 
multiple ventricular beats occurring after the current 
pulse prevented the determination of recovery inter- 
vals. Ventricular fibrillation ensued at 115 seconds 
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after the beginning of occlusion. These data demon- 
strate that coronary arterial occlusion increased the 
inhomogeneity beyond that provided by the train of 
current pulses; the inhomogeneity provided by the 
occlusion when added to that of the train was able to 
produce sufficient inhomogeneity to initiate sus- 
tained reentry and fibrillation. In the absence of the 
applied current, ventricular fibrillation usually did 
not develop until after about 5 minutes of coronary 
occlusion. 

In contrast, Figure 8, recorded from another ani- 
mal, demonstrates that lidocaine, which makes the 
ventricles less likely to fibrillate, decreased the tem- 
poral dispersion in recovery. These experiments were 
repeated in three animals. A train of 1.8 mA pulses 
was passed during the vulnerable period, and this in- 
tensity of stimulation was sufficient to produce an 
initial dispersion of 18 msec. At time zero 2.0 mg/kg 
of lidocaine was injected intravenously. Four min- 
utes after injection the total dispersion was 13 msec; 
in 8 minutes it was 10 msec and in 10 minutes it was 
7 msec. These data suggest that one way lidocaine 
increases the fibrillation threshold is by its ability to 
decrease the degree of inhomogeneity in the myocar- 
dium. Therefore, the current pulses passed during 
the fibrillation threshold determinations must add a 
greater amount of "extra" inhomogeneity to bring 
the ventricles to fibrillation during administration of 
lidocaine. 


Discussion 


Ventricular fibrillation occurs when an activation 
wave front is fractionated into multiple asynchron- 
ous wavelets that conduct randomly through the 
myocardium. This state may be induced sponta- 
neously either by repetitive activation of the myocar- 
dium from a rapidly discharging focus or by reentry.® 
In either case the final common prelude to fibrilla- 
tion is sustained asynchronous reentry. Interventions 
that support reentry predispose the ventricles to fi- 
brillation.* When the times of recovery among myo- 
cardial cells are abnormally out of phase the proba- 
bility that an activation wave front meeting this in- 
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FIGURE 8. The effect of an intravenous in- 
jection of lidocaine on the temporal disper- 
sion in recovery of excitability after a train of 
pulses applied during the vulnerable period. 
The ordinate is the time interval between the 
intrinsic deflection of a supraventricular beat 
and the T wave of a beat evoked by a pulse 
train (the T wave recovery interval). The ab- 
scissa is the time after an intravenous injec- 
tion of 2.0 mg/kg lidocaine. The intensity of 
the pulses was maintained constant at 1.8 
mA for the time of the measurements. 


homogeneously excitable field will be serrated suffi- 
ciently to allow multiple asynchronous reentry and, 
therefore, fibrillation is greatly increased. 

Our experiments demonstrate that the temporal 
dispersion in the recovery of excitability after activi- 
ty evoked during the vulnerable period can be in- 
creased by increasing the intensity of current deliv- 
ered to the myocardium (Fig. 1 to 3) even when the 
coupling interval of the basic beat to premature 
stimulus is not altered. If the current is increased 
sufficiently, the inhomogeneity of the myocardial tis- 
sue through which the evoked beat must pass may 
be of sufficient magnitude to allow multiple asyn- 
chronous reentry and fibrillation to occur. Therefore, 
the technique of measuring the fibrillation threshold 
is a controlled means of adding increasing degrees of 
inhomogeneity to the myocardium until a level is 
reached at which fibrillation occurs. Conditions that 
increase the temporal dispersion of recovery (Fig. 7) 
or otherwise predispose to fibrillation decrease the 
degree of “extra inhomogeneity” that must be added 
by the current passed during a fibrillation threshold 
determination. Thus, the increased vulnerability is 
measured as a decrease in the current necessary to 
cause fibrillation. 

Mechanism of determining vulnerability by 
ventricular fibrillation threshold technique: Fig- 
ure 9 presents a conceptual summary of our conclu- 
sions concerning the mechanism of determining vul- 
nerability by the ventricular fibrillation threshold 
technique. All hearts have a certain normal degree of 
intrinsic inhomogeneity in their myocardium. This is 
reflected in the normal degree of dispersion in recov- 
ery represented at the left of Figure 9. When some 
greater degree of dispersion in recovery develops, 
then sustained reentry and fibrillation can ensue 
after a depolarization wave (shaded area at top of 
figure). The large arrow at the left represents the 
amount of current it would take during a fibrillation 
threshold determination to raise the normal degree 
of dispersion in recovery to the fibrillation level. 
During some pathologic conditions such as myocar- 
dial ischemia the intrinsic degree of dispersion in re- 
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covery already is increased above normal. The short- 
er central arrow indicates that it then requires less 
current to bring the myocardium to a fibrillation 
level. The use of agents such as lidocaine which de- 
crease the degree of dispersion in recovery requires 
more than the usual amount of current to bring the 
myocardium to a fibrillation level (right arrow). 

Properties of stimulating current and fibrilla- 
tion threshold: Experiments performed in various 
laboratories have demonstrated that passing current 
through bipolar epicardial electrodes during the T 
wave has complex effects on the myocardium. Cur- 
rent around the cathode of the electrode tends to 
depolarize adjacent cells, and cells that have recov- 
ered sufficiently after the normally conducted beat 
may be depolarized to threshold. Cells adjacent to 
the anode of the electrode tend to be hyperpolarized, 
driving the membrane potential of cells away from 
the threshold potential. After termination of anodal 
current the potential of these hyperpolarized cells re- 
bounds and may reach threshold at this time.9 In 
addition, the geometry and coupling of the electrode- 
tissue interface is complex, and some deep lying cells 
may be influenced by anodal current to produce de- 
polarization. The anode is said to be acting as a 
“virtual cathode" with regard to these cells.19 The 
intensity of the current flowing between cathode and 
anode influences the lateral spread and depth of 
penetration of the current in the myocardial wall 
and, therefore, modifies the character of the depolar- 
izing and hyperpolarizing influences. In addition, 
there is evidence that prolonged administration of 
current may induce automaticity in some cardiac 
cells?! and inexcitability in others.12 

The pattern and velocity of conduction of activity 
away from a site of stimulation is influenced by the 
aforementioned properties of the stimulating current. 
Activity is conducted in cells that have recovered 
sufficiently to conduct an action potential. In cells 
that have not fully recovered and are still partially 
depolarized from the previous activity, slowed con- 
duction occurs, and this could be of a decremental 
nature.1? Depending on the degree of recovery of dif- 
ferent cells there will be variable time from the stim- 
ulation to the onset of conducted activity (a variable 
latency).!? There can also be electrotonic spread of 
activity across inexcitable regions to bring excitable 
cells to threshold.!4 In addition, local block in con- 
duction has been shown to shorten the duration of 
action potentials in adjacent cells.!9 The pattern of 
recovery in excitability of sites around the point of 
stimulation is, therefore, complex and is dependent 
on the duration of activity and the pattern of con- 
duction of activity through an inhomogeneously ex- 
citable field of myocardial tissue. These factors are 
in part dependent on the properties of the stimulus, 
as demonstrated in Figures 2 and 3: The dispersion 
in recovery of excitability after current delivered dur- 
ing the vulnerable period is dependent on the inten- 
sity of the current. Our normal value for dispersion 
in recovery after a conducted beat ranged from 10 to 
17.5 msec. The exact degree of dispersion in recovery 
necessary to sustain fibrillation cannot be definitely 
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NORMAL MYOCARDIAL 
ISCHEMIA 
FIGURE 9. A schematic diagram describing the effect of deliv- 
ering current during the vulnerable period of the heart under 
normal conditions, myocardial ischemia and lidocaine adminis- 
tration. The ordinate is the degree of dispersion in recovery of 
excitability. The shaded area above indicates the degree of dis- 
persion in recovery which must be induced by a fibrillating train 
of pulses to bring the heart to a fibrillation level under the three 

conditions plotted on the abscissa. 


LIDOCAINE 


determined from our data. The maximal intensity of 
current at which measurements could be made was 
limited by the threshold for the occurrence of multi- 
ple responses. The threshold for multiple responses 
was below the ventricular fibrillation threshold; the 
two thresholds were not always linearly related. 
Also, although the data of Figure 3 indicate that in- 
creasing current increases the degree of temporal dis- 
persion in recovery, the values are different among 
the various experiments at the same level of pulse or 
train intensity. This variability in the measured de- 
gree of temporal dispersion probably reflects inade- 
quacies of this technique for determining these 
values and is in contrast to the consistent and stable 
values that one can obtain in different animals dur- 
ing fibrillation threshold determinations.9 During fi- 
brilation threshold determinations the actual 
amount of current required to bring the myocardium 
to a fibrillation level depends not only on the charac- 
teristics of the myocardium but also on other extra- 
neous factors such as the configuration of the current 
passing electrodes and the electrode tissue coupling. 
Therefore, “control” fibrillation values would be ex- 
pected to vary from laboratory to laboratory and 
species to species. In a given experimental prepara- 
tion, however, fibrillation thresholds are consistent, 
and relative changes in the threshold value induced 
by some intervention are an indicator of changes in 
vulnerability to fibrillation caused by the interven- 
tion. 

Clinical implications: The fibrillation threshold 
decreases with successive premature beats.?:16 In the 
experimental situation during the determination of 
the fibrillation threshold by applying a constant al- 
ternating current for a prolonged period,? the succes- 
sive ventricular responses that are induced are fol- 
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lowed by increasing dispersion until dispersion is suf- 
ficient to allow multiple asynchronous reentry and 
fibrillation. In the clinical situation of ventricular 
tachycardia degenerating to ventricular fibrillation 
the degree of dispersion in recovery reaches the fi- 
brillation level without the additional factor contrib- 
uted by electrical current. In addition, it is theoreti- 
cally possible that the temporal dispersion in recov- 
ery during severe myocardial damage could reach a 
great enough level during diastole to cause fibrilla- 
tion without being initiated by a beat falling on a T 
wave.17 

The fact that increasing the current intensity of a 
pulse applied during the vulnerable period increases 
the degree of temporal dispersion (Fig. 2) and also 


decreases the fibrillation threshold (Fig. 6) implies 
that the fibrillation threshold after an electrically in- 
duced premature beat may be lower than would be 
recorded after a spontaneous premature beat at the 
same coupling interval. In the case of a failing cardi- 
ac pacemaker, it may be more dangerous for a pace- 
maker stimulus to fali on the T wave of a pace- 
maker-induced beat than on the T wave of a sponta- 
neous beat. In any case, since the intensity of the 
current delivered to the myocardium does influence 
vulnerability, pacemaker current output should be of 
as low intensity as possible to minimize these effects. 


Acknowledgment 
We thank Mr. Ralph Iannuzzi for technical assistance. 


References 


1. Wiggers CJ, Wegria, R: Quantitative measurement of the fi- 
brillation thresholds of the mammalian ventricle with observa- 
tions on the effects of procaine. Am J Physiol 131:296-308, 
1940 

2. Han J: Ventricular vulnerability during acute coronary occlu- 
sion. Am J Cardiol 24:857—864, 1969 

3. Sugimato T, Schaal SF, Wallace AG: Factors determining 
vulnerability to ventricular fibrillation induced by 60 cps, 
alternating current. Circ Res 21:601—608, 1967 

4. Han J, Moe GK: Nonuniform recovery of excitability in ven- 
tricular muscle. Circ Res 14:44-60, 1964 

5. Spear J, Moore EN, Gerstenblith G: The effect of lidocaine 
on the ventricular fibrillation threshold in the dog during 
acute ischemia and premature ventricular contractions. Cir- 
culation 46:65-73, 1972 

6. Han J, Millet D, Chizzonitti B, et al: Temporal dispersion of 
recovery of excitability in atrium and ventricle as a function 
of heart rate. Am Heart J 71:481—487, 1966 

7. Hoffman BF, Coren DF, Wax FS, et al: Vulnerability to fibril- 
lation and the ventricular excitability curve. Am J Physiol 
167:88-94, 1951 

8. Surawicz B: Ventricular fibrillation. Am J Cardiol 28:268-287, 
1971. 

9. Brooks C McC, Hoffman BF, Suckling EE, et al: Excitability 


of the Heart. New York, Grune & Stratton, 1955, p 120-123 

10. Hoshi T, Matsuda K: Excitability cycle of cardiac muscle 
examined by intracellular stimulation. Jap J Physiol 
12:433-446, 1962 

11. Antoni H, Tagtmeyer H: Die Wirkung Starker Strome auf 
Erregungsablauf und Kontraktion des Herzmuskels. Beitr 
Ersten Hilfe Ben Unfaellen Durch Elektr Strom 4:1-21, 
1965 

12. Dudel J: Elektrophysiologische Grundlagen der Defibrillation 
und kunstlechen Stimulation des Herzens. Med Klin 
63:2089-2091, 1968 

13. Hoffman BF, Cranefield PF: Electrophysiology of the Heart. 
New York, McGraw-Hill, 1960, p 162 

14. Cranefield PF, Klein HO, Hoffman BF: Conduction of 
the cardiac impulse. |. Delay, block and one-way block in 
depressed Purkinje fibers. Circ Res 28:199-219, 1971 

15. Sasyniuk Bl, Mendez C: A mechanism for reentry in canine 
ventricular tissue. Circ Res 28:3-15, 1971 

16. Han J, Garcia de Jalon PD, Moe GK: Fibrillation threshold 
of premature ventricular responses. Circ Res 18:18-25, 
1966 

17. Dhurandhar RW, MacMillan RL, Brown KWG: Primary ven- 
tricular fibrillation complicating acute myocardial infarction. 
Am J Cardiol 27:347-351, 1971 


822 November 1973 The American Journal of CARDIOLOGY Volume 32 


Cardiac Dysrhythmias Induced by Autonomic 


Nerve Stimulation 


GILBERT R. HAGEMAN, AB* 
JACK M. GOLDBERG, BS* 
JOHN A. ARMOUR, MD 
WALTER C. RANDALL, PhD 


Maywood, Illinois 


From the Department of Physiology, Loyola 
University Stritch School of Medicine, 2160 
South First Ave., Maywood, Ill. 60153. This 
research was supported by National Institutes 
of Health Grant HL 08682. Manuscript ac- 
cepted May 2, 1973. 

*Supported as Predoctoral Trainees by 
National Institutes of Health Grant GM00999 

Address for reprints: Mr. Gilbert R. Hage- 
man, Department of Physiology, Loyola Uni- 
versity Stritch School of Medicine, 2160 
South First Ave., Maywood, III. 60153. 


Cardiac tachydysrhythmias were induced in anesthetized dogs by 
electrical stimulation of the ventral lateral cardiac nerve at the level 
of the left pulmonary veins. Electrical activity was recorded from 
seven myocardial segments including the areas near the sinoatrial 
node, anterior, middle and posterior internodal pathways, the atrio- 
ventricular (A-V) nodal region (His bundle electrogram), the right 
bundle branch and the left ventricular epicardium. Electrical stimula- 
tion of the ventral lateral cardiac nerve induced a variety of supra- 
ventricular and ventricular tachydysrhythmias. Various degrees of 
heart block were induced, second degree block rostral to the His 
bundle, and total A-V dissociation. A-V junctional rhythms, bundle 
of His pacemakers, ventricular pacemakers and Wenckebach ar- 
rhythmias were also observed. Atrial rates during the tachydysrhyth- 
mias frequently exceeded 500/min; ventricular rates sometimes ap- 
proached 350/min. The tachydysrhythmias are interpreted as arising 
from ectopic foci located in the lower right atrium-upper ventricular 
septal areas. Use of standard pharmacologic blocking agents such 
as intravenously administered atropine, propranolol and phentolam- 
ine did not abolish the induced tachydysrhythmias, but administration 
of lidocaine or procaine was effective in the termination and preven- 
tion of the dysrhythmias. The tachydysrhythmias were also induced 
in partially sympathectomized dogs, but higher voltages were re- 
quired. Neurally induced tachydysrhythmias resemble spontaneous 
arrhythmias in man, thus suggesting the possibility that arrhythmias 
in the human subject may be of autonomic nervous origin. 


The inotropic and chronotropic effects of autonomic nervous system 
stimulation in the intact canine heart have been studied extensively. 
Both the central nervous and the autonomic nervous systems have 
frequently been thought to be implicated in the genesis of cardiac 
dysrhythmias.1-3 Recently Geesbreght and Randall* and Goldberg et 
al.5 demonstrated that location of the cardiac pacemaker may be in- 
fluenced by the autonomic nervous system, and Armour et al.$ 
showed that supraventricular and ventricular tachydysrhythmias can 
be induced by local cardiac nerve stimulation. Detailed electro- 
physiologic analysis of these neurally induced dysrhythmias has not 
been reported and both their type and localization are uncertain. 
This study was undertaken to identify and classify these dysrhyth- 
mias clearly. 


Methods 


Acute experiments were performed in 15 open chest mongrel dogs of ei- 
ther sex weighing from 15 to 35 kg and anesthetized with phencyclidine hy- 
drochloride (Sernylan®), 2 mg/kg body weight, and alpha-chloralose, 80 
mg/kg (13 dogs), or sodium pentobarbital, 30 mg/kg (2 dogs). The animals 
were maintained under positive pressure respiration until total cardiopul- 
monary bypass was instituted. The cervical vagosympathetic trunks and 
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stellate ganglia were loosely ligated and in some experi- 
ments decentralized. 

Bipolar silver electrodes 1 mm apart were sutured onto 
the epicardium over the sinoatrial nodal area, the area 
over the anterior internodal pathway at the superior mar- 
gin of the right atrium and the superior border of the in- 
teratrial septum,’ and the left ventricle. While the ani- 
mals were on total carciopulmonary bypass, electrodes 
were sutured onto the endocardial surface over the area of 
the middle internodal pathway at the limbus of the fossa 
ovalis, the area of the posterior internodal pathway be- 
tween the coronary sinus and the atrioventricular (A-V) 
ring just medial to the eustachian ridge, on the A-V junc- 
tional area midway between the middle and posterior 
internodal electrodes, anc the base of the right ventricular 
papillary muscle near the right bundle branch. A Hoff- 
man-type plaque electrode with 5 pickup points was su- 
tured over the caudal end of the A-V node to record the 
inferior atrial electrical activity, His electrogram and 
upper ventricular septal electrical complex (Fig. 1). Su- 
tures for all electrodes were placed parallel to the cardiac 
fiber orientation so that minimal damage occurred to the 
conduction pathways. Electrical activity was amplified 
with Grass model P511 (1/2 amp, low frequency, 0.1 Hz; 
1/2 amp, high frquency, 30.0 KHz) or 7P5 (1/2 amp, low 
frequency 0.15 Hz; high frequency to 35 KHz) preampli- 
fiers recorded on frequency-modulated magnetic tape in 
the direct mode on a Precision Instrument Model 6100 
eight channel tape recorder. One channel of the tape was 
used for voice identification. The data were played back 
through a Tektronics 565 oscilloscope and photographed 
with a Grass Kymograph camera at a speed of 250 mm/ 
sec. Cardiac dysrhythmias were induced by electrical 
stimulation (Grass Model S5 or SD9 stimulator) of the 
ventral lateral cardiac nerve at the level of the inferior 
pulmonary vein. The ventral lateral cardiac nerve origi- 
nates at the junction of the anterior ansa and left caudal 
cervical ganglion; it courses parallel and lateral to the 


thoracic vagus and has numerous interconnections with 
it.65 
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FIGURE 1 (left). Sites of right atrial elec- 
trode placement. AIN — anterior internod- 
al pathway; AVJ = atrioventricular nodal 
junction; HIS — bundle of His; IVC — in- 
ferior vena cava; MIN = middle internod- 
al pathway; PIN = posterior internodal 
pathway; RA = right atrium; SA = sino- 
atrial node; SVC — superior vena cava. 


FIGURE 2 (right). Control depolarization 
sequence. a = lower right atrial activa- 
tion; h — bundle of His activation; RBB — 
base of the right ventricular papillary 
muscle over the right bundle branch; v — 
ventricular activation. Other abbreviations 
as in Figure 1. Time line denotes 100 
msec. 


Stimulation variables were 10 Hz, 5 msec duration, and 
0.5 to 8 v (monitored on a Hewlett-Packard 120B oscillo- 
scope). In two animals partial chemical sympathectomy 
was performed by administration of 2 doses of 0.3 mg/kg 
of reserpine 1 to 8 days before study and 1 dose of 0.5 
mg/kg 3 hours before the acute experiments. In three 
other animals upper thoracic sympathectomy was per- 
formed by surgical removal of both stellate ganglia, to- 
gether with the caudal cervical ganglia, 38 and 90 days 
before study. Catecholamine analysis?:1° verified the par- 
tial denervations. Intravenously administered atropine 
(0.5 to 1 mg/kg), propranolol (0.5 to 1 mg/kg), phentol- 
amine (1 mg/kg), 1 percent lidocaine and 2 percent pro- 
caine were employed to attempt to block the induced ar- 
rhythmias. 


Results 


Control: Figure 2 illustrates a typical control de- 
polarization sequence. The initial area of depolariza- 
tion (the pacemaker) was nearest the sinoatrial 
(S-A) nodal electrode, with spread in such a manner 
that the anterior, middle, and posterior internodal 
pathway electrodes were successively activated. Si- 
multaneously with middle internodal activation, the 
A component of the His electrogram signaled inferior 
right atrial activation. The next depolarization ap- 
peared in the His electrogram, H indicating activa- 
tion of the bundle of His. Finally, the depolarization 
sequence terminated with ventricular activation as 
indicated in the right bundle branch tracing and the 
V component of the His electrogram. The control 
A-H and H-V intervals were 40 msec for this dog; 
these values varied among animals but all were 
within accepted control ranges. 

Posterior internodal (low right atrial) pacemak- 
er: Figure 3 consists of depolarization sequences dur- 
ing a 6 volt stimulation of the ventral lateral cardiac 
nerve in a partially sympathectomized dog. In the 
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FIGURE 3. Minor dysrhythmias induced by ventral 
lateral cardiac nerve stimulation (VLCN). Abbre- 
viations and time line as in Figure 2. 


first sequence (line 1) the initial depolarization arose 
nearest the posterior internodal electrode and it 
‘spread cranially to the S-A nodal area and caudally 
through the A-V node, bundle of His and finally to 
the ventricles. The precise location of the pacemaker 
cannot be determined from these tracings, but the 
excitation appeared first at the posterior internodal 
electrode. This low posterior internodal pacemaker 
was common for this dog while the A-H interval was 
75 msec and the H-V interval was 90 msec with a 
total cycle length of 380 msec (heart rate 157 beats/ 
min). In the second sequence atrial activation was 
similar to that in the first except that the His depo- 
larization was not present indicating that either the 
depolarization bypassed the A-V node and bundle of 
His or that a ventricular ectopic focus arose just be- 
fore normal His activation. The second line was con- 
tinuous with the first (200 msec deleted), and the 
third sequence was normal. However, the fourth se- 
quence was a premature atrial depolarization associ- 
ated with initial activation from an ectopic focus 
nearest the anterior internodal electrode. The A-H 
interval was 80 msec, but the H-V interval was re- 
duced to about 30 msec. This ectopic focus predomi- 
nated for two cycles as noted again in the fifth se- 
quence (120 msec deleted between the fourth and 
fifth sequences). However, in the sixth sequence atri- 
al activation was delayed and a new ectopic focus 
arose in or near the His bundle. 

The depolarization wave spread from the His bun- 
dle caudally to the ventricles and may have spread 
cranially to the right atrium. Whether this cranial 
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spread from the His bundle to the right atrium actu- 
ally occurred cannot be determined since the normal 
right atrial pacemaker was located low in the atrium. 
Both retrograde spread from the His and a posterior 
internodal pacemaker would give the observed right 
atrial activation pattern. After the sixth cycle four 
normal sequences have been omitted. The seventh 
sequence was normal, but the eighth sequence was 
similar to the fourth, again being premature from a 
focus near the S-A and anterior internodal elec- 
trodes. Unlike the fourth sequence, however, the 
H-V interval was normal. After this last sequence 
there was a pause of 430 msec; then the normal control 
posterior internodal rhythm resumed. These abnor- 
mal depolarization sequences were attributed to a 
low voltage stimulation of the ventral lateral cardiac 
nerve in this partially sympathectomized dog. Simi- 
lar depolarization changes are frequently observed in 
control dogs with 1 v stimulation of the ventral lat- 
eral cardiac nerve. 

Bundle of His pacemaker: Figure 4 is from a con- 
tinuous record of nine depolarization sequences (100 
msec have been deleted between each sequence, and 
three intermediate sequences have been deleted) 
during a 6 v stimulation of the ventral lateral cardiac 
nerve. The first sequence represents a depolarization 
pattern with high right atrial activation, followed by 
low right atrial activation, the His electrogram, and 
finally by ventricular activation. The cycle length 
(S-A node to S-A node) was 340 msec. Stimulation 
of the ventral lateral cardiac nerve established a sec- 
ondary pacemaker in or near the bundle of His, first 
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indicated in the second sequence as an apparent 
shortening of the A-H interval. In the third and 
fourth sequences it appeared as an apparent preexci- 
tation of the ventricles.!! However, in the fifth se- 
quence the His pacemaker emerged at its faster rate. 
This His pacemaker drove the ventricles since the 
H-V interval was unchanged from control at 60 
msec. There was no retrograde conduction from this 
pacemaker to the right atrium since the latter's acti- 
vation pattern continued from the S-A node to the 
caudal areas (sequences 5 and 6). Thus, it must be 
assumed that two pacemakers were functional at this 
time, one in or near the His bundle and the other in 
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FIGURE 4. Bundle of His pace- 
maker induced by ventral lateral 
cardiac nerve stimulation (VLCN). 
Abbreviations and time line as in 
Figure 2. Guide line in first se- 
quence denotes cranial to caudal 
activation in the right atrium; guide 


line in last sequence denotes 
caudal to cranial right atrial activa- 
100 VS tion. 


or near the S-A node as a result of the ventral lateral 
cardiac nerve stimulation. However, in the last three 
sequences, the His pacemaker, with a cycle length of 
325 msec, dominated the right atrium, and the new 
activation pattern of the right atrium finally coursed 
from caudad to craniad. 

A-V dissociation with ventricular pacemaker: 
In Figure 5 the establishment of a second (ventricu- 
lar) pacemaker occurred during a 4 v stimulation of 
the ventral lateral cardiac nerve. The first sequence 
indicates initial high right atrial activation but not 
in the S-A node, with depolarization spreading 
caudally to the A-V node, bundle of His and finally 
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FIGURE 5. Ventricular pacemaker induced 
by ventral lateral cardiac nerve stimulation 
(VLCN). Abbreviations, time line and guide 
lines as in Figure 4. 
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FIGURE 6. Poststimulatory continuing tachy- 
dysrhythmia. AVJ = atrioventricular junction; 
LV = left ventricle; SA = sinoatrial node. 
Time line = 100 msec. 


to the ventricles. Stimulation of the ventral lateral 
cardiac nerve resulted in apparent A-V dissociation. 
The atrial pacemaker remained high in the right 
atrium close to the anterior internodal electrode with 
a cycle length of 430 msec. However, emergence of a 
ventricular pacemaker with a faster rate (cycle 
length 390 msec) occurred (fourth cycle) as reflected 
in the right bundle and His electrograms. Localiza- 
tion of the ventricular pacemaker is postulated to be 
high in the His-Purkinje system since the right bun- 
dle electrographic configuration changed only slight- 
ly (fifth and sixth cycles), whereas atrial excitation 
finally became retrograde (sixth cycle). 
Supraventricular tachydysrhythmia: Figure. 6 
demonstrates a post-stimulatory continuing tachy- 
dysrhythmia that was established with a 10 second 
ventral lateral cardiac nerve stimulation at standard 
parameters. The dysrhythmia had continued for more 
than 3 minutes after the stimulation ceased and this 
sequence of beats was recorded. This supraventricular 
tachydysrhythmia, initiated from a low right atrial 
focus, is the most common dysrhythmia elicited by 
ventral lateral cardiac nerve stimulation. The pace- 
maker appeared to be in the A-V node junctional 
area with cranial spread to the S-A nodal area dur- 
ing the first cycle. The cycle length was 115 msec or 
an atrial rate of 520/min. The ventricles could not 
follow and were excited at a slower rate. In the His 
electrogram (not shown here) each ventricular depo- 
larization was preceded by a His depolarization. An 
attempt to terminate this continuing dysrhythmia 
was made by stimulation of the distal cut end of the 
cervical vagus, a procedure that is effective in about 
half the continuing dysrhythmias. The record indi- 
cates that the right cervical vagal stimulation had a 
minor effect on the atrial pacemaker which contin- 
ued at its fast rate but A-V conduction was further 
decreased, as indicated by the greatly decreased ven- 
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tricular rate. Continued vagal stimulation apparent- 
ly liberated sufficient acetylcholine to induce atrial 
fibrillation, as noted in the last series. Left vagal 
stimulation terminated the dysrhythmia. 

Wenckebach rhythm: Figure 7 represents an 8 v 
stimulation of the ventral lateral cardiac nerve in a 
partially sympathectomized dog and may be consid- 
ered to show a progressing Wenckebach rhythm. The 
first cycle indicates a pacemaker near the anterior 
internodal electrode with spread to the S-A node 
and lower right atrial areas. There was a long A-H 
interval (110 msec) with a control H-V interval of 75 
msec. The second atrial depolarization was prema- 
ture and from the same anterior internodal pace- 
maker; the A-H interval was increased to 145 msec 
with no change in the H-V interval. The next atrial 
depolarization was premature with initial excitation 
in the S-A nodal area and A-H interval of 160 msec 
and again no change in the H-V interval. Finally, 
the last atrial depolarization in the top line was 
marked by initial activation near the middle inter- 
nodal electrode and the A-H interval was infinite: 
hence, a 4:3 Wenckebach rhythm. The second line of 
recordings was continuous with the first. Atrial de- 
polarizations were again initiated in or near the mid- 
dle internodal electrode location. The first A-H in- 
terval was 90 msec, the second 130 msec; the last in 
the series was infinite. The previous 4:3 Wenckebach 
rhythm had progressed to a 3:2 ratio. This 3:2 
rhythm continued for two more series which were de- 
leted and were followed by the third line. The first 
A-H interval was again 90 msec, the second infinite. 
The third was 125 msec, and the fourth infinite. 
Thus, the 3:2 Wenckebach rhythm progressed to 2:1 
heart block. Finally, an atrial pacemaker near the 
middle internodal electrode was established with a 
cycle length of 145 msec or a corresponding atrial 
rate of 413/min, as noted in the final line. 


November 1973 The American Journal of CARDIOLOGY Volume 32 827 


NEURALLY INDUCED CARDIAC DYSRHYTHMIAS—HAGEMAN ET AL. 


VLCN STIMULATION 








Discussion 

The autonomic nervous system is probably in- 
volved in the genesis of cardiac dysrhythmias al- 
though its precise role has not been determined!?; 
dysrhythmias occurring after coronary occlusion 
have also been related to the autonomic nervous sys- 
tem.12-14 Cardiac dysrhythmias can be induced by 
local cardiac nerve stimulation,® but the resulting 
dysrhythmias have not been clearly identified since 
electrical activities from the His bundle, internodal 
pathways and ventricles were not monitored. 

Normal atrial and A-V conduction: Analysis of 
the control sequence in Figure 2 indicates that the 
pacemaker can be localized within a region of the 
right atrium by the initial deflection from isoelectric 
line at the electrode positioned either anatomically 
or functionally closest to the pacemaker cells. Recent 
work from this laboratory*:.?:5 indicates that the 
right atrial pacemaker in the anesthetized, open 
chest dog is located in or close to the S-A nodal area 
approximately 70 percent of the time. This location 
was found to be under the influence of the autonom- 
ic nervous system. Stimulation of the right autonom- 
ic nerves generally shifted the pacemaker cranially 
whereas left autonomic nerve stimulation tended to 
shift the pacemaker to more caudal locations. In Fig- 
ure 2 the pacemaker was located nearest the S-A 
nodal electrode with rapid spread to the anterior 
internodal electrode area. The anterior internodal 
pathway (electrode located over Bachmann's bundle) 
is considered by some to be a preferential pathway of 
the internodal conducting pathways.7:1617 The A 
component of the His electrogram signals activation 
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FIGURE 7. Progressing Wencke- 
bach rhythms induced during ven- 
tral lateral cardiac nerve stimula- 
tion (VLCN). Abbreviations and 
time line as in Figure 2. 


of the lower right atrium and therefore occurs ap- 
proximately simultaneously with the middle and 
posterior internodal activations. Both the A-H and 
H-V intervals were estimated to be 40 msec for this 
dog. The ventricular complex of the His electrogram 
marks activation of the upper ventricular septal 
area. Activation of this area does not always reflect a 
sharp ventricular complex unless elaborate filtering is 
employed in the recording techniques. The filter set- 
tings used permit all components of the electrograms 
to be passed. Therefore the exact designation of the 
beginning of the ventricular complex is not always 
possible. However, the configuration of the ventricular 
complex was reasonably constant and a consistent 
point of the deflection was used for timing. The right 
bundle electrogram deflects simultaneously with the 
ventricular complex of the His electrogram and 
these two may therefore be used to check each other. 
The normal control A-H and H-V intervals were 
within normal ranges but varied among dogs. The 
closely contiguous bipolar electrodes used in these 
investigations were located directly over the special- 
ized conduction pathways and recorded electrical ac- 
tivities from them and their immediately adjacent 
tissues. 

Effects of ventral cardiac nerve stimulation: 
The ventral lateral cardiac nerve is a unique cardiac 
nerve in the dog in that its course is parallel to the 
thoracic vagus? with rich interconnections at the 
level of the pulmonary veins. Thus, it may contain 
both parasympathetic and sympathetic fibers. How- 
ever, stimulation of this nerve near its origin at the 
junction of the left caudal cervical ganglion and an- 
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TABLE | 


Tachydysrhythmias Induced by Electrical Stimulation of the Ventral Lateral Cardiac Nerve 
mee ee (LE LE HRS, ee RS CEA ee YNTES 


AV 
Animal Nodal AIN MIN PIN AVJ HIS Vent. Mobitz | LA 
ELA Ea ke he Ba ee a S ASI 

1 1 jee 1.5 A E SPA 0.6 25 "a 
2 6 4 4 
3 6 3 E 
4R 1 6 4 
5R 4 5 E 
6S Le 6 
7S 6 8 8 
8 1 4 Au 4 
9S s 5 4 4 

10 ved 3 5 ROM 

11 2 va 2 

12 2 As EM ys 25 

13 2 2 sae ves 2 

14 2 ae m: 1 hs 

15 aha o 4 4 3 





The electrode nearest the induced ectopic focus is indicated by the voltage required to induce a tachydysrhythmia. Dogs 4R and 5R 
were pretreated with reserpine; dogs 6S, 7S and 9S underwent prior partial surgical sympathectomy. AIN — anterior internodal path- 
way; AV = atrioventricular; AVJ = atrioventricular nodal junction; HIS = bundle of His; LA = left atrium; MIN = middle internodal 


pathway; PIN — posterior internodal pathway; Vent. — ventricle. 


terior ansa generally augments cardiac contraction. 
There may be minor increases in heart rate with ac- 
companying shifts in pacemaker location to more 
caudal regions of the right atrium or the bundle of 
His.» Dysrhythmia is only rarely generated by stimu- 
lation of this nerve at the stellate ganglion level. On 
the other hand, stimulation of this nerve at the infe- 
rior pulmonary vein frequently induces cardiac dys- 
‘thythmias. Perhaps vagal fibers within this nerve are 
necessary for induction of the dysrhythmia or it may 
be postulated that stimulation at this level has elim- 
inated most fibers to the higher right atrial areas 
and that imbalance of activation to the lower right 
atrial areas is implicated. Hence the tachydysrhyth- 
mias originated from a low right atrial focus, from 
the A-V node, bundle of His, A-V junctional areas, 
or one of the internodal pathways. Low voltage stim- 
ulation in control dogs, or higher voltages in partial- 
ly sympathectomized dogs, induced abnormal acti- 
vation patterns that arose in the A-V nodal region, 
some perhaps following bypass pathways to the ven- 
tricles (Fig. 3). $ 

Some variations in dysrhythmias due to varying 
voltages can be related to nerve fiber recruitment. At 
low voltages only a few fibers were presumed to be 
activated and thus only minor depolarization distur- 
bances resulted. However, as the stimulation voltage 
was increased and more fibers were recruited, an ec- 
topic focus low in the right atrium became the prom- 
inent feature of the tachydysrhythmias. This hy- 
pothesis is supported by experiments performed in 
partially sympathectomized dogs; dysrhythmias sim- 
ilar to those induced in control dogs were induced in 
this group only at higher stimulating voltages.9 The 
shortened H-V intervals encountered may also be 


explained by the activation of bypass fibers as de- 
scribed by James.!$ The shortened H-V intervals 
could also be due to ventricular ectopic foci occur- 
ring just before normal activation. A-V nodal block- 
ade was frequently induced by ventral lateral cardiac 
nerve stimulation, perhaps because of incorporated 
vagal components. Animals anesthetized with halo- 
genated chloralose were no more susceptible to the 
induced dysrhythmias than dogs anesthetized with 
barbiturates. 

Spread of current from the stimulating electrodes 


‘was ruled out as the source of dysrhythmias since the 


ectopic foci were predominant from the right atrium 
rather than the ventricles which were physically 
closer to the stimulating electrodes. When the elec- 
trodes touched the myocardium, fibrillation invari- 
ably resulted. Local topical application of lidocaine 
on the ventral lateral cardiac nerve prevented the 
initiation of dysrhythmias. Stimulation of this nerve 
after surgical dissection of the left atrium and left 
ventricle utilizing the Geis denervation technique!? 
failed to elicit the dysrhythmias. 

An intact central nervous system circuit is not 
necessary for neurally induced dysrhythmias since 
decentralization of the stellate ganglia and cervical 
vagi did not prevent their genesis or sustained activi- 
ty. Decentralization of the ventral lateral cardiac 
nerve removed the possibility of afferent nerves af- 
fecting the arrhythmia. This nerve contains few if 
any afferent fibers!?; thus efferent nerves are pre- 
sumed to be the initiators of the tachydysrhythmias. 

Tachydysrhythmias frequently persisted for many 
minutes after cessation of stimulation, commonly 
originating from an ectopic focus located in the lower 
right atrium. In Figure 6 this ectopic focus fired at 
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115 msec intervals or at the remarkably fast atrial 
rate of 520/min. However, the ventricles and bundle of 
His could not follow and were generally at half or 
two thirds the atrial rate. Vagal stimulation had a 
minor effect on the ectopic focus but a profound ef- 
fect on the A-V node, as indicated by decreased ven- 
tricular rates. Continued vagal stimulation frequent- 
ly led to atrial fibrillation, presumably due to release 
of excess acethycholine (Fig. 6). Stimulation of the 
left cervical vagus sometimes terminated this con- 
tinuing arrhythmia. The tachydysrhythmia usually 
ended spontaneously; administration of procaine or 
lidocaine regularly terminated it. 

Wenckebach or Mobitz type I arrhythmias oc- 
curred in which the A-H interval gradually increased 
until it became infinite (complete block). A 4:3 
Wenckebach rhythm generated by the ventral lateral 
cardiac nerve stimulation sometimes progressed to 
3:2 and 2:1 rhythms, as in Figure 7, with an ectopic 
focus in the low right atrium near the coronary 
sinus. 

The variety of tachydysrhythmias induced by elec- 
trical stimulation of the ventral lateral cardiac nerve 
are listed in Table I. The type of dysrhythmia is in- 
dicated by the voltage required to induce it. A tachy- 
dysrhythmia is listed by the electrode that was 
closest to the pacemaker as determined by the initial 
deflection from isoelectric line. An A-V nodal 
rhythm occurred when a low atrial electrode and the 
ventricular electrode depolarized at the same time 
and the depolarization was spread from A-V nodal 
areas simultaneously into the atrium and ventricles. 
The table indicates that at least one type of tachy- 


dysrhythmia was induced in each dog of our series. 
Often, more than one type of tachydysrhythmia was 
induced in a dog by varying the stimulating voltage. 
No consistent tachydysrhythmia can be determined 
other than a general shifting of the pacemaker to the 
lower right atrium-upper ventricular septal complex. 
This presumably reflects the innervation of the ven- 
tral lateral cardiac nerve to this general area. 

Effects of sympathectomy and pharmacologic 
agents: In surgically sympathectomized dogs, as 
well as in those pretreated with reserpine, higher 
voltages were required to induce the tachydysrhyth- 
mias than in control dogs. This is probably due to 
local depletion of catecholamines.® Use of standard 
pharmacologic blocking agents, atropine, propranolol 
and phentolamine, seldom affected the tachydys- 
rhythmias but administration of lidocaine (5 mg in- 
travenously) prevented them. Procaine (2 ml, 2 per- 
cent) injected into the aortic root terminated the 
tachydysrhythmias that persisted after stimulation 
had ceased. Lidocaine topically applied on the ven- 
tral lateral cardiac nerve blocked induction of the 
dysrhythmias. The resistance of neurally induced 
tachydysrhythmias to the standard sympathetic and 
parasympathetic blocking agents is puzzling. These 
dysrhythmias may result from imbalance between 
parasympathetic and sympathetic components 
across a sharply restricted myocardial segment. Suf- 
ficient concentrations of the blocking agents may not 
have occurred at the nerve terminations. The actions 
of procaine and lidocaine in preventing and eliminat- 
ing the disturbances are probably due to their ac- 
tions on the nerves and myocardium.?° 
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Myocardial transit times were derived from analysis of indicator-dilu- 
tion curves obtained selectively from coronary artery to coronary 
sinus in a series of patients with and without significantly occlusive 
coronary artery disease. Appearance, buildup, disappearance, pas- 
sage and mean transit times were measured from curves in eight 
patients with angiographically normal right coronary arteries and 
compared with data from eight patients with coronary artery disease. 
Similar comparisons of data were made between eight patients with 
no disease in the left coronary arterial system and nine patients 
with coronary artery disease. In both groups of patients with coro- 
nary artery disease, significant prolongations in transit time values 
were observed. This difference in time course of intracoronary dye 
curves between normal patients and patients with coronary artery 
disease suggests a difference in regional coronary flow patterns. 
Similar prolongation of all transit time values was observed in re- 
sponse to sublingual administration of nitroglycerin in a composite 
group of nine patients with and without coronary artery disease in 
either the right or left coronary artery. Possible mechanisms are dis- 
cussed. This method may serve as a useful adjunct in studying the 
changes in coronary blood flow that occur with coronary artery dis- 
ease and use of vasoactive drugs. 


Analysis of downstream dye-dilution curves after upstream injection 
provides blood flow information of two types: the quantitative mea- 
surement of flow utilizing accepted formulas,!-3 and various qualita- 
tive expressions including transit times and concentration ampli- 
tudes of the curve form. Since the original work of Henriques* in 
1913, several workers have applied indicator-dilution methods to the 
regional measurement of coronary blood flow both in normal patients 
and in those with coronary artery disease. Unfortunately, all efforts 
to quantify flow accurately have been unsuccessful.9-5 However, a 
promising alternative approach has been described using transcoro- 
nary circulation times as a way of evaluating the coronary system.? 
Benchimol et al.1° noted differences in transit times from coronary 
arterial dye curves sampled from the pulmonary artery in patients 
with normal and diseased coronary arteries. However, the inherent 
disadvantage in this method is the sampling error produced by any 
concomitant right-sided heart disease. The purpose of this study was 
to describe the transit times of indicator curves obtained exclusively 
across the myocardium, from coronary artery to coronary sinus, and 
to note the differences, if any, between normal and diseased circula- 
tions. 
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TABLE | 
Summary of Cases 





Coronary Arteriograms 


Case Age (yr) 2 RCA LAD LCf Collateral 
no. & Sex ECG co AoP LVEDP (% occlusion) (% occlusion) (% occlusion) Vessels Diagnosis 





Catheterization Data 








A. Patients with a Normal Right Coronary Artery 

















1 58M Old ASMI 3.1 140/80 12 Normal 75 90 None 2 vessel CAD 
2 35M Normal 5.6 110/70 7 Normal 75 Normal None 1 vessel CAD 
3 55M LAH;ST-TA 4.3 124/74 15 Normal Normal Normal None Cardiomyopathy 
4 42M Normal 1-4 208/120 14 Normal 50 Normal None 1 vessel CAD 
5 30M ST-TA 8.6 134/86 8 Normal Normal Normal None Normal 

6 56F Normal 5.8 110/60 6 Normal Normal Normal None Normal 

7 46F Normal 4.7 103/54 2 Normal Normal Normal None Normal 

8 43M ST-TA 7.5 120/70 4 Normal Normal Normal None Normal 

9 37M Old ASMI 5.8 140/86 30 Normal 100 Normal None 1 vessel CAD 
10 44F ST-TA 7.9 125/70 4 Normal Normal Normal None Normal 

B. Patients with a Significantly Occluded Right Coronary Artery 
1 49F Normal 2-3 150/90 14 75 100 90 R—L 3 vessel CAD 
12 50M Normal 3.6 144/87 10 100 90 90 R—L 3 vessel CAD 
13 56M ST-TA 4.2 122/68 4 100 50 Normal L—R 2 vessel CAD 
14 37M Old ASMI 4.1 96/58 32 75 75 90 None 3 vessel CAD 
15 41M Norma! 6.2 120/70 5 100 75 Normal R—R 2 vessel CAD 
16 43M Norma! 6.3 175/96 10 90 Normal Normal None 1 vessel CAD 
17 46M Normal 4.7 133/74 4 90 75 75 L—R 3 vessel CAD 
18 32M ST-TA 8.7 148/100 19 80 50 100 None 3 vessel CAD 
C. Patients with Norma! Left Coronary Arteries 

10 44F ST-TA 7.9 125/70 4 Normal Normal Normal None Normal 

19 53F Old ASMI 4.6 148/74 9 Normal Normal Normal None Normal 

20 59M Normal 2.9 143/82 8 Normal Normal Normal None Normal 

21 57M LVH 6.2 160/46 27 Normal Normal Normal None RHD with AS, AI 
22 40F Normal 5.5 105/60 10 Normal Normal Normal None Normal 

23 50F ST-TA 5.5 140/82 10 Normal Normal Normal None Normal 

24 52M Old DMI 5.0 130/70 2 Normal 25 Normal ‘None 1 vessel CAD 
25 34F Normal 5.7 125/80 3 Normal Normal Normal None Normal 





D. Patients with Significantly Occluded Left Coronary Arteries 





13 56M ST-SA 4.2 122/68 4 100 50 Normal L—R 2 vessel CAD 

26 47M Normal 5.0 140/80 10 50 100 Normal R—L 2 vessel CAD 

27 38M Norma! 8.1 110/62 12 Normal 100 Normal R—L 1 vessel CAD 

28 56M Norma: 3.8 120/85 7 90 90 90 L—R 3 vessel CAD 

29 39M ST-TA 5.3 140/70 6 50 90 Normal R—L 2 vessel CAD 

30 54M Normal 5.6 140/70 10 100 100 Normal R—L, 3 vessel CAD 
L—R 

31 49M Old ASMI 5.6 120/75 14 90 90 100 L—R 3 vessel CAD 

32 50M ST-TA 6.1 120/70 8 90 100 90 R—R, 3 vessel CAD 
R—L 

33 53M Old ASMI 6.3 140/85 20 50 75 Normal LoL 2 vessel CAD 


Al = aortic insufficiency; AoP = aortic pressure (mm Hg); AS = aortic stenosis; ASM! = anteroseptal myocardial infarction; CAD = 
coronary artery disease; CO = cardiac output (liters/min); DMI = diaphragmatic myocardial infarction; L = left; LAD = left anterior 
descending coronary artery; LAH = left anterior hemiblock; LCf = left circumflex artery; LVEDP = left ventricular end-diastolic pressure 
(mm Hg); LVH = left ventricular hypertrophy; R = right; RCA = right coronary artery; RHD = rheumatic heart disease; ST-TA = ST-T 
wave changes. 


Methods cedent myocardial infarction. On the basis of angiographic 

one Mataj findings, they were classified into four groups: Group I, 
normal right' coronary artery, Group Il, significantly oc- 

All patients were studied by right and left heart cathe- cluded right coronary artery (greater than 75 percent ob- 
terization and coronary cinearteriography for symptoms of struction), Group III, normal left coronary arteries, and 
typical or atypical angina pectoris with or without ante- Group IV, significantly occluded left coronary arteries 
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(greater than 75 percent obstruction). Pertinent clinical 
and catheterization findings are listed in Table I. 

Group I—normal right coronary artery (Table IA): 
Ten patients, seven male and three female, ranging in age 
from 30 to 58 years (average age 44.6 years) were studied. 
Of this group six had an abnormal resting electrocardio- 
gram, including two patients with a positive Master’s ex- 
ercise test. Catheterization studies revealed a borderline 
to low value for resting cardiac output (less than 5.5 li- 
ters/min) in three patients, systemic hypertension in one 
patient (Case 4), and a borderline to elevated level of left 
ventricular end-diastolic pressure (greater than 12 mm 
Hg) in three patients. On coronary cinearteriograms, eight 
patients had a dominant right coronary arterial system 
(Cases 1 to 8), and two (Cases 9 and 10) had a left coro- 
nary arterial dominance. In 4 patients there was occlusive 
atheromatous disease of 50 percent or greater in either the 
left anterior descending or left circumflex branch of the 
left coronary arterial system, but none of the 10 patients 
had visible collateral circulation. Three patients had minor 
abnormalities in left ventricular motion; in one, primary 
cardiomyopathy was suspected. 

Group II: significantly occluded right coronary ar- 
tery (Table IB): This group included eight patients, 
seven male and one female, ranging in age from 32 to 56 
years (average 44.3 years). Three patients had an abnor- 
mal resting electrocardiogram, and four demonstrated a 
positive Master’s exercise test. At catheterization, five 
had a resting cardiac output of less than 5.5 liters/min, 
two were hypertensive, and three had slight to marked el- 
evations in left ventricular end-diastolic pressure. On cor- 
onary cinearteriography, all eight patients had dominant 
right coronary arterial systems. All patients had signifi- 
cant obstruction (greater than 75 percent) in some portion 
of the right coronary artery, and seven of the eight pa- 
tients had concomitant disease (50 percent or greater ob- 
struction) in one or more major branches of the left coro- 
nary artery. Two patients had right to left visible collater- 
al flow, two patients had left to right collateral flow, and 
one patient had right to right filling. Ventricular motion 
was abnormal in four, and one patient had probable pa- 
pillary muscle dysfunction. 

Group III: normal left coronary arteries (Table IC): 
Eight patients, three male and five female, ranging in age 
from 34 to 59 years (average 48.6 years) were studied. Five 
patients had an abnormal resting electrocardiogram. At 
catheterization three patients had a reduced resting cardi- 
ac output, and one had an increased left ventricular end- 
diastolic pressure. All eight patients had a dominant right 
coronary arterial system. In seven of the eight patients 
there was no visible coronary artery disease in either the 
left or right coronary arterial system. The remaining pa- 
tient (Case 24) had minimal (25 percent) narrowing in the 
mid left anterior descending coronary artery and was the 
only one to demonstrate slight reduction in ventricular 
motion on ventriculograms. Because of the minimal na- 
ture of these angiographic findings, he was included in the 
group with no disease. Ventricular motion studies were 
normal in the remaining seven patients, and no patient 
demonstrated visible collateral flow. 

Group IV: significantly occluded left coronary arte- 
ries (Table ID): This group included nine patients, all 
male, with an average age of 48 years. Five patients 
showed abnormal changes in the resting electrocardio- 
gram, including two with a positive Master's exercise test, 
and four had borderline to low resting cardiac output at 
catheterization. All patients had a dominant right coro- 
nary arterial system as shown by coronary cinearteriogra- 
phy, and eight of the nine had concomitant disease (50 
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percent or greater occlusion) in the right coronary arterial 
system. All had some form of visible collateral flow, in- 
cluding four patients with left to right filling, five with 
right to left flow, and one each with right to right and left 
to left collateral flow. In six cases the coronary artery dis- 
ease was associated with impaired ventricular motion or 
mitral valve incompetence. 


Procedures at Catheterization 


All patients were premedicated with 50 to 75 mg of 
meperidine and 50 to 100 mg of pentobarbital. After ad- 
ministration of local lidocaine anesthesia, a no. 160 poly- 
ethylene catheter was placed percutaneously in the left 
brachial artery, and the right brachial artery and medial 
antecubital vein were exposed. A no. 7 or 8F Sones cathe- 
ter was introduced into the artery and advanced to the as- 
cending aorta. A 100 cm no. 7 or 8F Goodale-Lubin cathe- 
ter (internal volume 0.81 ml and 1.58 ml, respectively) 
was introduced into the vein, advanced to the right atri- 
um and placed in the coronary sinus. Venous effluent 
sampling in the coronary sinus was made from the anteri- 
or, lateral or posterior zones according to the positioning 
of Herman et al.!! Selective right and left coronary 
cinearteriograms in multiple views in both the right and 
left anterior oblique projections were obtained under con- 
tinuous electrocardiographic and brachial arterial pres- 
sure monitoring. Fifteen minutes after arteriography, the 
saline-filled Sones catheter was reinserted, and bolus in- 
jections of 0.1 to 0.3 ml indocyanine green dye (concentra- 
tion 5 mg/ml) cleared with a 3 ml saline flush were made 
selectively in either the right or left coronary artery os- 
tium. Timing for the indicator-dilution curve was begun 
at the completion of the back to back dye-flush injection, 
which was sequentially accomplished in less than 1 sec- 
ond. The catheter was immediately withdrawn after injec- 
tion to reestablish intrinsic coronary blood flow. Dye was 
sampled from the coronary sinus and passed through a 
Gilford cuvette densitometer, model 103-IR, at a constant 
withdrawal speed of 26.4 ml/min. The resultant down- 
stream dye-dilution curve was displayed on a Texas In- 
struments rectilinear recorder at a paper speed of 5 mm/ 
sec. Connection between the coronary sinus sampling 
catheter and the densitometer was made with a 44 cm 
polyethylene connector tubing with an internal volume of 
2.2 ml. 

Delay times were determined in vitro for each sampling 
system at the end of the study by dipping the catheter 
into a flask of green dye and measuring the appearance 
time through the catheter and connector tubing at the 
same withdrawal rate of 26.4 ml/min. These delay times 
were then subtracted from the appearance times of each 
indicator curve to give corrected appearance times for the 
coronary circulation. Curves in 18 of the 33 patients were 
obtained at least in duplicate. The position of both cardi- 
ac catheters was checked during and at the end of the 
study. In a subpopulation of normal subjects and patients 
with coronary artery disease, control observations were 
made, then 0.3 mg of sublingual nitroglycerin was admin- 
istered and the indocyanine green dye curves across the 
coronary vascular bed were repeated in duplicate. 

All curves were replotted on semilogarithmic paper and 
the following measurements made on each curve: 

1. Appearance time, the interval in seconds from the 
completion of injection to the instant of first dye detection 
at the sampling site. This was corrected by subtracting 
the delay time of the sampling catheter. 

2. Buildup time, the interval in seconds from the first 
detection of indicator at the sampling site to the instant 
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of maximal concentration resulting from indicator tra- 
versing the normal circulatory pathway. 

3. Disappearance time, the interval in seconds from the 
time of maximal concentration to the time when indicator 
concentration declines to 10 percent of its maximal value, 
eliminating the estimated effect of recirculated dye. 

4. Passage time, the sum of buildup and disappearance 
times. 

5. Mean transit time, the average interval in seconds 
required for indicator to travel from injection site to sam- 
pling site, calculated according to the method of Hamil- 
ton.12 

6. Peak concentration amplitude, the peak curve am- 
plitude of maximal indicator concentration at the sam- 
pling site. 

To- establish an index of sensitivity and reproducibility 
for the present catheter system, a separate series of in 


TABLE II 
Dye Curve Comparisons >- 


Duo: RE BE DIL SPI LOMTL S PC o8 
no. (sec) (sec) (sec) (sec) (sec) (mm) Site 


A. Group with a Normal Right Coronary Artery 
Dominant Right System 


3.63 4,50: 89.60, 14:10... 9233." 71 Post 
4.42- 8,25. 7.90 — 13.05. 10.22... 24 Post 
3.50 4.63 10.20 14.83 9.90 30 Post 
4.00 4.50 12.40 16.90 11.20 15 Post 
2:265 5.4:50*7*11.-85-7 16.35. 5:9.05; 7.15 Lat 

2.13 5.25 10.20 15.45 10.33 9 Lat 

350-1400: *.9710, 13.60; -9.20- 20 Post 
2.23.60? -9/50-—— 13.101 6.65" - 76 Post 


Mean 3.21 4.59 10.08 14.68 9.49 32.5 
ESEM 0.31 0.18 0.52 0.52 0.48 9.2 





Oo —-J O» C 4 C9 n9 E 














Dominant Left System 


9 4.75 6.00 8.40 14.40 6.75 4 Post 
10 5.37 7.00 17.90 24.90 14.20 4 Lat 


Mean 5.06 6.50 18.15 19.65 10.48 4.0 
ESEM 5 0,31°.92.45' "4.75, 95.25) * 973-78 0 

















B. Group with a Significantly Occluded Right Coronary Artery 
Dominant Right System 


11 3:25 8.10. 15.16. 23.26! 13.65. 74 Lat 

12 6.00 6.88 13.30 20.18 15.10 2 Post 
13 7.00 6.38 16.20 22.58 18.00 7 Post 
14 2.2864: 5.755.-32:60: 18535 {592855 — 70 Post 
15 5.50 7.00 16.10 23.10 14.50 26 Post 
16 3.50 5.00 12.00 17.00 10.30 7 Post 
17 1.75 4.88 13.80 18.68 08.8 12 Lat 
18 2.00 5.50 10.20 15.70 9.00 9 Lat 


Mean 3.91 6.19 13.67 19.86 12.34 28.8 
ESEM DE 0.397 70:747 501.02]. 1421-7 .:9:8 


NS «0.05 «0.005 «0.005 «0.05 NS 











P value 





AT — corrected appearance time; BT — buildup time; CS Site 
— position of sampling catheter in coronary sinus; DT — dis- 
appearance time; Lat = lateral; MTT = mean transit time; 
NS — not significant; P — probability; PA — peak concentration 
amplitude; Post — posterior; PT — passage time; SEM — stan- 
dard error of the mean. 
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vitro experiments were conducted using a bench model 
approximating the coronary circulation. The model con- 
sisted of two lengths of Tygon tubing placed in series with 
a 100 ml distilling flask containing a magnetic stirrer. The 
inflow end of the tubing was connected to and filled from 
a 5 liter reservoir of saline solution. The outflow end was 
left unattached :o provide an outlet for perfusate and to 
prevent recirculation. Unidirectional flow of saline solu- 
tion was established and maintained at constant flow 
rates by means of externally driven Travenol pumps 
placed at the inflow and outflow positions. Indicator-dilu- 
tion curves were performed from side ports in the tubing 
located proximal to and distal from the distilling flask, 
which served as a mixing chamber; central fluid volume 
between the side ports was kept constant at 30 ml. Vol- 
ume of indocyanine green dye and flush injectate, concen- 
tration of dye and techniques of injection and timing were 
identical to those in the patient study. Curves were gener- 
ated in quadruplicate at each of four different flow rates: 
100, 200, 300 ànd 400 ml/min, using two separate sam- 
pling systems. These included a no. 7F Goodale-Lubin 
catheter plus connector at a withdrawal speed of 26.4 ml/ 
min (present system) and an idealized system without 
distortion as defined by Milnor and Jose,!? that is, ratio of 
catheter internal volume to sampling withdrawal speed 
less than 0.5. Data for appearance, buildup and disap- 
pearance times were compared statistically. 

Comparisons between transit times and peak concentra- 
tions of various group indicator-dilution curves were ana- 
lyzed for statistical significance using paired and non- 
paired Student ¢ tests. Significance was defined as a P 
value of less than 0.05. 


Results 


Right coronary arterial injections: Comparison 
of indicator dye curves from selective green dye in- 
jections of the right coronary artery was obtained 
between patients with and without occlusive disease 
of the right coronary artery (Table II). All curves in 
both groups were smooth in contour without slurs or 
notches. Coronary anatomy was of the right domi- 
nant type in 8 of the 10 patients in the group with a 
normal right coronary artery and in all 8 patients in 
the group with disease of the right coronary artery. 
Coronary sinus sampling sites in the group with a 
normal right coronary artery were at the lateral posi- 
tion in three patients and at the posterior site in 
seven. Similarly in the group with disease of the 
right coronary artery, three patients underwent sam- 
pling at the lateral site and five at the posterior site. 
Comparison of the dye curves between normal 
subjects and patients with coronary artery disease 
and dominant right arterial systems showed signifi- 
cant delay in indicator particle transit times in the 
group with coronary artery disease. This prolonga- 
tion was reflected in comparisons of dye curve build- 
up (P «0.01), disappearance (P «0.005), passage (P 
«0.005) and mean transit times (P «0.05). Dye con- 
centration peak amplitudes averaged higher in the 
normal group but were not statistically different 
from the mean value for patients with coronary ar- 
tery disease. There was no statistical difference in 
appearance time of dye between the two groups. 

In a few instances in patients with dye curves of 
sufficient amplitude, the disappearance portion of 
the curves was separated into slow and fast compo- 
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son of curve components during the disappear- > 10b 
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nents according to previous methods.!*.15 Compari- 
son of slopes between a normal subject and a patient 
with coronary artery disease showed similar slow 
components but quite dissimilar fast components 
(Fig. 1). As reflected in the different indicator parti- 
cle half-times, dye is cleared more rapidly in the nor- 
mal pathway but delayed in the obstructed pathway. 
However, in the absence of further data it is impossi- 
ble to correlate the slopes with specific anatomic 
vascular beds. 

In the group with a normal right coronary artery, 
the two patients with dominant left arterial systems, 
that is, with perfusion of the posterior and inferior 
portions of the left ventricle from branches of the left 
coronary arterial system, were not included in the 
statistical data comparisons cited because of their 
obvious differences from the remainder of the group. 
Presumably the differences in drainage patterns of 
the right coronary artery in a dominant left arterial 
system account for the pronounced attenuation and 
dispersed curve form obtained in the coronary sinus- 
es. 

Left coronary arterial injections: Comparisons 
were similarly made on dye curves obtained from se- 
lective green dye injections of the left coronary artery 
in patients with and without occlusive disease in the 
left coronary arterial system (Table III). Sampling 


sites were approximately matched with two anterior 
and six lateral sites in the normal group and two an- 
terior, six lateral and one posterior site in the group 
with occlusion. Curve configuration in both groups 
was smooth with neither slurs nor notches. Statisti- 
cal differences were again noted between buildup (P 
«0.01), disappearance (P «0.025), passage (P «0.01) 
and mean transit times (P «0.025), but not between 
peak amplitudes or appearance times. In neither of 
the groups with coronary artery disease did the pres- 
ence of visible collateral pathways per se or the di- 
rection of collateral filling have a consistent selective 
effect on transit time values. 

Effect of nitroglycerin: A randomly selected 
group of nine patients with and without coronary ar- 
tery disease in either the right or left coronary artery 
received 0.3 mg of sublingually administered nitro- 
glycerin and the indicator curves were repeated 3 to 
5 minutes afterward. Transit times and peak concen- 
trations from these curves before and after adminis- 
tration of nitroglycerin are compared in Table IV. 
After a clear-cut nitroglycerin effect, as manifested 
by a significant increase in heart rate and decrease 
in mean aortic pressure, all transit time values were 
significantly lengthened, as compared by paired t 
test, whereas the mean peak amplitudes were re- 
duced. 
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TABLE Ill 
Dye Curve Comparisons 


A——————————————————————————————— 


Case AT BT DT PT MTT PA CS 











no. (sec) (sec) (sec) (sec) (sec) (mm) Site 
A. Group with Normal Left Coronary Arteries 
Dominant Right System 
10 3.00 4.00 8.60 12.60 8.00 101 Lat 
19 1.38 4.63 8.90 13.53 6.38 95 Lat 
20 3.66 5.00 12.30 17.30 9.91 27 Ant 
21 3.00 4.00 12.20 16.20 9.25 120 Lat 
22 2.25 5.33. 10.60 15.90 6.37 62 Lat 
23 2.25 5.00 12.50 17.50 8.75 39 Lat 
24 1.00 4.37 11.50 15.87 7.50 76 Ant 
25 1.58 5.00 10.10 15.10 7.08 80 Lat 
Mean 2.27 4.67 10.84 15.50 7.91 75 
+SEM 0.32 0.18 0.54 0.61 0.46 111 





B. Group with Significantly Occluded Left Coronary Arteries 
Dominant Right System 











13 3.25 5.00 12.30 17.30 10.00 143 Post 
26 2.63 6.13 11.10 17.20 9.63 120 Lat 
2] 1.42 6.50 14.70 21.20 9.17 64 Lat 
28 1.50 5.00 13.20 18.20 7.75 170 Lat 
29 6.25 7.00 17.80 24.80 14.25 45 Lat 
30 2.17 8.00 16.50 24.50 11.92 66 Lat 
31 3.50....6.00 — 13.45 . 19.45... 11.25 105 Ant 
32 1.62 6.00 15.00 21.00 9.62 57 Ant 
33 3.50 6.00 12.50 18.50 10.25 10 Lat 

Mean 2.87 6.18 14.06 20.24 10.43 86.6 

+SEM 07492'--6.3k 2500.75, "0:96 0:02... 14.1 

P value NS «0.01 «0.025 «0.01 «0.025 NS 





Ant = anterior; other abbreviations as in Table II. 
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FIGURE 2. Myocardial transit 
times. A, comparison of dye 
curves as a function of varying vol- 
umes of injectate. The amplitude of 
the curves relates directly with the 
amount injected while transit times 
remain relatively fixed. Coronary 
sinus sampling site was the same: 
in both determinations. B, compar- 


AT*3.5sec ison of dye curves as a function of 
rera 3 varying sampling sites. At the same 
PA: 29mm volume injectate, transit times and 


1 peak amplitudes for the anterior, 
lateral and posterior sites remain 


crees N relatively fixed. 


Comparison of sampling systems: The results of 
the in vitro sampling experiments are shown in 
Table V. As predicted, when compared to the ideal- 
ized system (internal volume/sampling rate less than 
0.5), the Goodale-Lubin catheter contained more 
distortion as reflected by the higher values for build- 
up and disappearance times. Conversely, appearance 
times were comparable after subtracting catheter 
delay time in the Goodale-Lubin system. Despite the 
increased distortion, sensitivity for the Goodale- 
Lubin system appeared to be uncompromised. Sta- 
tistical comparisons of transit time data between 
groups showed equal separation for the two sampling 
systems but at slightly lower P values of significance 
for the Goodale-Lubin system. In general, transit 
times were inversely related to flow rates in either 
system. Reproducibility of observations appeared 
similar for both sampling systems as estimated from 
the small standard error of the mean of respective 
means. 

Discussion 

Variables affecting dye-dilution curve analysis: 
The contour and configuration of dye-dilution curves 
are a function of several variables including: (1) the 
amount and concentration of indicator injected, (2) 
the dynamic response characteristics of the sampling 
system, (3) the central volume between sampling 
and injecting sites, and (4) the rate of blood flow in 
the vascular bed under study.!9 Before relating the 
observed indicator curve transit times with rate of 
blood flow in the coronary vasculature, sources of 
error introduced by the first three variables must be 
reviewed. 

Although dye concentration in the present study 
was held constant throughout, the amount of dye in- 
jected or recovered, or both, in the coronary sinus 
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Effects of Nitroglycerin 
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rr ee PCIE SIMI 


Before Administration 


After Administration 





HR S HR E 
Case  (beats/  AoP AT BT DT PT MTT PA  (beats/ AoP AT BT DT PT MTT PA 
no. min) (mm Hg) (sec) (sec) (sec) (sec) (sec) (mm) min) (mmHg) (sec) (sec) (sec) (sec) (sec) (mm) 


m ITI MI a A ———-»—»——— — — — Áo PEUPLE AR dg 





6 95 113 ^.2.13- 55.25; 10:20 . 15245. -10:33 9c 110 97 2.43 5:88: 513.70. — 19.582 271.43 13 

8 90 110 ..1:25.3,60::-9:50 - 13.10 . 6.65. 76 95 80 1.50 5.80 12.50 18.30 7.00 57 

10 70 113 «4.75 6.00 8.40 14.40 11.50 4 100 95 5.00 6:75-:719.20- ^::19795- «718.25 9 
12 90 110 6.00 6.88 13.30 20.18 15.10 25 85 70 7.50 11.50 24.40 35.90 20.30 9 
18 110 113 2.00 5.50 10.20 15.70 9.00 9 130 100 4.50 9:25. 11:80 — 17.05 — 11.25 11 
23 65 114. 2328p 200. 82:90" 12280 -.—..8:75 39 70 97 3.50 5.50 12.50 18.00 10.75 30 
25 80 100. - 325856 5.00. 10510 15:10. 5... 7.08 80 95 85 3.58 6.25: 13:30 -19:55 9.58 57 
26 75 98 . 2153:.6/13 5. 11:10- 17223: - 9:63 . 120 85 84 2.50 6.50 11.60 18.10 10.25 115 
27 80 110 1.42 6.50 14.70 21.20 9.19 64 90 92 1.75 6.75::..15.00 -i 21.75 9.50 78 
Mean 83.9 107.3 2.67 5.54 11.11 16.65 9.70 47.3 95.6 88.9 3.58 6.69 14.22 20.91 11.48 42 
zx: SEM 4.6 2.67:40:54:2-0:33:0540:67 .^ 20.89 7^:0.84 = 13:14. 5.7 3:3 0.63 0.63 1.32 1.93 1.24 12 
P value «0.01 «0.001 «0.05 «0.05 «0.05 «0.05 «0.00 NS 


—————————————————— ÁÓÉÁÁá D A Ó 


AoP = mean aortic pressure; HR = heart rate; other abbreviations as in Table II. 


TABLE V 
Sampling System Comparisons 





Flow Rates 





100 ml/min 00 ml/min 


300 ml/min 400 ml/min 





DT 








AT* 


A. no. 7F Catheters 4- Connector 


7.9 
0.2 


45.5 
2.3 


B. Catheter with V/F <0.5 
DI eo NE Pe ae IP IER LAC AE E ee Se 


Meant 
+SEM 


lal 
0.1 


* |n Group A, uncorrected for catheter delay, which was measured at 6.5 seconds. 


1 Mean values of four consecutive curves. 


V/F = ratio of internal catheter volume/sampling withdrawal rate; other abbreviations as in Table ll. 


was uncontrolled. This was dependent on the vary- 
ing selectivity of coronary artery catheterization by 
the Sones technique among patients, amount of dye 
refluxed down the aorta with bolus injection, and 
loss of labeled blood not draining to the coronary 
sinus. However, despite these differences, experimen- 
tal observations indicate that the amount of injec- 
tate acts to alter the dye curve contour through ad- 
justments in amplitude of indicator concentration, 
whereas the frequency function of transit times re- 
mains unaffected.!* This constancy was illustrated 
in our study in selected patients receiving various 
amounts of intracoronary indocyanine green dye. An 
example in one patient is shown in Figure 2A. Later- 
al spread of dye particle dispersion as expressed by 
appearance, buildup, disappearance, passage and 
mean transit times was uninfluenced by the actual 
volume of injectate, in contrast to amplitude of dye 
concentration, which was altered. Reproducibility of 
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transit time measurements between curves in those 
18 patients in whom two or more indicator studies 
were performed was also high, with average varia- 
tions of 5.3 percent for appearance times, 4.9 percent 
for buildup times and 7.3 percent for disappearance 
times. In addition, although complete mixing of indi- 
cator was probably not critical to the measuring of 
qualitative trends as in our study, Klassen et al.18 
have argued that the coronary arterial system in 
man is an adequate mixing site, a hypothesis that 
may partly explain the consistency of results. 

'The second variable affecting curve analysis is the 
dynamic response characteristics of the sampling 
system which relate both to the internal volume of 
the catheter and the rate of sampling withdrawal. In 
vitro experiments conducted in our study indicated 
that, although catheter delay and distortion were 
present when compared to an idealized system, sen- 
sitivity in distinguishing changes in flow rate was 
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equal in the two systems. Although suitable for pres- 
ent comparisons, sensitivity in future studies could 
be appreciably enhanced by using recent develop- 
ments in catheters such as fiberoptical devices with 
sensors at the distal tip. With these techniques infor- 
mation may become available concerning the proper- 
ties and response characteristics of the coronary 
microvasculature. 

The third source of error inherent in comparisons 
among patients is the variation in central volume be- 
tween dye injecting and sampling sites. As a result, 
as greater central volume is encompassed, there is 
more lateral spread or dispersion of the indicator 
curve.19 The amount of volume encompassed is de- 
pendent in each patient on the position of the sam- 
pling catheter in the coronary sinus, the size of the 
heart and its intravascular bed and the presence, if 
any, of coronary artery disease with concomitant de- 
velopment of collateral flow. Although the latter two 
factors remained uncontrolled variables in our exper- 
iment, the positioning of the coronary sinus catheter 
among patients was approximately matched with 
two lateral and six posterior sites in the group with a 
normal right coronary artery vs three lateral and five 
posterior sites in the group with right coronary ar- 
tery disease. Similarly, in the group with a normal 
left coronary artery there were two anterior and six 
lateral sites compared to two anterior, five lateral 
and one posterior site for the group with left coro- 
nary artery disease. There was no trend in the data 
suggesting any one site as the more direct or shorter 
pathway from sampling to injecting site. This is il- 
lustrated in the dye curves from one patient in whom 
the sampling site was varied (Fig. 2B). Although dif- 
ferences in transit times between groups were not ex- 
plained by sampling catheter position per se, drain- 
age patterns of the coronary sinus were important in 
one setting. Major distortion of right coronary arteri- 
al dye curves was observed in two patients with 
dominant left arterial systems (Table II). Accuracy 
in grouping of patients according to coronary arterial 
dominance is essential to avoid erroneous interpreta- 
tions of transit time data. 

A final source of error to be considered is the 
method of dye delivery, which included a bolus in- 
jection of dye, followed by saline flush. Although this 
procedure may have temporarily interrupted intrin- 
sic coronary blood flow, the impulse nature of injec- 
tion allowed for quick return of intrinsic flow as did 
the immediate removal of the injecting catheter from 
the coronary ostium. Whatever its contribution, this 
error was canceled since the same delivery technique 
was used in all patients throughout the study. 

Transit times related to coronary blood flow: 
With these errors defined it is possible to view the 
current dye curve data as representing some transfer 
function across the myocardium!? directly related to 
coronary blood flow. Any obstruction or vascular oc- 
clusion impeding coronary flow will flatten and 
widen the curve form!9 giving prolonged transit 
times, presumably either by reducing the absolute 
flow rate or by increasing the central volume. Such 
were the results in our study. Although some pa- 


tients with coronary artery disease exhibited appar- 
ently normal transit times, the majority in the 
groups with significant occlusive disease had wid- 
ened green dye curves with significantly prolonged 
transit times as compared with normal control 
subjects. The contribution of the variable collateral 
networks seen in both groups of patients with coro- 
nary artery disease was difficult to evaluate. How- 
ever, the prolonged transit times in three patients 
with coronary artery disease without demonstrated 
collateral vessels on angiograms would not support 
this mechanism as the only explanation for all tran- 
sit time changes. This does not exclude, however, 
significant changes in the myocardial microcircula- 
tion beyond the resolution of the angiographic and 
indicator techniques. 

In the recent past, coronary blood flow in man has 
been measured by many investigators?0-?8 using a 
variety of methods and techniques, but with few ex- 
ceptions the studies have not demonstrated a quan- 
titative difference in flow in patients with or without 
coronary disease. Klocke and Wittenberg?? have sug- 
gested that this may be explained by the insensitiv- 
ity of conventional methods to assess critical areas of 
underperfusion in coronary artery disease. Sullivan 
et al.15 and Klocke et al.39 have stressed the hetero- 
geneity of flow patterns in diseased states. The pres- 
ent method employing dye curve transit time analy- 
sis offers a qualitative approach to evaluating these 
pathophysiologic changes with good correlation to 
anatomic lesions viewed on cinearteriograms. It may 
also provide an approach to coronary hydraulic in- 
formation in disease states with less obstruction in 
early or mild coronary artery disease, a subject cur- 
rently under investigation. 

Evaluation of effects of nitroglycerin: A final 
consideration employing transit time analysis was in 
the evaluation of the effects of nitroglycerin on the 
coronary circulation. Exhaustive efforts in the past 
to quantify the directional effects of nitroglycerin on 
coronary blood flow in experimental animals?1-36 and 
in normal subjects and patients with coronary ar- 
tery disease have been inconclusive.?9.24.27-41 Jn- 
creases, decreases, no change or unpredictable re- 
sponses have all been reported, depending on the ex- 
perimental method and protocol. Under the condi- 
tions of our study, two possibilities are suggested by 
the flattened and widened nitroglycerin curves. Ei- 
ther coronary blood flow was absolutely diminished, 
a conclusion supported by the directional change in 
central aortic perfusion pressure, or an increase in 
coronary central volume occurred. Mechanisms to 
explain the latter change include possible coronary 
vasodilation or augmentation in the number of auxil- 
iary pathways and collateral vessels not ordinarily 
open in the coronary circulation. Visualization of 
these suspected changes has been reported recently 
by West and Guzman*! and Likoff et al.4? Which ex- 
planation is operative currently remains unclear. 
Combining this method in future studies with those 
of double isotope techniques or flowmeter recording 
may provide new insights into the pharmacodynam- 
ics of nitroglycerin in the coronary circulation. 
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Three specimens are presented showing the origin of the pulmonary 
artery anteriorly from the left ventricle, and the aorta arising com- 
pletely from the right ventricle. Both semilunar valves had muscular 
infundibulum and no fibrous continuity with any atrioventricular valve. 
The great vessels were side by side in the frontal plane and over- 
lapped in the lateral plane. The malformation is defined as "partial 
distortion of the great vessels in orthoposition" and is functionally 
analogous to transposition of the great vessels. The reasons why a 
distinction between the two entities is necessary are discussed. 


Unusual malformations of the heart are often of interest since they 
can provide insight into abnormal embryogenetic mechanisms and 
thus improve understanding of the pathology of the heart. One of the 
most stimulating fields of investigation has been that of truncoconal 
abnormalities. Experimental embryology has made little contribu- 
tion to the understanding of such cardiac malformations as, for ex- 
ample, transposition of the great vessels.! Each of the developmental 
theories to explain these anomalies is essent:ally based on the study 
of pathologic specimens. One of the most reliable methods for this 
purpose is the observation of the spectrum of variation of each em- 
bryologic unit. The truncoconal derivatives comprise one of these en- 
tities and include the arterial trunks, the semilunar valves and the 
ventricular outlets. In particular, the crista supraventricularis (more 
precisely, its parietal band) has been recognized to have conal origin. 

One of the truncoconal arrangements that has created interest and 
discussion in recent years is that characterized by a bilateral muscu- 
lar infundibulum. This anomaly, also called “partial distortion" or 
*atypical transposition," has been confused in the literature and in 
clinical practice with double outlet right ventricle. This paper de- 
scribes three specimens in which a bilateral muscular conus was 
found in association with separate origin of the great vessels from 
each ventricle. We believe that these specimens are important evi- 
dence that, with a double muscular conus, there can be normal align- 
ment of the great vessels with the ventricular septum. 


Material 


From a systematic review of 900 specimens kept in the Pathology Depart- 
ment of the Texas Children's Hospital, three cases were selected in which 
the pulmonary artery originated from the left ventricle in an anterior posi- 
tion, and the aorta arose from the right ventricle. 


Case 1: This patient died at age 8 months immediately after a palliative 
procedure consisting of bilateral banding of both pulmonary branches. The 
electrocardiogram showed extreme left axis deviation of the QRS complex. 
The specimen consisted of both lungs, great vessels and heart. The atrial 
situs was solitus, and the anatomic record describes the situs of the abdom- 
inal viscera as solitus. There were juxtaposition of the atrial appendages 
and normal venous connections. The foramen ovale was widely patent. 
There was atrioventricular (A-V) concordance, and the apex was toward 


840 November 1973 The American Journal of CARDIOLOGY Volume 32 


PARTIAL DISTORTION OF GREAT VESSELS—ANGELINI AND LEACHMAN 


the left. Both the great vessels were positioned anteriorly, 
side by side in the frontal plane. The pulmonary artery 
was slightly larger than the aorta (Fig. 1). An anterior 
coronary artery originated from an anterior cusp and de- 
scended anteriorly toward the apex. The other coronary 
ostium was posterior and gave origin to the dominant cor- 
onary vessel. The right ventricle was slightly underdevel- 
oped. The tricuspid valve was normal, with the usual an- 
terior papillary muscle. The papillary muscle of the conus 
was connected to the septum, posterior to a ventricular 
septal defect. The right aspect of the ventricular septum 
was smooth; no septal band was recognized. The size of 
the ventricular septal defect was moderately large (two 
thirds of the aortic valvular area). Its posterior aspect was 
defined by a muscular band, continuous with the muscu- 
lar tissue beneath both great vessels; anteriorly it was 
bounded by the anterior wall of the ventricles. The aorta 
arose from the right ventricle, anterior to a big muscular 
band that separated it completely from the tricuspid 
valve (Fig. 2A). The aortic valve was normal. The pulmo- 
nary veins drained normally to the left atrium. The mitral 
valve had normal papillary muscles, and its annulus was 
anteriorly implanted into a well defined muscular subpul- 
monary infundibulum. This was interrupted medially by 
the ventricular septal defect. The left aspect of the inter- 
ventricular septum had more than the usual trabecula- 
tions (Fig. 2B). The aortic arch was interrupted, and a 
patent ductus arteriosus connected the main pulmonary 
artery to the descending aorta. 

The final diagnosis was situs solitus with juxtaposition 
of atrial appendages and a patent foramen ovale. Also 
present were atrioventricular concordance, anterior ven- 
tricular septal defect, partial distortion of the great ves- 
sels in orthoposition, interrupted aortic arch and patent 
ductus arteriosus. 


Case 2: This was the heart of a 2 month old baby who 
died immediately after pulmonary arterial banding and 
atrial septectomy. The electrocardiographic QRS axis was 
normal. The clinical diagnosis was transposition of the 
great vessels and ventricular septal defect. At operation, 
the pulmonary artery was anterior and suggested the diag- 
nosis of Taussig-Bing complex. The specimen consisted of 
the isolated heart. The apex was to the left, and the atrial 
situs was normal. A surgical defect was found in the pos- 


FIGURE 2. Case 1. A, ventricular 
cavity and ascending aorta (ao). The 
probe illustrates the position of the 
ventricular septal defect. The tri- 
cuspid valve (tv) is separated from 
the aortic valve by a band of conal 
musculature (cm). B, left ventricu- 
lar cavity. The pulmonary valve is 
separated from the mitral valve 
(mv) by conal musculature (CM). 
The ventricular septal defect (vsd) 
is anterior. PA = pulmonary ar- 
tery. 





ME. o». 
FIGURE 1. Case 1. Anterior view of heart. Note the juxtaposi- 
tion of atrial appendages to the left side of the vascular pedicle. 
The aorta (AO) and pulmonary artery (PA) lie side by side. 


terior atrial septum. The foramen ovale was not patent. 
There was A-V concordance, with normal A-V valves. 
The right ventricle had typical morphologic features, with 
an anterior infundibulum, separated from the tricuspid 
valve by a muscular band. A ventricular septal defect was 
present posterior to the papillary muscle of the conus. The 
aorta arose from the right ventricle, to the right and 
slightly posterior to the pulmonary artery, which in turn 
originated from the left ventricle and was mildly dilated 
(Fig. 3A). The coronary ostia were in the posterior and 
anterior sinuses. The pulmonary venous connections were 
normal. The mitral valve had normal morphologic fea- 
tures and had two papillary muscles. Its anterior leaflet 
was attached to a muscular band separating it from the 
pulmonic valve. This latter was at the same coronal level 
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as the aortic valve and slightly anterior to it. The ventric- 
ular septal defect was located below the anterior and the 
right cusps of the pulmonary artery. The roof of the ven- 
tricular septal defect was composed of muscular tissue 
that connected the subpulmonic to the subaortic muscu- 
lature. The left ventricle was otherwise normal (Fig. 3B). 
Figure 4 illustrates the in vivo angiocardiographic relation 
between the great vessels. 

The final diagnosis was situs atriális solitus with A-V 
concordance, partial distortion of the great vessels in ortho- 
position and a small patent ductus arteriosus. 


Case 3: This was the heart of a newborn infant who 
died with "respiratory failure." The apex was directed to 
the left. There were situs solitus atrialis and A-V concor- 





FIGURE 3. Case 2. A, right lateral 
view of the right ventricular cavity 
shows the existence of a ventricu- 
lar septal cefect (arrow) posterior 
to the papillary muscle of the 
conus. A well developed conal mus- 
culature separates the aortic from 
the tricuspid valve and the ventric- 
ular septal defect. The pulmonary 
artery (banded) is shown slightly 
anterior to the aorta. B, left lateral 
view shows the left ventricular cav- 
ity, with the insertion of a normal 
anterior leaflet of the mitra! valve 
into the subpulmonary cona! mus- 
culature. The ventricular septal de- 
fect is anterior. The pulmonary ar- 
tery lies above a muscular infun- 
dibulum. 


dance. The atrial appendages were juxtaposed, and there 
was a patent foramen ovale. The A-V valves were normal. 
The great vessels had a side by side relation in the frontal 
plane (Fig. 5A). The pulmonary artery was moderately di- 
lated. The right ventricle had a prominent muscular band 
in its roof, in front of which arose the aorta (Fig. 5B). The 
coronary arteries arose from the posterior and anterior aortic 
cusps. The mitral valve was inserted anteriorly into mus- 
cular tissue, which divided it from the pulmonic valve. 
Otherwise the left ventricle was atypical only because of 
abundant septal trabeculations (Fig. 5C). The ventricular 
septal defect was in front of the papillary muscle of the 
conus but behind the conal muscular band. On the left 
ventricular side, the ventricular septal defect was located 
beneath the right and anterior cusps of the pulmonary 


FIGURE 4. Case 2. Left ventricular an- 
giograms. A, posteroanterior projection 
confirms the relation of the great vessels 
(side by side arrangement, with equally 
high position of the semilunar valves, 
shown by arrows). Note the distance be- 
tween the mitral valve (mv) and the pul- 
monic valve (white arrow). B, lateral 
view. The aorta faintly opacified by the 
contrast medium is overlapped by the pul- 
monary artery. The neck arteries are 
seen originating from the aortic arch 
(aa). ao = aorta; LV = left ventricle; pa 
= pulmonary artery. 
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valve. Mild endocardial fibrosis existed in the outflow tract 
of the left ventricle (Fig. 5C). The aortic arch had a slight 
degree of hypoplasia proximal to a patent ductus arterio- 
sus (Fig. 5A). 

The final diagnosis was situs solitus atrialis, with A-V 
concordance. Also present were juxtaposition of atrial ap- 
pendages, patent foramen ovale, ventricular septal defect, 
partial distortion of the great vessels in orthoposition, 
mild hypoplasia of the aortic arch and patent ductus 
arteriosus. 


Discussion 


These hearts are very similar to that in Becu's 
case,? interpreted by Van Praagh and collaborators? 
as “transposition of the great vessels with bilateral 
conus” (“uncommon transposition"). Becu’s and our 
three specimens have orthoposition* of the great ves- 
sels; that is, the great vessels have a normal relation 
with the interventricular septum and each artery 
arises from one side of it. 


PCH PATHOL 





FIGURE 5. Case 3. A, frontal view of 
heart showing side by side arrangement 
of the great vessels. B, right ventricular 
cavity and outflow. The prominent conal 
musculature divides the tricuspid valve 
from the aortic valve. The ventricular 
septal defect is not seen and is behind 
the conal band, anterior to the papillary 
muscle of the conus. C, left ventricular 
cavity and outlet. The trabeculations of 
the septal wall are more developed than 
normal. The mitral valve is inserted ante- 
riorly into a thick muscular band that 
separates it from the pulmonic valve and 
continues into the lateral wall of the left 
ventricle, anterosuperiorly to the anterior 
papillary muscle. The large ventricular 
septal defect lies underneath the anterior 
and right pulmonary cusps. cm = conal 
musculature; mv = mitral valve; PA = 
pulmonary artery; TV = tricuspid valve. 


A second peculiarity of this anomaly is the spatial 
relation between the great vessels, which is charac- 
terized by their side by side arrangement in the fron- 
tal view and overlapping in the lateral view. The 
third and most significant feature is the presence of 
a bilateral muscular conus, located beneath each 
semilunar valve, separating it from the correspond- 
ing A-V annulus and placing pulmonic and aortic 
valves at a similarly high coronal level (Fig. 6). The 
second and third features mentioned are those used 
to characterize a well described malformation, fre- 
quently called double outlet right ventricle, but bet- 
ter defined as double outlet right ventricle with par- 
tially distorted great arteries.9 

The external morphologic features of our cases are 
indistinguishable from those of this type of double 
outlet right ventricle. In Figure 7 the gradual transi- 
tion from double outlet right ventricle with partial 
distortion and retrocristal ventricular septal defect 
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to the present malformation is schematically shown. 
We postulate that the only difference betweeri these 
cases is a different degree of leftward shifting of the 
truncoconus. We therefore think it justified to con- 
sider our specimens as a variant of partial distortion 
of the great vessels, characterized by orthoposition of 
the arterial trunks. This is relevant from various 
points of view: It helps to define the nature of partial 
distortion; it suggests significant embryogenetic con- 
siderations; and it gives insight into the definition of 
transposition of the great arteries. 

Partial distortion of the great vessels*: This le- 
sion has not been universally recognized as an inde- 
pendent entity, mainly because it is confused with 
double outlet right ventricle. Partial distortion is a 
malformation of the truncoconus alone, and is not 
necessarily associated with a particular relation be- 
tween the great vessels and ventricles. Partially dis- 
torted great arteries are crossed in such a way that 
distally the pulmonary artery is posterior and to the 


FIGURE 6. Schematic representation of par- 
tial distortion in orthoposition. Left, frontal 
view. The ventricles are sectioned in the 
frontal plane. Center, the base of the heart, 
after excision of atria and great vessels. 
Right, resulting spiralization of the truncoco- 
nal septum. Note the conal musculature be- 
neath both semilunar valves and between 
them. A.O. = aorta; L.A. = left atrium; L.V. = 
left ventricle; M. = mitral valve; P.A. = pul- 
monary artery; R.A. = right atrium, R.V. = 
right ventricle; T. = tricuspid valve. 


left, and the aorta is anterior and to the right; proxi- 
mally the aortic infundibulum is slightly posterior 
and to the right of the pulmonary artery, both lying 
at an approximately identical level in the frontal 
view. This anatomic arrangement occurs when the 
degree of spiraling of the conotruncal septum is 
about 90°, an intermediate position between the 0° 
spiral of transposition of the great vessels and the 
180° of normally crossed great vessels (Fig. 6). This 
description refers to the usual case of d-loop hearts; 
the /-loop partial distortion would be the mirror 
image. 

Another characteristic of this malformation is the 
presence of subaortic and subpulmonary muscular 
infundibula, variable in the degree of development in 
individual cases. Both are usually either well devel- 
oped or underdeveloped. 

The position of the morphologic right and left ven- 
tricles in these specimens corresponds to that ex- 
pected from the relation of the aorta and pulmonary 


FROM DORV € PDT TO PDT IN ORTHO 





DORV T PDT in complete dextro- 
position (Type 11 VSD) 


DORV € PDT and partial overrid- 
ing of the PA (Type | VSD) VSD) 





PDT in ORTHO (usually Type II 


[Taussig-Bing Complex! 
FIGURE 7. Schematic presentation of three different heart malformations. The diagrams represent views of the base of the heart. Each 
case has the same conal morphologic features (bilateral muscular conus with side by side arrangement in the frontal view). The variable 
is the lateroposition of the pulmonary artery— completely dextroposed in the usual type of double outlet right ventricle (DORV), partially 
overriding the septum in Taussig-Bing complex and completely on the left ventricular side, in partial distortion in orthoposition. A — aorta; 
P = pulmonary artery; PDT = partial distortion of great vessels; VSD = ventricular septal defect; other abbreviations as in Figure 6. 
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artery. In this malformation the “loop rule"9 appears 
as valid as for normally crossed or transposed ves- 
sels. 

Types of truncoconal septation: These cases sup- 
port the idea that the structures derived from the 
conus cannot be used as landmarks to identify either 
the right or the left ventricle. The existence of conal 
muscular tissue is determined by the development of 
the truncoconus and not by the ventricle beneath. In 
every case in which the truncoconal septation causes 
a vessel to originate anteriorly, the conal muscu- 
lature has the opportunity to persist and develop. 
When both vessels are side by side in the frontal 
plane, there is opportunity for persistence of a bilat- 
eral muscular conus. 

The truncoconal septation, the leftward shifting of 
the truncoconal structures, and the development of 
the primitive ventricular septum are the three fac- 
tors determining the anatomic arrangement of the 
outflow tracts of the ventricles. The leftward 
shifting of the truncoconus may be inadequate (dex- 
troposition), normal (orthoposition) or excessive (le- 
voposition). The interventricular septal malpositions 
can be classified with relation to the A-V valves (es- 
sentially: double inlet right ventricle and double 
inlet left ventricle). 

As a consequence, given a normal degree of left- 
ward shifting of the truncoconus and a normal posi- 
tion of the ventricular septum, the three types of 
truncoconal septation? can cause (1) the pulmonary 
artery to originate anteriorly and from the right ven- 
tricle with a muscular infundibulum (180? spiral, 
normally crossed great vessels); (2) the aorta to orig- 
inate anteriorly and from the right ventricle with a 
muscular infundibulum (straight septum, transposed 
great vessels; or (3) the great vessels to originate side 
by side in the frontal plane, the pulmonary artery 
from the left ventricle and the aorta from the right 
ventricle, with bilateral muscular infundibula, more 
or less developed (90° spiral, partially distorted great 
vessels) (Fig. 7). 

To corroborate the fact that partial distortion has 
a proper individuality, as have normally crossed 
great vessels or transposition, it is worthwhile to 
mention that one of the very few reported cases of 
*double outlet left ventricle" is possibly one of par- 
tial distortion. In that case, described by Paul et 


al.,7 both great vessels were at the same coronal level 
originating side by side from the left ventricle and 
separated from the mitral valve and from each other 
by fibroelastic tissue (hypoplastic, possibly degener- 
ated conal tissue). This case may illustrate the exis- 
tence of partial distortion in levoposition as it is 
known in dextroposition (a type of double outlet right 
ventricle) and in orthoposition (present malforma- 
tion). 

The seven cases reported by Shaher and collabora- 
tors® as "transposition" with pulmonic stenosis and 
a muscular subpulmonic infundibulum could be ex- 
amples of partial distortion. Curiously, all four cases 
with juxtaposition of the atrial appendages in that 
series® of 23 cases of transposition had mitral- 
pulmonic discontinuity, as did two of our cases. 

In summary, we have presented three cases in 
which double muscular conus was associated not 
with dextroposition (double outlet right ventricle) 
but with orthoposition. The pulmonary artery arose 
as anteriorly as the aorta and entirely from the left 
ventricle. This anatomic arrangement resulted in 
parallel pulmonary and systemic circuits, as in clas- 
sic transposition of the great vessels. This observa- 
tion confirms that the circulatory physiology of 
transposition can be found in anatomically and em- 
bryologically unrelated types of congenital heart de- 
fects, such as isolated ventricular inversion, partial 
distortion in orthoposition and classic transposition 
of the great vessels. If transposition is simply defined 
as that condition in which the aorta arises from the 
right ventricle and the pulmonary artery from the 
left ventricle,? malformations in which the great ves- 
sels are not separated by the position of the ventric- 
ular septum (such as double outlet right or left ven- 
tricle and common ventricle) could not be classified 
with regard to the relation of the great vessels. For 
these reasons, transposition of the great vessels is 
better defined as the condition in which the aorta is 
anterior to the pulmonary artery and there is a single 
subaortic infundibulum.? 
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More cases of uremic pericarditis are successfully treated by the 
clinician as a result of improved techniques of dialysis and kidney 
transplantation. Cardiac tamponade, a further complication of uremic 
pericarditis, must be treated by pericardiocentesis. If the clinical 
condition has not been improved after pericardiocentesis, anterior 
pericardiectomy may be performed with excellent results. Peritoneal 
dialysis or hemodialysis with regional heparinization is performed as 
necessary before and after surgery to control the biochemical 
changes of uremia. During the 3 years from 1970 to 1972, nine pa- 
tients underwent anterior pericardiectomy for relief of cardiac tam- 
ponade in our institution. Seven patients made an uneventful recov- 
ery and were discharged to resume long-term intermittent dialysis; 
two of these patients later received kidney transplants. 


Cardiac tamponade in uremic pericarditis was once considered a ter- 
minal complication of uremia as described by Goodner and Brown! 
in 1956. However, since the introduction of dialysis, it has been re- 
garded as another complication that can be relieved by adequate 
treatment. A large number of patients who have cardiac tamponade 
with uremia can be successfully treated by pericardiocentesis and 
modified methods of dialysis. However, if repeated pericardiocentesis 
is not successful, surgical management is necessary. 

During the 3 years from 1970 to 1972, 27 of 181 patients on a regi- 
men of long-term renal dialysis at our institution showed signs and 
symptoms of pericarditis. Intensive dialysis alone was tried in 11 pa- 
tients with favorable results in all. Among the 16 patients who had 
cardiac tamponade, 7 were treated by pericardiocentesis alone, and 9 
underwent pericardiocentesis and pericardiectomy. This paper is 
based on the clinical management and follow-up of these nine pa- 
tients. 


Material and Method 


Nine patients with persistent cardiac tamponade secondary to uremic 
pericarditis underwent anterior pericardiectomy under general anesthesia. 
All but one were male, and their ages ranged from 27 to 66 years. The pri- 
mary diagnoses were chronic glomerulonephritis in three patients, polycys- 
tic kidney in two and nephrosclerosis in the remaining four patients. All 
but two had been receiving long-term intermittent hemodialysis for more 
than 6 months. Dyspnea, precordial pain and gradual worsening of clinical 
condition, as evidenced by altered sensorium, were the main manifesta- 
tions. Clinical signs included distended neck veins, tachycardia, enlarged 
liver, pericardial friction rub and pedal edema. Seven patients had hypo- 
tension during tamponade, whereas one patient had systolic hypertension 
owing to increased blood volume. Central venous pressure before surgery 
ranged from 18 to 28 cm of normal saline solution. Pleural effusion was bi- 
lateral in three patients and unilateral in one. Blood urea nitrogen levels 
ranged between 35 and 160 mg/100 ml, and in no way corresponded with 
the clinical condition. The electrocardiographic findings were generally 
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nonspecific. The familiar pattern of low voltage of pericar- 
ditis was seen in only two cases, the pattern of left ven- 
tricular hypertrophy and strain in four, and nonspecific 
S-T and T changes in the remaining three cases. Chest 
roentgenograms (Fig. 1) disclosed in all patients a rapid 
increase in the transverse cardiac diameter, which was 
further confirmed by simultaneous radioisotope scanning 
of the heart and lungs. 

Pericardiocentesis and pericardiectomy: As soon as a 
clinical diagnosis of pericardial tamponade was made, 
central venous pressure was constantly monitored and 
pericardiocentesis was performed. Patients who had only 
small return of fluid on pericardiocentesis but continued 
to have increased venous pressure and hypotension were 
immediately operated upon. Persons who had large 
amounts of pericardial fluid on first tapping, but contin- 
ued to have reaccumulations, underwent repeated taps. A 
decision for pericardiectomy was made if the clinical con- 
dition did not improve of if there was any sign of rapid 
reaccumulation of pericardial fluid. 

Through a small left anterolateral thoracotomy incision, 
a standard anterior pericardiectomy from one phrenic 
nerve to the other was performed in each patient with use 
of general anesthesia. Patients with hypotension showed 
rapid restoration of normal blood pressure as soon as the 
tamponade was relieved. There was also a substantial de- 
crease in central venous pressure in six of nine patients. 
Six patients had severe fibrinous pericarditis with multi- 
ple adhesions between the pericardium and epicardium; 
the pericardial fluid was loculated in several areas in 
these patients. Thick hemorrhagic pericardium with few 
loculations was seen in the remaining three patients. Cul- 
ture of the pericardial fluid did not grow bacteria, acid- 
fast organism, fungus or virus. Microscopic examination of 
the removed specimen of pericardium showed hyperplasia 
of fibrous tissue with neovascularization. Obvious myocar- 
dial involvement was seen in one patient who had exten- 
sive scarring in the left ventricle due to coronary arterio- 
sclerosis. 





t H 
FIGURE 1. Chest roentgenograms of a patient with uremic pericarditis obtained (A) at the time of cardiac tamponade and (B) 1 month 
after pericardiectomy. 


Results 

Seven patients made an uneventful recovery and 
were shortly discharged to resume chronic intermit- 
tent dialysis; two of them later received kidney 
transplants. One patient had ventricular fibrillation 
due to severe hypokalemia after hemodialysis in the 
fourth postoperative week. He was resuscitated only 
to die within a few days of severe brain damage. An- 
other patient had congestive heart failure 10 days 
postoperatively and died. At autopsy, he was found 
to have a severe degree of coronary arteriosclerosis 
with extensive scarring of the left ventricle. Cardiac 
tamponade did not recur in any of the nine patients. 
The details of the follow-up studies are shown in 
Table I. 

Comments 

Bright? in 1836 described 8 cases of pericarditis 
among 100 autopsy specimens of uremic patients. 
However, Jones-Evans? first reported hemopericar- 
dium in a patient with chronic renal failure. Barach* 
in 1922 described tapping 2,000 cc of hemorrhagic 
pericardial fluid from a patient with uremia, but he 
made no mention of pericardial tamponade. The first 
clinical description of cardiac tamponade resulting in 
the death of two uremic patients was provided by 
Goodner and Brown! in 1956. Nevertheless, the cred- 
it goes to Guild et al.5 for successful treatment by 
pericardicentesis of two patients with uremic cardiac 
tamponade. 

Prevalence: The prevalence of pericarditis in 
uremic patients ranged between 32 and 42 percent 
among patients not receiving dialysis? 5 and between 
14 and 16 percent among those receiving dialysis.9 In 
many patients with pericarditis, pericardial effusion 
may occur and present a constant risk of tamponade. 
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TABLE | 


Summary of Treatment and Follow-Up of Nine Patients with Uremic Cardiac Tamponade 


Months 
on 
Dialysis Peri- 
Age Primary Before cardio- 
Case (Yr) Renal Tampon- centeses 
no. &Sex Disease ade Signs and Symptoms (no.) 

1 43M CGN 11 Shortness of breath, precordial 2 
pain, hypotension . 

2 53M BPK 6 Shortness of breath, precordial 1 
pain, left pleural effusion, 
hypotension 

3 45M BPK 8 Shortness of breath, 2 
hypotension, edema 

4 40M CGN 18 Shortness of breath, 1 
hypotension and bilateral 
pleural effusion 

5 27M CGN 8  Precordial pain, shortness of 1 
breath, hypotension 

6 49M NSC 8 Hypotension, dyspnea, sudden 1 
unconsciousness 

7 66M NSC 0 Increased shortness of breath, 2 
precordial pain, hypotension 

8 50F NSC 2 Dyspnea, edema, hypotension, 1 
bilateral pleural effusion 

9 62M NSC 16 Shortness of breath, chest 1 


pain, bilateral pleural effusion 


Type 
Am of 
ount (cc) of i 
Pericardial Fluid Peri- 
Tapping Surgery ditis Outcome 
500 1000 FP Discharged on dialysis, underwent 
kidney transplantation. After 2 years, 
alive 
500 1200 FP Discharged on dialysis, underwent 
kidney transplantation. After 1 year, 
alive 
500 1100 FP Discharged on dialysis. Died after 4 
months 
600 1200 HP Discharged on dialysis. Died after 
3 months at home 
100 900 FP Recovered well. Presently on dialysis 
250 1000 HP Recovered from operation, had cardiac 
arrest due to hypokalemia. After 1 
month, died of severe brain damage 
400 1500 HP Died 12th postoperative day with 
severe cardiac failure 
275 1500 FP Discharged on dialysis 
600 FP Discharged on dialysis 


BPK = bilateral polycystic kidney; CGN = chronic glomerulonephritis; FP = fibrinous pericarditis; HP = hemorrhagic pericarditis; 


NSC = nephrosclerosis. 


Even though no definite mechanism for the develop- 
ment of hemorrhagic pericardial effusion has been 
described so far, bacterial and viral infections and 
biochemical changes associated with uremia, includ- 
ing bleeding diathesis, are noted to be contributing 
factors. The danger of administering heparin in the 
face of hemorrhagic pericardial effusion is under- 
standable, but the fact that cardiac tamponade oc- 
curred even before hemodialysis was started favors 
heparin only as a contributing factor. However, the 
incidence of cardiac tamponade in the series of Skov 
et al.? was only 12.5 percent when they used total 
body heparinization for hemodialysis. 

A detailed examination of the involved pericar- 
dium will show that it is extremely important for the 
clinician to know the various stages of uremic peri- 
carditis. Fibrinous pericarditis is characterized by a 
thick layer of friable fibrinous material covering the 
epicardium and inner surface of the pericardium 
with loculated hemorrhagic fluid in between. Hemor- 
rhagic pericarditis may be a complication of the for- 
‘mer, as a result of severe bleeding from the pericar- 
dial granulation tissue which shows neovasculariza- 
tion.? Constrictive pericarditis is the later stage and 
is characterized by the relatively normal size of the 
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heart and restrictive cardiac function.!9-13 Associ- 
ated myocarditis is a distinct possibility and its clin- 
ical course is often noted with prolonged cardiac fail- 
ure and arrhythmia.14.15 

Diagnosis: The diagnosis of cardiac tamponade is 
not particularly difficult to make if it is looked for in 
uremic patients. Tachycardia, rapid increase in car- 
diac silhouette, increased venous pressure and hypo- 
tension should warn the clinician of the problem. A 
pericardial scan and pericardiocentesis will further 
confirm the diagnosis. However. in some patients 
with pericarditis their clinical state further deterio- 
rates after dialysis and mimics cardiac tamponade. 
They may be challenged with fluid load because of 
the hypovolemia as the result of dialysis.19 Intrave- 
nous injection of carbon dioxide or a radiopaque dye 
will help to measure the thickness of the right atrial 
wall if a left lateral decubitus film is taken.17 In our 
experience, pericardial scan, accomplished by simul- 
taneous scanning of the heart and lung, has been re- 
warding. Pericardiocentesis is usually performed 
with use of a subxiphoid approach, although an an- 
terior third left intercostal approach can also be uti- 
lized. Insertion of a polyethylene catheter through a 
large bore needle is helpful in aspirating pericardial 
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effusion from time to time, especially if it is rapidly 
reaccummulating. 

Management: There is enough clinical and inves- 
tigative evidence to suggest that intensive hemodi- 
alysis can be helpful in the management of uremic 
pericarditis.7:9:16 Peritoneal dialysis may also be em- 
ployed with beneficial effect in patients with acute 
uremia or in those who are not candidates for a long- 
term program of hemodialysis.18:19 However, if car- 
diac tamponade is present, vigorous dialysis with 


local heparinization is to be preceded by pericardio- 
centesis. If the pericardial space is free of any locula- 
tion, repeated taps may be performed as needed. 
Nevertheless, if there is rapid reaccumulation, or if 
the pericardial fluid is loculated as seen by small re- 
turn with persistence of tamponade, surgery will be 
necessary. Anterior pericardiectomy through a thora- 
cotomy incision is well tolerated by uremic patients, 
as supported by our results, as well as those of many 
other investigators.7>9:17,20 
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An 11 year old girl, markedly cyanotic and symptomatic with double 
outlet right ventricle, infundibular pulmonic stenosis and anteriorly 
positioned aorta (Taussig-Bing variant) underwent successful surgi- 
cal correction. The procedure involved construction of a Dacron tun- 
nel from the ventricular septal defect to the aortic orifice and infun- 
dibular resection. To our knowledge an identical case with a similar 
type of surgical correction has not previously been reported. Diag- 
nostic features of double outlet right ventricle, including the Taussig- 
Bing anomaly, are discussed. Angiocardiography differentiated our 
case from complete transposition of the great arteries with pulmonic 
stenosis and from tetralogy of Fallot. 


Double outlet right ventricle indicates the anatomic situation in 
which both great arteries arise wholly from the right ventricle. The 
term was introduced by Witham! but the anatomic features were 
described earlier by several other authors.2-5 The ventricular septal 
defect was the only outlet from the left ventricle in all reported cases 
with the exception of the case of McMahon and Lipa, in which the 
only septal defect was at the atrial level. 

Neufeld et al.™-9 proposed a pathologic classification of double out- 
let right ventricle according to the location of the ventricular septal 
defect and the presence or absence of pulmonic stenosis. Of lesions 
without pulmonic stenosis, type I double outlet right ventricle is 
characterized by an infracristal ventricular septal defect, close to the 
aortic outlet so that blood from the left ventricle can be ejected di- 
rectly into the aorta; hence, no cyanosis is apparent. In type II, there 
is a supracristal ventricular septal defect under the pulmonic valve 
making direct streaming of blood from the left ventricle to the aorta 
impossible so that admixed venous and oxygenated blood is ejected 
into the aorta and some cyanosis results. Neufeld et al.1° also de- 
scribed the group of patients who have pulmonic stenosis in addition 
to double outlet right ventricle which limits pulmonary blood flow, 
causing severe cyanosis. 

In the case of double outlet right ventricle presented here, there 
were a large subpulmonic ventricular septal defect and severe infun- 
dibular pulmonic stenosis, but the additional unique feature was the 
position of the aorta directly anterior to the pulmonary artery. This 
alignment of the great arteries and their relation to the ventricular 
septal defect resembles that seen with the anatomic features of 
Taussig-Bing malformation." 
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Case Report 


The patient, a Puerto Rican girl born on August 19, 1958, 
was the product of a normal full-term pregnancy; birth 
weight was 7 1/2 lb. Cyanosis was noted at birth and be- 
came more intense during infancy. Growth and develop- 
ment were near normal. Exercise tolerance was limited; 
squatting began at age 2 years. There were no "spells" or 
symptoms of congestive failure. 

At age 2 years, 5 months she underwent her first cardiac 
catheterization, which demonstrated systemic pressure in 
the right ventricle and severe pulmonic stenosis by 
cineangiocardiography. Premature filling of the aorta from 
the right ventricle was noted. The data were judged con- 
sistent with tetralogy of Fallot, although transposition of 
the great arteries with pulmonic stenosis was also consid- 
ered. One month later (February 1962) a left subclavian- 
left pulmonary artery anastomosis was performed. Her 
general condition improved, the cyanosis decreased and 
there was a slight increase in exercise tolerance. 

During the next few years severe cyanosis returned. A 
second cardiac catheterization at age 7 years (July 1965) 
demonstrated double outlet right ventricle with severe in- 
fundibular and mild valvular pulmonic stenois (Table I). 
A perplexing feature was the markedly anterior position of 
the aorta. 
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TABLE | 
Findings at Second Cardiac Catheterization, July 1965* 








Oxygen 
Saturation Pressures 
(96) (mm Hg) 
Superior vena cava 67 
Inferior vena cava 59 fes 
High right atrium 66 a=6;v=4 
Mid right atrium 65.20 
Low right atrium 65.30 Nite 
Right ventricle, body 72.80 75/5t 
Right ventricular 90.80 33/10 
infundibulum 
Main pulmonary artery 91 22/4 
Left ventricle 93 68/10 
Femoral artery 78 aes 
Ascending aorta 64/38+ 


Hematocrit 70% 





* Course of catheter: right ventricle to left ventricle; right 
ventricle to aorta; right ventricle to main pulmonary artery. 
+ These pressures were not recorded simultaneously. 


FIGURE 1. Cineangiograms. A, anteroposterior view. Catheter is shown in the right ventricle (RV) from the inferior vena cava through 
the tricuspid valve (TCV). The injection shows filling of both the aorta (Ao) and pulmonary artery (PA). Valve levels are indicated by 
the arrows. The right coronary artery (rca) is seen filling from the aorta. B, left anterior oblique view. The catheter is in the right ventri- 
cle and the injection outlines the entire chamber. Arrows show the ventricular septum; both the aorta and pulmonary artery arise 
from the right ventricle. The left ventricle (LV) is posterior to the area of the septum. In addition to the double outlet right ventricle, the 
aorta arises anterior to the pulmonary artery, indicating a transposition of the great arteries. 
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FIGURE 2. Electrocardiogram. The tracings show right axis de- 
viation (mean QRS axis +135), a tall peaked P wave in lead II, 
tall R in V; and dominant S waves in the left precordial leads. 


A third cardiac study to delineate the anatomy was per- 
formed at age 11 years (1969) when her deteriorating clini- 
cal condition required an attempt at surgical intervention. 
This study (Fig. 1) suggested that total correction might 
be feasible by directing left ventricular flow through a 
prosthesis to the aorta and by resecting the infundibulum. 

Physical examination at the time of operation showed a 
weight of 67 lb and a height of 55 inches. Vital signs were 
normal. The child was a fairly well developed, well nour- 
ished but severely cyanotic 11 year old girl in no acute 
distress. The chest was symmetrical, and there was a tho- 
racotomy scar on the left side. Examination of the heart 
showed the left ventricular impulse to be in the fifth in- 
tercostal space just outside the midclavicular line. A 
parasternal impulse and a systolic thrill were felt along 
the lower left sternal border. The first sound was normal, 
the second single and loud; a grade 4/6 harsh holosystolic 
murmur was heard along the lower left sternal border, and 
a grade 2/6 continuous murmur was audible at the left 


base. The hematocrit was 73 percent. The electrocardio- 
gram (Fig. 2) showed regular sinus rhythm, right axis de- 
viation and right atrial and right ventricular hypertrophy. 
The chest roentgenogram (Fig. 3) revealed a slightly in- 
creased cardiothoracic ratio with downward displacement 
of the rounded apex; pulmonary vascularity was within 
normal limits. 

Open heart surgery was performed on October 21, 1969. 
The anterior location of. the aorta arising from the right 
ventricle was identical to that seen with complete trans- 
position (Fig. 4). The pulmonary artery was to the left 
and partly posterior; it was of moderate size, about two 
thirds the diameter of the aorta. An anomalous anterior 
descending coronary artery, 3 mm in diameter, crossed 
the surface of the right ventricle near the pulmonic annu- 
lus. After cardiopulmonary bypass was established, the 
previous left Blalock-Taussig anastomosis was ligated. 

The interior of the right ventricle was unusual. There 
was a huge ventricular septal defect, almost 4 cm in di- 
ameter, in the upper portion of the septum, and the septal 
leaflet of the tricuspid valve attached to its posterior rim. 
The mitral valve was widely visible in the left ventricle. 
Both atria and ventricles and the mitral and tricuspid 
valves were normally formed. The opening to the pulmo- 
nary artery was severely stenosed and a small posterior in- 
fundibular chamber lay adjacent to the ventricular septal 
defect. The upper margin of the ventricular septal defect 
was immediately adjacent to the stenosed pulmonary os- 
tium. The aortic ostium was anterior. Initially the infun- 
dibular chamber was resected, exposing the pulmonic 
valve which could be seen only with difficulty. No signifi- 
cant valvular obstruction was encountered. 

After resection of the infundibular obstruction, ready 
entry could be made through the pulmonic valve to both 
the right and left pulmonary arteries. A tunnel of knitted 
Dacron® was then constructed approximately 5 cm in cir- 
cumference from the ventricular septal defect to the aortic 





FIGURE 3. (left) Chest roentgenogram. The apex is displaced inferiorly and to the left. The ascendin 
terial branches and the peripheral pulmonary vascular markings are near normal. 


g aorta is dilated. The pulmonary ar- 


FIGURE 4. (right). Operative photograph demonstrating the dilated aorta arising anteriorly from the right ventricle. The pulmonary artery 
is located posteriorly, partially hidden by the aorta. PA = pulmonary artery; RV = right ventricle. 
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ostium. Initially sutures were placed along the posterior 
rim of the septal defect extending through the base of the 
septal leaflet of the tricuspid valve to avoid the conduc- 
tion tissue. At the point where the margins of the ventric- 
ular septal defect and the pulmonary outflow tract were 
adjacent, the patch was in apposition so that the final 
construction was not a cylinder but a tube narrowed at its 
midportion (Fig. 5). Proximally the patch was attached 
around the margins of the ventricular septal defect. Dis- 
tally it was attached around the aortic annulus. Great 
care was taken to widely resect the anterior wall of the 
right ventricle so that flow through the outflow tract ante- 
rior to the tunnel into the pulmonary artery would not be 
obstructed. After bypass, the following pressures (in milli- 
meters of mercury) were recorded: left ventricle 90/5; 
aorta 90/60; right ventricle 35/5; pulmonary artery 25/10. 
These values indicated adequacy of the tunnel lumen and 
only minimal residual right outflow tract obstruction. At 
the completion of the repair transient complete heart 
block was noted. 

The patient’s early postoperative course was complicat- 
ed by congestive heart failure requiring vigorous digitalis 
and diuretic therapy. Intermittent atrioventricular A-V 
dissociation, 2:1 A-V block and first degree block devel- 
oped but normal sinus rhythm returned on the 9th post- 
operative day. However, on the 11th postoperative day 
complete heart block returned and persisted. Six weeks 
later a permanent transthoracic epicardial pacemaker was 
inserted. 

During the next few months the patient showed pro- 
gressive clinical improvement and 6 months after opera- 
tion, she returned to school. Three years postoperatively 
she is doing well and has good exercise tolerance. Her 
color is excellent, and the hematocrit is 43 percent. She 
attends regular class in school. 


Discussion 


Taussig and Bing! originally described a case of 
“complete transposition of the aorta and a levoposi- 
tion of the pulmonary artery.” A large subpulmonic 
ventricular septal defect was present. Van Praagh!? 
subsequently redescribed their original specimen as 
one of the types of double outlet right ventricle with 
both subaortic and subpulmonic conus, the aortic 
and pulmonic valves lying side by side at approxi- 
mately the same level, and the dilated pulmonary 
artery overriding the ventricular septal defect. How- 
ever, the pulmonary valve did not override the left 
ventricular cavity; the ventricular septal defect was 
not confluent with the pulmonary valve because the 
subpulmonary conal free wall musculature formed 
the roof of the ventricular septal defect. The pulmo- 
nary-mitral valve fibrous continuity observed in 
complete transposition of the great arteries was not 
present. 

In the Taussig-Bing malformation the ventricular 
septal defect is high and located just below the pul- 
monic valve. The left ventricle ejects blood directly 
through the ventricular septal defect into the main 
pulmonary artery, and the aorta receives blood from 
the right ventricle. These features physiologically re- 
semble the circulation in transposition of the great 
arteries. Cyanosis due to arterial desaturation is al- 
ways present, and the pulmonary arterial blood con- 
tains a higher oxygen content than the aorta. The 


DOUBLE OUTLET RIGHT VENTRICLE—AGARWALA ET AL. 





FIGURE 5. Diagram of the transventricular tunnel constructed 
at operation to transmit blood from the left ventricle through the 
ventricular septal defect to the aorta, without obstructing the 
right ventricular outflow tract. Because of the anatomic ab- 
normality, the prosthesis was narrowed to form a tube in its mid- 
portion, constituting a transventricular graft, one end of which was 
connected to the ventricular septal defect and the other to the 
annulus of the aortic valve. L.A. = left atrium; L.V. = left ven- 
tricle; Pulm. a. — pulmonary artery; R.A. — right atrium; R.V. 
— right ventricle. 


right ventricular pressure is always at systemic lev- 
els. The pulmonary vascular disease is usually severe 
in this malformation possibly because of high oxygen 
content in the pulmonary artery and direct systemic 
pressure from the left ventricle. Pulmonic stenosis is 
a rarely associated lesion.!3 

The clinical findings associated with the usual 
Taussig-Bing anomaly include cyanosis of various 
degrees of severity, clubbing, early congestive heart 
failure and markedly reduced exercise tolerance. 
Squatting is infrequent, and “‘spells” do not occur. A 
loud holosystolic murmur sometimes with a thrill 
and an accentuated narrowly split second heart 
sound are audible. The electrocardiogram is of little 
help in differential diagnosis, usually showing right 
axis deviation and right ventricular hypertrophy; ad- 
ditional left ventricular hypertrophy may be present. 
The chest roentgenogram usually shows increased 
heart size with a dilated main pulmonary artery and 
pulmonary vascular plethora. 

Angiographic studies are crucial in differentiating 
double outlet right ventricle with subpulmonic ven- 
tricular septal defect (Taussig-Bing anomaly) from 
other malformations. Contrast material injected into 
the right ventricle fills both great arteries simulta- 
neously, the aorta opacifying more than the pulmo- 


November 1973 The American Journal of CARDIOLOGY Volume 32 853 


DOUBLE OUTLET RIGHT VENTRICLE—AGARWALA ET AL. 


nary artery. The left ventricular injection demon- 
strates the ventricular septal defect and filling of 
both great arteries, the main pulmonary artery being 
more opacified than the aorta. In the posteroanterior 
view both great arteries lie side by side, the aorta 
lying to the right of the main pulmonary artery; in 
the lateral view they are superimposed. The pulmo- 
nary and aortic valves lie at the same level, and the 
aortic valve is anterior to the ventricular septum. 

The diagnosis of Taussig-Bing anomaly is usually 
difficult in living patients. The conditions from 
which this malformation must be differentiated in- 
clude all cyanotic congenital cardiac abnormalities 
with increased pulmonary blood flow, such as com- 
plete transposition of the great arteries with ventric- 
ular septal defect, Type I truncus arteriosus, single 
ventricle with or without transposition, large ven- 
tricular septal defect with Eisenmenger complex, 
total anomalous pulmonary venous drainage, com- 
mon atrium and, rarely, tricuspid atresia with a 
large ventricular septal defect. When the Taussig- 
Bing malformation is further complicated by pul- 
monic stenosis, the clinical features resemble those 


of tetralogy of Fallot or complete transposition of the 
great arteries with pulmonic stenosis. This was true 
in our case. Angiocardiography is of crucial impor- 
tance in differentiating these conditions. 

Surgical treatment of the Taussig-Bing malforma- 
tion is complicated. Kirklin et al.14 and Hightower et 
al.15 reported that in this situation they found it fea- 
sible to repair the ventricular septal defect so that 
the left ventricular blood is ejected into the pulmo- 
nary artery and to provide for intraatrial transposi- 
tion of venous return. They had success in three such 
cases. In our case, complicated by infundibular ob- 
struction, a different approach was used. After wide 
infundibular resection, direct exit of blood from the 
left ventricle to the aorta was achieved. This appears 
to be an alternate method of repair. 

The occurrence of complete heart block was an un- 
fortunate complication. Its transient occurrence in 
the operating room had led us to believe that it was 
not due to suture placement. Replacement of critical 
sutures with greater care to prevent tension of the 
patch around the margins of the ventricular septal 
defect might have prevented this problem. 
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One of the longest living survivors of the Blalock-Taussig shunt is a 
patient with a complex form of cyanotic congenital heart disease, in- 
cluding a single ventricle (anatomically right), d-loop, anterior aorta, 
pulmonary valvular and subvalvular stenosis and anomalous pulmo- 
nary venous return to a common atrial chamber. A Blalock shunt 
was performed at age 21 months, a Potts anastomosis at age 9 
years, and an 8 mm Dacron shunt was added between the ascend- 
ing aorta and the pulmonary artery at age 24 years. The patient's 
arterial oxygen saturation level of 86 percent and his relative well- 
being and active life at age 26 years suggest that sequential aorto- 
pulmonary shunting with increasing age is desirable in some patients 
with complicated heart disease and severe polycythemia. 


Long-term follow-up studies on the early shunt operations in pa- 
tients with tetralogy of Fallot have shown a gratifying number of pa- 
tients living active, useful lives.1 Indeed, more than 50 of the ap- 
proximately 500 patients who lived 15 to 20 years after an initial 
Blalock-Taussig shunt were working in the leading professions. An 
additional 60 patients were completely self-supporting. Late results 
of the shunt operation in other cyanotic patients with decreased pul- 
monary blood flow have been less satisfactory. Fewer of these pa- 
tients have survived and although some are doing well, many have 
severe cyanosis even after further surgical treatment.” 

This report concerns a 26 year old student with a single ventricle, 
transposition of the great vessels, pulmonary stenosis and an anoma- 
ly of venous return. A palliative shunt was first performed at age 21 
months, a second shunt at age 9 years and a third at age 24. In 1972, 
18 months after the third operation, he was leading an active life. 


Case Report 


The patient was a 26 year old man born on January 3, 1946. At age 21 
months, because of increasing cyanosis and attacks of unconsciousness, he 
underwent a right Blalock-Taussig shunt procedure performed by Blalock. 
Cyanosis had been noted initially at age 6 weeks; by age 5 months the pa- 
tient had experienced intermittent episodes of unconsciousness and a con- 
vulsion. Physical examination then demonstrated a large, healthy infant 
with mild cyanosis which became quite intense with crying. A systolic mur- 
mur, heard over the precordium, was maximal in the third left interspace; 
there was no thrill. The spleen was not palpable. Fluoroscopic studies re- 
vealed a concavity in the region of the pulmonary artery, decreased pulmo- 
nary vascularity and elevation of the apex compatible with a diagnosis of 
tetralogy of Fallot. Electrocardiographic studies disclosed right axis devia- 
tion and right ventricular hypertrophy (Fig. 1). The infant’s red blood cell 
count was 7.5 million/mm?; hematocrit was 59 percent and hemoglobin 
17 g/100 ml. 

Marked polycythemia continued, and at age 21 months blood studies re- 
vealed a hemoglobin of 19.5 g/100 ml, hematocrit of 65 percent, and a red 
cell count of 8.72 million/mm?. No Howell-Jolly bodies were present. Club- 
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FIGURE 1. Electrocardiogram showing right axis deviation and 
right ventricular hypertrophy. 


bing was beginning to appear, and episodes of uncon- 
sciousness continued. Accordingly, a right Blalock-Taussig 
shunt was performed and resulted in dramatic improve- 
ment. Postoperative studies revealed a moderate increase 
in the pulmonary vascular markings (Fig. 2), a red blood 
cell count of 6.7 million/mm? and hemoglobin of 15.2 
g/100 ml. 

At age 9 years, increasing breathlessness on exertion 
and progressive cyanosis and polycythemia required a fur- 
ther shunt operation; a Potts anastomosis was performed 
and resulted in good symptomatic relief. Cardiac cathe- 
terization at age 12 revealed a “right” ventricular pressure 
90/0 mm Hg, oxygen saturation 84 percent; ascending 
aortic arch pressure 90/60 (mean 75) mm Hg, oxygen sat- 
uration 83 percent; main pulmonary arterial pressure 
22/10 (mean 16) mm Hg, oxygen saturation 87 percent; 











: y s-i 3 EN z £i 
FIGURE 2. Chest roentgenogram after initial right Blalock- 
Taussig anastomosis in 1947. 


mean pulmonary arterial wedge pressure 8 mm Hg; oxy- 
gen saturation of femoral arterial blood 78 percent. 

Because of increasing symptoms. the patient was restud- 
ied in 1961. Physical examination showed a normal-sized 
young adult with marked cyanosis of uniform distribution 
and clubbing of fingers and toes. There were well healed 
bilateral thoracotomy incisions, and venous pulses and 
wave forms were normal; arterial pulsation was normal. Ex- 
amination of the heart disclosed forceful ventricular pul- 
sation, but no palpable thrill. A grade 3/4 continuous 
murmur was heard all over the precordium and was maxi- 
mal in the fourth intercostal space at the left sternal bor- 
der; the second heart sound was single. The electrocardio- 
gram showed a pattern of severe right ventricular hyper- 
trophy, and the chest X-ray film revealed moderate cardi- 
ac enlargement with increased pulmonary vascularity. 


FIGURE 3. Angiocardiogram ob- 
tained in 1961. Posteroanterior (A) 
and lateral (B) views. 
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Cardiac catheterization at this time showed a ventricu- 
lar pressure of 122/0 and an aortic pressure of 147/70 mm 
Hg; arterial oxygen saturation was 72 percent. Angiograms 
revealed a patent Potts and a patent right Blalock anasto- 
mosis (Fig. 3). The single ventricle was anatomically 
right. The pulmonary artery and aorta both arose from a 
single ventricle and the vessels were “transposed.” Pulmo- 
nary valvular stenosis was present as well as subvalvular 
conal obstruction and anomalous pulmonary venous re- 
turn to a common atrium. No right juxtaposition of the 
atrial appendages was noted. 

In 1970 the patient was readmitted because of further 
diminution of exercise tolerance and recurrent severe 
headaches. Results of the physical examination at this 
time were basically unchanged. Clinical evidence of con- 
tinuing patency of the two shunt operations remained. 
Significant laboratory values were as follows: hematocrit 
70 percent, hemoglobin 23 g/100 ml, arterial pressure of 
oxygen (PO2) 34 mm Hg (oxygen saturation 66 percent), 
carbon dioxide pressure (PCOz2) 32 mm Hg and pH 7.43. 
Moderate enlargement of the heart and increased pulmo- 
nary vascularity were seen on the chest roentgenogram. 

A shunt operation was proposed since the patient had 
moderate cyanosis and the two shunts were functioning in- 
adequately. The patient refused operation and phlebot- 
omy was performed on three occasions, causing a de- 
crease in the hematocrit to 53 percent but no appreciable 
change in arterial blood gas tension. 

Partial symptomatic improvement occurred, but within 
6 months severe symptoms returned. In February 1971 an 
additional shunt between the pulmonary artery and the 
aorta was undertaken to improve the blood supply to the 
lungs. 

At operation, the heart chambers were moderately en- 
larged. The ascending aorta was anterior and very large 
and the small pulmonary artery lay posterior and lateral 
to the aorta. The superior and inferior venae cavae emp- 
tied into a single atrium immediately anterior to the en- 
trance of the pulmonary veins; no left atrium could be 
identified by an interatrial groove, although a rudimenta- 
ry structure posterior to the left pulmonary artery may 
have represented a remnant of a left atrial appendage. An 
8 mm Dacron® graft was sutured between the proximal 


TABLE | 





Dacron aortopulmonary graft and a diminutive left atrial append- 
age to the left of the pulmonary artery. 


pulmonary artery 2.5 cm above the pulmonary valve to 
the aorta (Fig. 4). Test occlusion of this new shunt caused 
a sudden reduction in PO from 116 to 66 mm Hg. With 
the shunt patent, systemic blood pressure decreased 10 
mm Hg and atrial pressure increased 2 cm H20. It was 
judged that this was the maximal shunt the patient would 
tolerate. 

Postoperatively atrial pressure was maintained between 
16 and 20 cm H20. Recovery was uneventful after healing 
of a superficial wound suppuration. At the time of dis- 
charge his PO; was 46 mm Hg (oxygen saturation 83 per- 
cent) and the hematocrit 47 percent. 

Twenty months after discharge the patient was attend- 
ing college, and his exercise tolerance had considerably 
improved. On physical examination there was evidence 
that all three shunts remained patent. Digitalization and 
diuretic agents were no longer needed and no dietary re- 
strictions had been made. Blood gas determinations 
showed the following: PO? 51 mm Hg (oxygen saturation 
81 percent), pH 7.35, PCO2 27 mm Hg, and hematocrit 53 
percent. 


Serial Determinations: Hematocrit, Arterial Saturation and Forearm Blood Flow 














Arterial 02 Forearm Blood Plasmanate 
Hemoglobin Hematocrit Saturation Bloodflow Withdrawn Infused 

Date (g) (9$) (9$) (ml/100 g of tissue) (ml) (ml) 
4/7/70 23.1 70 69 1.59 ds Sa 
4/8/70 RR ae 75 E 400 500 
4/9/70 20.0 63 e 1.52 as 
4/10/70 19.4 57 78.5 1.97 500 300 
4/13/70 bee 55.5 79.6 2.35 400 250 
4/15/70 eee 49.5 66 2.06 
6/9/70 MW 65 73 2.29 
11/16/70 ATE 7 71 2.31 
2/26/71 Operation: Aortopulmonary Dacron shunt 
3/23/71 13.8 43.5 83.5 1.68 
5/26/71 17.0 54 i. 2.81 
3/15/72 ss 55 85.4 2.28 
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Discussion 


Common or single ventricle with its associated 
anomalies comprises 1 to 2 percent of congenital 
heart diseases.? Although isolated instances of 
long-term survival have been reported,® this is un- 
usual and, when it occurs, is directly related to the 
anatomy of the pulmonary outflow tract. Pulmonary 
stenosis, usually valvular, has been reported in 25 
percent and pulmonary atresia in 20 percent of pa- 
tients with and without surgical treatment." 

Diagnosis: The precise diagnosis in this patient 
cannot be unequivocally stated. The differential di- 
agnosis includes cor biloculare, present in 25 percent 
of the patients with single ventricle. Common atrio- 
ventricular (A-V) canal is probably ruled out by the 
results of the ventricular injection, which showed no 
insufficiency, although exceptions occur. Double out- 
let left ventricle is ruled out on the basis of the elec- 
trocardiogram and the angiogram which revealed an 
anteriorly located ventricle in direct continuity with 
the right atrium. Double outlet right ventricle with a 
rudimentary left atrium, mitral atresia and rudimen- 
tary left ventricle could have been present, but the 
angiogram failed to show a separate, even diminutive 
left ventricular chamber. 

The most likely diagnosis is single ventricle 
(anatomically right), d-loop and large atrial septal 
defect along with multiple associated anomalies con- 
sisting of partial anomalous pulmonary venous re- 
turn, anterior aorta, rudimentary left atrial append- 
age and subpulmonic conus obstruction as well as 
pulmonic stenosis. 

'The patient never presented with evidence of pul- 
monary venous obstruction, and there were no How- 
eli-Jolly bodies suggestive of asplenia. 

Aortopulmonary shunt procedures: In this pa- 
tient, severe symptoms, progressive cyanosis and 
polycythemia required anastomotic operations to im- 
prove blood supply to the lungs, and three such pro- 
cedures were undertaken. The first was a Blalock- 
Taussig® and the second a Potts anastomosis.? For 
the most recent procedure we chose to avoid the re- 
peat thoracotomy and mediastinal dissection neces- 
sary for the Waterston shunt,!9.!1! especially since 
the patient was not expected to grow further. Thus, 
through a sternotomy and mid-line pericardiotomy 
and without any entry to a previous operative site, a 
Dacron aortopulmonary graft was performed.12-15 


The final operative evaluation of the shunt was esti- 
mated in a manner similar to that described by Dai- 
coff.16 

Results of serial determinations of hematocrit, ar- 
terial saturation and forearm blood flow (venous oc- 
clusion plethysmography)!?:1*5 and their relation to 
the differing situations of venesection and surgery, 
and up to 1 year postoperatively are shown in Table 
I. Ten months before surgery (April 7, 1970) tingling 
in the fingers and changes in sensation suggested 
premonitory signs of intracranial thrombosis. The 
hematocrit was 70 percent, hemoglobin 23 g/100 ml, 
arterial saturation 69 percent and forearm blood flow 
1.59 ml/100 g tissue. Venesection on April 8, 1970 
was followed by an increase in perfusion but only a 
temporary improvement in saturation. This proce- 
dure, utilized for temporary management, was per- 
formed only because the patient had two functioning 
shunts and had postponed plans for surgery. 

Management of polycythemia: It is important to 
emphasize that the increased perfusion of the tissues 
(1.97 to 2.31 ml/100 mg) was directly related to the 
induced reduction of hematocrit. The induced de- 
crease in the polycythemia without an increase in 
the blood volume directed to the lungs (that is, no 
additional shunt) resulted in a decrease in oxygen 
content. This was well tolerated since the original 
oxygen content was reasonably high and two shunts 
were functional, but had it been abnormally low to 
start with, the further reduction of the arterial con- 
tent by venesection might have been fatal.* 

One month after operation the volume of the pul- 
monary circulation was increased and arterial satu- 
ration improved despite postoperative anemia and 
reduced forearm flow on March 23, 1971. Physiologic 
lowering of the hematocrit level stabilized 3 to 12 
months postoperatively (54 and 55 percent), arterial 
oxygen saturation remained increased (85.4 percent). 
and forearm flow measurements suggested improved 
pulmonary perfusion. 

This patient is one of the longest living survivors 
of a Blalock-Taussig shunt. After two additional 
shunt operations to improve pulmonary flow, he is 
physically active and able to lead a useful life. 


* One of us (H. B. T.) has seen three patients with decreased 
pulmonary blood flow and extreme polvcythemia who died after 
venesection. 
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In a 9 1/2 year old boy with transposition of the great arteries, ven- 
tricular septal defect and pulmonic stenosis, massive calcification 
and obstruction of the homograft developed within 17 months after a 
Rastelli procedure. The calcified homograft was resected and re- 
placed with a prosthetic graft. The morphologic changes in the re- 
sected homograft and the possible mechanism of the calcification 
are reviewed. 


An aortic homograft was first used by Gross et al.! in 1948 to replace 
a coarctated segment of thoracic aorta. Arterial grafts were widely 
used in vascular surgery in the early 1950’s. However, because of dif- 
ficulty in obtaining a sufficient number of suitable homografts and 
because of potential long-term morphologic alterations, they were 
generally replaced by woven synthetic materials when the latter be- 
came available in 1956. 

In the last few years aortic homografts have been reintroduced for 
correction of truncus arteriosus, certain complicated forms of trans- 
position of the great arteries and pulmonary atresia or severe forms 
of tetralogy of Fallot.2-5 In these conditions the aortic homograft 
functions both as a conduit and as a pulmonic valve. Unfortunately, 
the long-term surgical experience with these aortic homografts seems 
to be similar to that of homografts used for vascular surgery: The 
wall of the homograft often becomes calcified within a year.9-9 This 
report describes a patient who had massive calcification and almost 
complete obstruction in a homograft within 17 months after opera- 
tion for transposition of the great arteries with ventricular septal de- 
fect and pulmonic stenosis. 


Case Report 


The patient was born after an uncomplicated full-term pregnancy and 
weighed 6 lb, 1/2 oz. at birth. Cyanosis and a cardiac murmur were first 
noted at age 7 months. Cardiac catheterization was performed at age 9 
months, and a diagnosis of transposition of the great arteries with ventricu- 
lar septal defect and pulmonic stenosis was made. The hemodynamic data 
are summarized in Table I. 

Although the patient remained moderately cyanotic and had limited ex- 
ercise tolerance, he did relatively well and had no episodes of congestive 
heart failure or hypoxic spells. His hemoglobin and hematocrit remained 
stable at about 18 g/100 ml and 58 percent, respectively. At a second cardi- 
ac catheterization performed at age 7 1/2 years (Table I), a large ventricu- 
lar septal defect was still present. Both infundibular and valvular pulmonic 
stenosis were found, and a small patent ductus arteriosus and juxtaposition 
of the atrial appendages were noted. 

Surgical procedure: Subsequently, at age 8 years, the patient underwent 
cardiac surgery. The pulmonary annulus was hypoplastic, and there was se- 
vere infundibular and valvular stenosis. A Rastelli procedure was performed 
with use of an aortic homograft.® 

The donor of the aortic homograft was a 15 year cld Caucasian girl who 
died of Ewing’s sarcoma with pulmonary metastases. Before death she had 
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TABLE | 
Cardiac Catheterization Data 





November 18, 1963 


July 19, 1972 


October 8, 1970 (postoperative) 








(age 9 mo) (age 7 yr, 8 mo) (age 9 yr, 8 mo) 
Pressure 0; Saturation Pressure 0» Saturation Pressure 0; Saturation 
Site (mm Hg) (%) (mm Hg) (%) (mm Hg) (%) 

Superior vena cava els EP e. 52 Om 43 
Right atrium 5/2 30 (m 5) 53 (m 10) 46 
Right ventricle 60/4 -97/5 63 105/5 48 
Aorta 60/30 97/62 77 80/50 70 

(m 80) (m 63) 
Pulmonary vein Ais 94 ts ^d Sr Tes 
Left atrium 5/2 (m 5) M (m 10) 88 
Left ventricle 65/5 97/5 91 85/5 74 
Pulmonary artery NE 20/10 82 105/5* 54* 

(m 15) 





* In the homograft beyond the homograft valve but proximal to obstruction. 


m = mean; NE = not entered. 


received radiation therapy, corticosteroids and various 
chemotherapeutic agents including vincristine sulfate 
(Oncovin®), cyclophosphamide (Cytoxan®) and actinomy- 
cin D (Dactinomycin-cosmegan®). The graft was obtained 
at autopsy about 6 hours after death, was deep-frozen at 
—'I0* C and sterilized by radiation. The interval between 
harvest of the graft and operation was 78 days. 

Several difficulties were encountered during operation. 
After ligation of the patent ductus arteriosus, complete 
atresia of the left pulmonary artery between the main pul- 
monary artery and the point where the ductus joined the 
left pulmonary artery was found. The left pulmonary ar- 
tery could not be reconstructed and was eventually ligat- 
ed. The surgical procedure was prolonged, and there was 
considerable bleeding which was eventually controlled by 
transfusion of fresh frozen plasma and platelets. The chest 
wall could not be closed in the usual fashion because of 
protrusion of the homograft. Transection of the first costo- 
chondral junction bilateral provided enough room to 
permit chest closure. After a stormy postoperative course, 
the patient was discharged. 


FIGURE 1. Postoperative chest 
roentogenograms  (posteroanterior 
and lateral views) showing moder- 
ate cardiomegaly. Arrows outline 
the diffusely calcified homograft. 


Postoperative course: The patient was initially com- 
pletely asymptomatic and able to participate in all nor- 
mal activities without difficulty. Eight months after oper- 
ation he began to reduce his activity and by 13 months his 
effort tolerance was as limited as before operation. Cya- 
nosis reappeared and increased progressively. By 15 
months after operation the hemoglobin and hematocrit 
had increased to 19.6 g/100 ml and 60 percent, respective- 
ly. Seventeen months after operation the patient was hos- 
pitalized for reevaluation. A grade 3/6 harsh ejection sys- 
tolic murmur was heard at the upper left sternal border. 
The second heart sound was single, and no diastolic mur- 
mur was heard. Chest roentogenogram showed a moder- 
ately enlarged heart with diffuse calcification in the area 
of the homograft (Fig. 1); this calcification had first been 
noticed 9 months postoperatively. The electrocardiogram 
disclosed complete right bundle branch block and right 
ventricular hypertrophy. 

A third cardiac catheterization was performed (Table 
I). Right ventricular pressure exceeded left ventricular 
pressure. Aortic oxygen saturation was 70 percent. Indica- 
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FIGURE 2. Selective cineangiogram. A single frame after in- 
jection into the homograft (steep right anterior oblique view) 
showing large irregular filling defects. 








tor-dilution curves showed bidirectional shunting at the 
ventricular level. The pulmonary to systemic flow ratio 
was 0.83:1. 

Selective left and right ventricular cineangiograms 
demonstrated a residual ventricular septal defect with 
bidirectional shunting. A catheter was advanced into the 
homograft area beyond the homograft valve but could not 
be manipulated into the distal pulmonary artery. Multi- 
ple cineangiograms in the area of the homograft showed a 
large irregular area of obstruction beyond the valve ex- 
tending the entire length of the homograft (Fig. 2). This 
filling defect occupied more than 80 percent of the entire 
diameter of the vessel. The wall of the homograft was 
heavily calcified. 

Reoperation: Eighteen months after the initial Rastelli 
procedure the patient was again operated upon. The calci- 
fied homograft was totally resected and an 18 mm woven 
Dacron® prosthesis without a valve was inserted in a simi- 
lar position. The residual ventricular septal defect was 


FIGURE 3. Resected homograft (gross specimen after 
longitudinal dissection to display intraluminal changes). 
The left side of specimen was the proximal portion of 
the graft which had been anastomosed to the right 
ventricle (see text). 


FIGURE 4. Resected homograft (microscopic cross 
section). There is massive calcium deposition in entire 
intima and most of media, resulting in severe luminal 
obliteration. 
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closed. The patient did well and was discharged from the 
hospital 17 days after the operation. 

Six months postoperatively the patient is completely 
asymptomatic and free of cyanosis. A grade 3/6 harsh 
systolic ejection murmur is heard at the high left sternal 
border, and a grade 2-3/6 diastolic murmur at the mid 
left sternal border. Chest roentgenograms have shown no 
significant change in cardiac size. 

Pathologic findings: The resected homograft specimen 
measured 2 cm in maximal diameter and 7 1/2 cm in 
length (Fig. 3). It had a bony consistency except for the 
most distal portion. The inside of the graft was massively 
covered with glistening calcific granules to different 
depths over the entire lumen with a maximal thickness of 
13 mm. Only some rudimentary homograft valve tissue 
was seen; most of the valvular tissue was almost totally 
distorted by the surrounding massive calcium deposits. 

Microscopic study (Fig. 4) showed that the entire inti- 
ma and a large portion of the media were replaced by ir- 
regular calcific nodules. Focal mural fibrin thrombi were 
noted over the inner surface of the nodules. The adventi- 
tia was thickened with fibrosis and contained areas of vas- 
cular proliferation and round cell infiltration. 


Discussion 


The occurrence of calcification in homografts is 
well known in man$-9 and in experimental ani- 
mals.1718 However, there have been no reports of 
either severe calcification or obstruction of the homo- 
graft in man, although each has been found in ex- 
perimental studies in pigs.18 At most, calcification in 
patients consisted of mild degrees of calcifie changes 
either on roentogenographic study or on microscopic 
examination of the homograft. This is the first re- 
ported case of massive calcification and obstruction 
in the homograft occurring after a Rastelli procedure. 

The mechanism of calcification of the homograft is 
not known. Urist and Adams!? suggested that calci- 


fication is caused by many factors. They emphasized 
the importance of biochemical derangement and tis- 
sue damage in the graft as well as humoral factors in 
the host. Brock!® found a greater incidence of calcifi- 
cation in freeze-dried or frozen and irradiated grafts 
than in fresh grafts. Similarly, the rate of failure and 
incidence of calcification in aortic valve homografts 
are significantly higher when the valve graft is pre- 
pared by the freeze-irradiation technique than when 
fresh graft is used.?9-?? It is possible that the method 
of preparation of the homograft may be related at 
least in part to the incidence of subsequent calcifica- 
tion. However, the mechanism for this is not well ex- 
plained since valve tissue itself is probably not al- 
tered by the freeze-irradiation process.?? 

Several unusual host and donor factors may ex- 
plain the rapid and massive calcification of the ho- 
mograft in our patient. The donor of the graft had 
been treated with various chemotherapeutic agents, 
corticosteroids and irradiation before death. The ho- 
mograft itself was subjected to freezing, further irra- 
diation and more than 2 months of storage. In addi- 
tion, the patient received massive blood transfusions 
during and after operation (40 pints of blood). Last- 
ly, large volumes of buffer solutions such as sodium 
bicarbonate and 1/6 molar THAM? were used 
to correct severe acidosis during the early postopera- 
tive period. It is a reasonable assumption that the 
multiple derangements of the physiologic status in 
the host in conjunction with the preexisting changes 
in the graft at the time of operation accelerated the 
process of calcification and increased the degree of 
calcium deposition in the homograft in our patient. 
In retrospect the donor was not ideal. In the future 
we will use either a fresh homograft from a more 
suitable donor or a woven Dacron conduit. 
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A case of autopsy-documented fatal pulmonary hemorrhage secon- 
dary to distal pulmonary arterial rupture by a balloon-tipped catheter 
is presented. Possible mechanisms of pulmonary arterial tear are 
discussed, and safeguards against additional occurrences of this 
complication are suggested. 


The flow-directed balloon-tipped catheter has become an important 
tool for monitoring circulatory hemodynamics in critically ill pa- 
tients! as well as a diagnostic adjunct in catheterization of adults 
and children.? Reported complications include minor atrial and ven- 
tricular ectopy, rupture of the balloon (without significant sequelae), 
and the rare occurrence of clot on the tip of an indwelling catheter 
after several days. Other reported complications include knotting of 
the catheter,? and perforation of the pulmonary artery* with associ- 
ated hemoptysis.? To our knowledge, a fatal complication has not 
previously been reported. 


Case Report 


The patient, a 34 year old white woman, had been diagnosed as having 
mitral stenosis at age 26. Three years later she was hospitalized with he- 
moptysis secondary to mitral stenosis. In June 1970 transient hemiparesis de- 
veloped. In September 1971 she was hospitalized with congestive heart fail- 
ure and atrial fibrillation secondary to mitral stenosis and mitral insuffi- 
ciency. She underwent cardioversion to regular sinus rhythm and was treat- 
ed with digoxin and quinidine. Long-term Coumadin? therapy was initiated 
because of the history of prior emboli. Three months later her rhythm re- 
verted to persistent atrial fibrillation despite two attempts at cardioversion. 

Because of limited exercise tolerance, shortness of breath and vague ante- 
rior chest pain the patient underwent cardiac catheterization at Walter 
Reed General Hospital in September 1972. 

Pertinent physical findings included blood pressure of 100/60 mm Hg, an 
irregular pulse of 80/min and neck vein distension to the angle of the jaw at 
30°. Cardiac examination revealed a right ventricular impulse along the left 
sternal border and a diastolic thrill at the apex. The first heart sound was 
loud; the second sound was physiologically split with the pulmonic compo- 
nent moderately accentuated. A dull opening snap heard at the apex was 
followed by a long diastolic rumble. A grade 3/6 holosystolic murmur of 
mitral insufficiency was well heard at the apex. A grade 2/6 holosystolic 
murmur of tricuspid insufficiency, which increased with inspiration, was 
heard at the left sternal border. 

Laboratory values at the time of catheterization included hematocrit 41 
percent, and prothrombin time 26 seconds with a control value of 12.5 sec- 
onds. The electrocardiogram revealed atrial fibrillation, right ventricular 
hypertrophy and right axis deviation. The chest roentgenogram disclosed 
left atrial enlargement, increased pulmonary venous marking to the upper 
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lobes, and Kerley B lines. The echocardiogram revealed 
an EF slope of 10 mm/sec, consistent with severe mitral 
stenosis. 

Catheterization: Right heart catheterization was per- 
formed by way of a right basilic vein. Right atrial pressure 
measurements revealed an A wave of 7 and a V wave of 7 
mm Hg; right ventricular pressure was 50/7 mm/Hg and 
pulmonary arterial pressure 50/30 mm Hg. Difficulty was 
encountered in securing the wedge position. Both the 
*bird's eye" platinum tip and Cournand catheters persis- 
tently went to the left pulmonary arterial wedge position, 
but this finding could not be confirmed by oxygen satura- 
tion data. It was not possible to pass either catheter into 
the right pulmonary artery. Therefore a no. 7 Swan-Ganz 
catheter was floated into the right pulmonary artery 
wedge position with the balloon inflated. Once again the 
wedge position could not be confirmed by oxygen satura- 
tion data. The catheter balloon was then deflated and the 
catheter was advanced 2 to 3 cm further. The catheter 
balloon was then reinflated with 0.75 cc of saline solution. 
At this time the patient began coughing up a small 
amount of blood tinged sputum. This hemoptysis contin- 
ued for about 2 minutes, stopped spontaneously, and was 
not associated with changes in vital signs or clinical state. 
The condition was believed to be secondary to a ruptured 
pulmonary vein consistent with the past history of he- 
moptysis. The catheter was left in the right wedge position. 
A no. 8 pigtail catheter was then inserted percutaneously 
into the left ventricle by way of the right femoral artery. 
Resting pressure measurements included a value in left 
ventricular end-diastolic pressure of 16 mm Hg. The pa- 
tient then underwent one-legged exercise for 1 1/2 minutes. 
Pulmonary arterial wedge pressure increased to 30 mm 
Hg, and pulmonary arterial pressure increased to 60/40 
mm Hg. Two minutes later the patient began coughing up 
large amounts of blood, including clots. This hemoptysis 
soon became associated with altered sensorium and falling 
blood pressure. Emergency chest roentgenogram revealed 
evidence of right hemothorax, which was confirmed by an 
emergency thoracentesis. Emergency thoracotomy re- 
vealed 3 units of blood in the right pleural cavity with no 
evidence of pericardial blood. Despite vigorous resuscita- 
tive efforts to replace the lost blood with type-specific 
blood and volume expanders, the patient died. 


22: 24 ATI AAV 


FIGURE 1. Triangular tear in 
distal bifurcation of right pulmo- 
nary artery (arrow). Lung he- 
matoma is in background. 


Postmortem examination revealed significant rheumatic 
mitral valve disease. The right lung contained a hemato- 
ma originating in an obvious triangular tear at the distal 
bifurcation of the right lower pulmonary arterial branch 


(Fig. 1). 
Discussion 


The two previously cited reports of pulmonary ar- 
terial perforation*:> do not mention whether the pa- 
tients were receiving anticoagulant therapy. Hemor- 
rhage would likely be more severe with any amount of 
perforation in the face of anticoagulation. However, 
anticoagulation with Coumadin, in doses close to 
therapeutic range, has been shown to be associated 
with no increased risk during cardiac catheterization$ 
performed by right heart, left heart, retrograde left 
heart, transseptal left heart or transthoracic puncture 
technique. Anticoagulation almost surely con- 
tributed to the death of our patient. 

Lapin and Murray? suggest that when the balloon 
is inflated in the wedge position it creates a pressure 
gradient across the pulmonary artery to wedge posi- 
tion which is responsible for pushing the catheter tip 
through the pulmonary arterial wall with perforátion 
into the lung tissue. They suggest floating the bal- 
loon catheter into place each time a wedge pressure 
recording is needed. This recommendation contrasts 
with the original description! which recommends 
that the balloon be deflated in the wedge position, 
advanced 1 to 3 cm, and then reinflated each time 
the wedge pressure measurement is required. 

Chun et al. suggest that a large loop of catheter 
in the right atrium or right ventricle with the cathe- 
ter tip positioned distally in the pulmonary artery 
allows the tip to be driven through the pulmonary 
arterial wall by virtue of catheter motion. 

Cause of pulmonary arterial perforation: In our 
autopsy-documented case of pulmonary arterial per- 
foration, the following theory is proposed. The cathe- 
ter, after achieving a position distal in the pulmo- 
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nary artery with the balloon inflated, was then 
pushed into the bifurcation of two branches of the 
right pulmonary artery with the balloon deflated. 
Perforation may have taken place during the latter 2 
to 3 cm of catheter advancement or may have been 
caused by increasing pressure on the distal lateral 
walls of the pulmonary arterial branches when the 
balloon was reinflated. The site of perforation as it 
appeared on postmortem examination is shown in 
Figure 1. The Swan-Ganz catheter was the only 
catheter passed into the right pulmonary artery and 
thus must have been responsible for the tear. 

This theory was tested in the autopsy laboratory 
24 hours after the patient’s death. The patient’s 
other lung was removed with the pulmonary artery 
intact. A no. 7 Swan-Ganz catheter was passed to a 
position analagous to the in vivo pulmonary arterial 
tear, and the balloon was inflated with 0.75 ml of 
fluid. Dissection down to the tip of the balloon cath- 
eter revealed a triangular tear in a distal pulmonary 
arterial branch bifurcation similar to the in vivo 
tear. This procedure was repeated four times alter- 
nately using either air or fluid to inflate the balloon, 
and a similar tear was produced each time. Although 
postmortem changes were probably present in the 


lung tissue and the lung was removed from its usual 
supportive environment, these observations support 
our theory of the mechanism of the pulmonary arte- 
rial tear. The early hemoptysis was a warning that 
was misinterpreted as being related to mitral steno- 
sis. Fatal pulmonary hemorrhage occurred after the 
exercise. Pulmonary hypertension was a factor con- 
tributing to the pulmonary hemorrhage. 

Prevention: The following recommenda£ions are 
made to guard against additional occurrences of this 
complication: 

l. The flow-directed balloon-tip catheter should 
be floated into the wedge position each time it is 
needed. Further advancement of the catheter with 
deflation of the balloon and subsequent reinflation 
should not be performed. 

2. Hemoptysis during a similar catheterization, 
especially in a patient receiving anticoagulant thera- 
py, should alert the physician to this possible com- 
plication. 

3. Active hemoptysis should be considered a con- 
traindication to exercise studies. 

4. Anticoagulation therapy should be recognized 
as a factor that increases the severity of hemorrhagic 
complications in cardiac catheterization. 
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Transcutaneous jugular venous blood velocity was measured with a 
Doppler flow velocity probe in eight patients with sinus rhythm and 
angiographically demonstrable tricuspid insufficiency. Peak systolic / 
diastolic jugular blood velocity was less than 1 in all eight patients (x 
+ 1 standard deviation = 0.63 + 0.20). In 23 of 25 patients without 
tricuspid incompetence the systolic/diastolic jugular venous blood 
velocity was greater than 1 (2.74 + 1.57, P <0.001). In 12 patients 
with atrial fibrillation, peak systolic/diastolic jugular blood velocity 
values demonstrated a similar degree of specificity for the diagnosis 
of tricuspid incompetence. It is concluded that Doppler jugular ve- 
nous blood velocity measurement is a useful noninvasive technique 
for the diagnosis of tricuspid insufficiency in subjects with sinus 
rhythm and atrial fibrillation. 


Numerous external and invasive techniques have been employed in 
an attempt to identify tricuspid valvular incompetence, including 
jugular venous pulse or right atrial pressure recordings, analysis of 
various selective dye-dilution curves and right atrial or ventricular 
angiography. 

This paper describes utilization of the transcutaneous Doppler ul- 
trasonic flowmeter probe as a means for measuring jugular or subcla- 
vian venous flow velocity. As will be demonstrated, this technique 
has proved a reliable noninvasive method for the diagnosis of tricus- 
pid valvular insufficiency even in the presence of coexisting multival- 
vular heart disease or atrial fibrillation. 


Material and Methods 


Case material: Forty-five patients (18 male and 27 female) comprised 
the study group. Their ages ranged from 9 to 67 years (mean 45 years). The 
vast majority had rheumatic valvular or coronary heart disease, and all un- 
derwent complete right and left heart catheterization, right and left ven- 
triculography or open heart surgery. In those subjects who underwent oper- 
ation, competency of the tricuspid valve was determined by the presence or 
absence of a regurgitant blood "jet" at the site of right atrial bypass cannu- 
lation. At cardiac catheterization, the diagnosis of tricuspid incompetence 
was made on the basis of (1) major systolic regurgitation of radiopaque con- 
trast medium from the right ventricle to right atrium during right ventric- 
ulography in the absence of ventricular extrasystoles, and (2) a “to and fro” 
motion of dye across the tricuspid valve after right atrial injection. No subject 
had tricuspid stenosis. 

On the basis of electrocardiographic, angiographic and operative findings, 
the 45 subjects were classified as follows: group 1, 25 patients with normal 
sinus rhythm and no tricuspid insufficiency; group 2, 8 patients with nor- 
mal sinus rhythm and tricuspid insufficiency; group 3, 6 patients with atri- 
al fibrillation and no tricuspid insufficiency; and group 4, 6 patients with 
atrial fibrillation and tricuspid insufficiency. All subjects in groups 3 and 4 
had well controlled or slow ventricular rates during atrial fibrillation. 

Protocol: Venous blood flow velocity was measured with patients in the 
postabsorptive state in the supine position at the time of cardiac catheter- 
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ization or routine phonocardiographic study or both. An 
external Doppler flowmeter probe was positioned in the 
right supraclavicular fossa at the lateral border of the 
sternocleidomastoid muscle. The tip of the probe was di- 
rected slightly medially and inferiorly toward the superior 
vena cava (Fig. 1). The principles of Doppler flow mea- 
surement and application of this device for the transcu- 
taneous determination of arterial and venous blood veloci- 
ty have been previously dscribed in detail.1-5 The tip of 
the probe, which contained the transmitting and receiving 
crystals, was coupled to the skin surface by an acoustic 
gel. The flow velocity meter used in this study did not 
distinguish forward from retrograde directional flow. Since 
the Doppler frequency shift was related to the velocity of 
the underlying blood cells, the absence of velocity signals 
correspond to zero net blood velocity. Each kilohertz of 
frequency shift represented 9 cm/sec of blood velocity and 
this relation was constant over the wide range of velocities 
studied. 

Audible signals of jugular venous blood flow velocity 
were readily recognized and easily differentiated from ca- 
rotid arterial blood velocity by their characteristic double 
or triphasic sonic configuration. Simultaneous transcu- 
taneous jugular venous flow velocity curves, external jugu- 
lar venous pulse tracings, phonocardiograms and lead II of 
the electrocardiogram were recorded in an Electronics for 
Medicine DR-8 or DR-12 oscilloscopic-photographic device 
operated at various paper speeds. External jugular phle- 
bograms were recorded with a Hewlett-Packard Model 
21051D air-coupled pressure cup at a frequency setting of 
0 to 100 cycles/sec. Venous flow velocity wave forms so re- 
corded were analyzed with respect to configuration and 
relative magnitude of peak systolic and diastolic blood ve- 
locities. By direct measurement of velocities recorded dur- 
ing 10 successive beats, a mean peak venous systolic/ 
diastolic flow velocity ratio was computed for each 
subject. In eight patients, superior vena caval blood flow 
velocities were simultaneously recorded by means of a 
Doppler catheter-tip flowmeter® which was introduced 
through a right or left medial antecubital vein at the time 
of cardiac catheterization. 


Results 


Group 1: In patients with normal sinus rhythm 
and no evidence of tricuspid insufficiency, externally 
measured jugular flow velocity patterns were similar 
to those previously obtained in experimental animals 
and human subjects with catheter-tip or implanted 
flowmeters.9-9? During right ventricular systole there 
was a forward flow of blood into the right atrium 
which was undergoing its relaxation period. This 
right atrial inflow was manifested on vena caval and 
jugular venous flow velocity curves by a major sys- 
tolic wave (S). The S wave upstroke occurred during 
inscription of the C wave and x descent of simulta- 
neous jugular venous pulse or superior vena cava 
pressure recordings. The terminus of the S wave was 
recorded at the time of inscription of the jugular ve- 
nous V wave. 

After tricuspid valvular opening there was a fur- 
ther flow of blood into the right atrium at the time of 
rapid right ventricular filling. This latter event was 
represented on the jugular or vena caval flow veloci- 
ty recording by a smaller diastolic wave (D) (Fig. 2). 
Thus in the absence of tricuspid insufficiency, the 
peak systolic/diastolic ratio was almost always 





FIGURE 1. Method for obtaining jugular venous blood flow ve- 
locity. The tip of the Doppler probe is applied at the lateral bor- 
der of the sternocleidomastoid muscle’ and directed medially, 
inferiorly and posteriorly. 





greater than 1. The systolic/diastolic values in group 
1 ranged between 0.70 and 6.40 (mean 2.74). In the 
majority of patients with sinus rhythm, a small atri- 
al wave (A) occurred after inscription of the P wave 
of a simultaneously recorded electrocardiogram. Su- 
perior vena caval or jugular venous pressures and 
their respective flow velocities were therefore in- 
versely related; that is, as pressure increased, flow 
velocity diminished. Reasons for the variable peak 
systolic/diastolic jugular flow velocity ratios greater 


50-500cps. 





FIGURE 2. Simultaneous recordings of the tricuspid area pho- 
nocardiogram (TA), lead || of the electrocardiogram (L II), ex- 
ternal jugular venous pulse tracing (VT) and transcutaneous 
jugular venous flow velocity in a 23 year old woman with sinus 
rhythm, mitral insufficiency and no angiographic evidence of tri- 
cuspid regurgitation. The patient had been previously subjected 
to mitral valvulotomy for mitral stenosis. Note the dominant sys- 
tolic (S) jugular venous blood velocity wave which is followed 
by smaller diastolic (D) and atrial (A) deflections. There is an 
inverse relation between the external jugular venous pulse and 
jugular venous blood velocity amplitudes. 1 = first heart sound; 
OS = opening snap; SM = systolic murmur; 2 = second heart 
sound. 
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than 1 in patients without tricuspid insufficiency are 
not known. Such variations may be related to differ- 
ences in age, origin of heart disease, venous distensi- 
bility and right atrial compliance. 

Group 2: In eight patients with normal sinus 
rhythm and tricuspid valvular incompetence the 5 
jugular flow velocity wave was of diminished ampli- 
tude and in some cases was not recorded. This di- 
minutive S wave was followed by a large D wave, 
thereby resulting in a peak systolic/diastolic jugular 
flow velocity relation of less than 1 (Fig. 3). The sys- 
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FIGURE 3. Simultaneous recording of the tricuspid 
area phonocardiogram (TA), lead lI of the electro- 
cardiogram (L II), external jugular venous pulse 
tracing and transcutaneous jugular venous blood 
velocity in a 45 year old woman with sinus rhythm, 
triple vessel coronary artery disease, biventricular 
failure and angiographically demonstrable tricuspid 
insufficiency. The patient had previously undergone 
saphenous vein bypass graft implantation to the 
right and left anterior descending coronary arteries. 
Note the dominant diastolic jugular blood velocity 
wave (D). 


tolic/diastolic values in group 2 ranged between 0.30 
and 0.90 (mean 0.63). Figure 4 shows the distribu- 
tion of mean peak jugular flow velocities for groups 1 
and 2. There were highly significant differences (P 
«0.001) between the mean systolic/diastolic ratios in 
these two groups. Subjects with a greater degree of 
angiographically demonstrable tricuspid regurgita- 
tion manifested a lower peak systolic/diastolic ratio. 
Group 3: In five of six patients with atrial fibrilla- 
tion and no evidence of tricuspid regurgitation the 
mean peak systolic/diastolic jugular flow velocity 
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-g-i 


ppe 


ALAN 


put LM 


TRANSC. 


FIGURE 4 (left). Peak systolic/diastolic (Syst./Diast.) jugular venous flow velocity (Jug. Ven. Flow Vel.) ratios measured in 33 pa- 
tients with sinus rhythm. Mean (+ 1 standard deviation) values for the systolic/diastolic measurements in subjects with normal tricus- 
pid valvular function (normal) and those with tricuspid insufficiency (Tric. Insuf.) are indicated. There is a significant (P «0.001) dif- 
ference between the mean systolic /diastolic values measured in the two groups. 

FIGURE 5 (right). Simultaneously recorded lead || of the electrocardiogram (L II), tricuspid area phonocardiogram (TA) and jugular 
venous blood velocity in a 17 year old boy with atrial fibrillation who had a previous mitral valvulotomy for mitral stenosis. There was 
no evidence of tricuspid insufficiency during right ventriculography. There are beat to beat variations in jugular blood velocities yet the 
systolic wave (S) amplitudes are consistently greater than those of diastolic waves (D). 
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FIGURE 6. Simultaneously recorded mitral area phonocardiogram (MA), lead I| of the electrocardiogram (L 11), external jugular ve- 
nous pulse tracing (VT) and jugular venous blood velocity in a 63 year old woman with mitral stenosis, mitral insufficiency, atrial fibril- 
lation, an atrioventricular junctional rhythm and angiographic evidence of tricuspid insufficiency. Note the dominant diastolic jugular 
blood velocity (D) which is followed by a diminutive systolic wave (S). A prominent systolic wave is present on the external jugular ve- 
nous pulse tracing, suggesting tricuspid regurgitation. Such systolic waves can also be seen on the jugular phlebograms of subjects 


with atrial fibrillation in the absence of tricuspid insufficiency. DM = diastolic murmur; 1 = first heart sound; OS = opening snap; SM 
— systolic murmur; 2 — second heart sound. 





ratio was greater than 1 (Fig. 5). The systolic/diastol- 
ic values in group 3 ranged between 0.98 and 1.37 
(mean 1.15). 

Group 4: All six subjects with atrial fibrillation 
and tricuspid insufficiency had mean peak systolic/ 
diastolic jugular venous blood flow velocities of less 


than 1 (Fig. 6). The systolic/diastolic values in group 
4 ranged from 0.11 to 0.53 (mean 0.38). There were 
significant differences (P «0.001) between the mean 
peak systolic/diastolic ratios measured in groups 3 
and 4 (Fig. 7). In general there were minor alter- 
ations of peak systolic/diastolic ratios related to al- 
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FIGURE 7 (left). Values for mean peak systolic /diastolic (S/D) jugular venous flow velocities measured in 12 patients with atrial fibril- 
lation. Mean (+ 1 standard deviation) measurements for subjects with and without tricuspid insufficiency (TI) are indicated. There is a 
significant (P <0.001) difference between the mean values in the two patient groups. 

FIGURE 8 (right). Simultaneously recorded lead |! of the electrocardiogram (L II), mitral area phonocardiogram (MA), external jugular 
venous pulse tracing (VT) and blood velocities at the jugular vein and superior vena cava (SVC) in a 59 year old woman with a mitral 
valve prosthesis and angiographic evidence of tricuspid insufficiency. The jugular venous and superior vena caval blood velocities were 
measured utilizing the external transcutaneous and internal catheter-tip Doppler probes, respectively. Note the similarity of blood flow 
velocity wave forms recorded at the two sites. There are prominent diastolic jugular venous and superior vena caval flow velocities, in- 
dicating tricuspid insufficiency. MCC = mitral closing clock; MOC = mitral opening click; SM = systolic murmur; 2 = second heart sound. 
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tered cycle length during atrial fibrillation. In two 
patients with abrupt shortening of the R-R interval, 
the systolic wave amplitude was usually greater after 
longer diastolic pauses. However, this augmentation 
of systolic flow velocity did not significantly change 
the sys )lic/diastolic ratios in the population stud- 
ied. In subjects with congestive heart failure, sys- 
tolic/diastolic ratios were less than 1 only in the 
presence of coexisting tricuspid regurgitation. 

Simultaneous transcutaneous jugular venous 
blood velocity and direct superior vena caval 
blood velocity measurements: In all eight patients 
who had simultaneous measurements of transcu- 
-taneous jugular blood flow velocity and direct supe- 
rior vena caval flow velocity, there was a marked 
similarity of the wave forms recorded by both tech- 
niques. Four patients with no evidence of tricuspid 
insufficiency manifested external jugular and superi- 
or vena caval systolic/diastolic blood flow velocity 
values greater than 1. Four subjects with tricuspid 
incompetence had systolic/diastolic values of less 
than 1 (Fig. 8). 

Relation between external jugular phlebogram 
and flow velocity patterns: Subjects with attenuat- 
ed or absent systolic x descents on the external jugu- 
lar phlebogram tended to have small systolic wave 
amplitudes on the flow velocity recording. As might 
be expected, the large monophasic jugular phlebo- 
grams in patients with tricuspid regurgitation were 
paralleled by systolic jugular flow velocities of low 
magnitude. 


Discussion 


External jugular phlebography: This is probably 
the most commonly used noninvasive graphic meth- 
od for assessing tricuspid valvular competence. An 
obliterated x descent, large systolic wave and rapid y 
descent are considered hallmarks of tricuspid insuffi- 
ciency on jugular venous pulse recordings. In general, 
however, both direct right atrial pressure and exter- 
nal jugular pulse wave form analyses have proved to 
be of limited usefulness for the diagnosis of tricuspid 
insufficiency under certain conditions. Rubeiz et 
al.1° described normal right atrial pressure curves in 
six patients with sinus rhythm who had mitral ste- 
nosis and functional tricuspid insufficiency. Other 
investigators!! have shown that in the presence of 
atrial fibrillation, the x descent of the jugular phle- 
bogram or right atrial pressure curve may be obliter- 
ated or reduced and replaced by a large systolic 
wave, suggesting tricuspid incompetence. Cairns et 
al.12 observed that this replacement of the x descent 
by a large systolic wave could be better correlated 
with atrial fibrillation than with tricuspid incompe- 
tence. It is thus apparent that although alterations 
of the right atrial pressure curve or jugular phlebo- 
gram may be suggestive of tricuspid insufficiency, 
they are by no means diagnostic. This is particularly 
evident in the presence of atrial fibrillation, in which 
right atrial contraction and relaxation are not coor- 
dinated. 


Catheterization techniques: Invasive methods 
used for the diagnosis of trieuspid regurgitation in- 
clude selective indicator-dilution study, angiography 
and internal flowmetry. Sobol et al.,1% utilizing 
ascorbic acid indicator injection into the right ven- 
tricle and platinum electrode catheter sensing in the 
right atrium, found that 7 of 11 subjects without evi- 
dence of organic valvular disease had reflux of injec- 
tate into the right atrium. They concluded that the 
tricuspid insufficiency was catheter-induced. Gould 
et al.14 using the same technique found that the 
catheter did not necessarily induce tricuspid insuffi- 
ciency. Hansing and Rowe?® reported that a double 
catheter selective dye-dilution method was satisfac- 
tory for assessing both the presence and degree of 
tricuspid incompetence. Cairns et al.!? concluded 
that the absence of angiographically demonstrable 
tricuspid regurgitation after injection of contrast me- 
dium into the right ventricle virtually excluded or- 
ganic or functional valvular disease. However, the 
presence of such contrast dye regurgitation is not 
necessarily conclusive, since the catheter may inter- 
fere with normal valvular function. 

Doppler flow velocity studies: Other studies have 
evaluated right atrial and superior vena caval flow 
velocities in experimental animals and human 
subjects in a variety of normal and abnormal states. 
Nolan et al.19 studied vena caval blood velocities in 
anesthetized mongrel dogs with and without surgi- 
cally induced tricuspid insufficiency. Their results 
demonstrated that the pattern of vena caval flow ve- 
locity clearly distinguished between normal and in- 
competent tricuspid valves. Systolic/diastolic caval 
velocity curve area ratios in normal animals were al- 
ways greater than 1 whereas similar measurements 
were less than 1 in the presence of tricuspid insuffi- 
ciency. Interestingly, external measurements of peak 
systolic and diastolic jugular venous flow velocities 
as reported here in human subjects demonstrate 
relations identical with those noted in the experi- 
mental preparations. Our group, using the Doppler 
catheter flowmeter, measured vena caval and right 
atrial flow velocities in normal subjects® and patients 
with tricuspid insufficiency.17 It was noted that the 
right atrial systolic and diastolic flow velocities di- 
minished and increased, respectively, in patients with 
tricuspid insufficiency.§+17 

The diminution of systolic jugular flow velocities 
in subjects with tricuspid insufficiency can be as- 
cribed to the presence of opposing directional blood 
velocities. Utilizing the bidirectional Doppler flow- 
meter catheter, we have demonstrated that during 
ventricular systole a reverse blood flow occurs in the 
right atrium of patients with tricuspid incompetence 
as a consequence of regurgitated right ventricular 
volumes.13 This retrograde flow opposes the normal 
systolic venous return, resulting in a net loss of di- 
rectional blood velocity. During diastole, a combina- 
tion of the regurgitant volumes plus the normal ve- 
nous return flows toward the right atrium, thereby 
resulting in a large diastolic jugular flow velocity 
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wave.!? Other studies have characterized certain as- 
pects of venous inflow in man with the transcu- 
taneous Doppler flowmeter.?-5 Kalmanson et al.3-5 
attributed diminished systolic jugular venous blood 
flow velocities to tricuspid incompetence induced by 
atrial fibrillation in all 12 subjects studied who had 
this arrhythmia. Our findings suggest that tricuspid 
insufficiency does not universally accompany atrial 
fibrillation. Numerous other investigations tend to 
support this latter view.19.15.19 Investigations are 
currently underway to determine whether the degree 
of tricuspid insufficiency can be correlated with the 
jugular systolic/diastolic flow velocity value. 


In conciusion, the transcutaneous Doppler flow- 
meter probe is a useful noninvasive device for estab- 
lishing the diagnosis of tricuspid insufficiency in 
subjects with sinus rhythm. Preliminary results indi- 
cate a similar degree of diagnostic specificity in pa- 
tients with atrial fibrillation. Combined use of both 
the external Doppler probe and jugular phlebogram 
enhances the diagnostic capability of either tech- 
nique. 
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EDITORIALS 


Do Side by Side Great Arteries Merit a Special Name? 


RICHARD VAN PRAAGH, MD, FACC 


Boston. Massachusetts 


This question is answered affirmatively in this issue 
by Angelini and Leachman,! who support the term 
and concept of “partial distortion” that was first 
proposed in 1956 by de la Cruz and da Rocha.? 

Why might a special name be desirable for side by 
side great arteries? If one concludes that transposi- 
tion of the great arteries is due to straight or non- 
spiral downgrowth of the truncoconal septum, as op- 
posed to the normal 180° spiral downgrowth of this 
septum,!.? then one has also decided that it should 
be defined as an anterior aorta and a posterior pul- 
monary artery. Thus, one must have another name 
for side by side great arteries and for those conotrun- 
cal anomalies in which the aortic valve is posterior to 
the pulmonic. These cannot be called transposition 
of the great arteries if one has defined the latter as 
an anterior aorta. Hence, the concept of “‘partial dis- 
tortion" depends on the validity of this definition 
and embryologic hypothesis of transposition of the 
great arteries. 

From the embryologic standpoint, it is noteworthy 
that some recent studies do not support the straight 
(as opposed to spiral) truncal septum hypothesis of 
the morphogenesis of transposition of the great arte- 
ries. In 1968, on the basis of reconstructions of 
human embryos, Los? was not able to confirm the 
classic concept that normally related great arteries 
result from, or are associated with, spiral down- 
growth of the truncal ridges: “Instead of producing 
the generally accepted torsion by which the heli- 
coidal truncus septum is said to come into existence, 
the endocardial truncus ridges actually perform a de- 
torsion rather than a torsion during their develop- 
ment. The ultimate torsion of aorta and pulmonary 
artery is therefore a result of asymmetrical out- 
growth of the parts of the truncus from which the 
fourth and sixth arch arteries arise.” 

In 1972, on the basis of study of human embryos, 
Goor et al.* also could not confirm that the truncal 
septum normally grows downward in a spiral fash- 
ion: “We were unable to find evidence for the com- 
monly accepted concept that the septum aortopul- 
monale twists as it grows toward the conus septum.” 
They also observed: “The torsion of the truncus oc- 
curs only after the septum aortopulmonale has been 
completed, and about half of the torsion is com- 
pleted before any shortening of the conus is appar- 
ent." If it is confirmed that the truncal septum nor- 
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mally develops in a straight cr nonspiral fashion, and 
is twisted subsequently, it would then no longer be 
possible to attribute transposition of the great arte- 
ries to straight truncal septation. It will be seen that 
there also is strong anatomic evidence against this 
truncal malseptation hypothesis. 

In the interests of perspective it should be added 
that the straight truncal septum hypothesis con- 
cerning the morphogenesis of transposition of the 
great arteries is an old one. Indeed, it is the first one, 
dating back at least as far as Quain in 1844 (cited by 
Peacock? in 1858). The truncal malseptation hypoth- 
esis was further elaborated by von Rokitansky$ in 
1875 and, with variations, has been accepted by 
many workers!.?.7 since then. Hence, my disagree- 
ment with the truncal malseptation hypothesis 
should not be misunderstood as a polemic against 
any living investigator, or against any dead one for 
that matter! If the idea that transposition of the 
great arteries should be defined! 2.7.5 as an anterior 
aorta (because of straight truncal septation) is not 
valid, then the concept of "partial distortion" is un- 
necessary. 

In 1906 Keith? “discovered” the conus and in 1909 
he proposed!? that conal absorption plays a leading 
role in the morphogenesis of normal and abnormal 
relations between the great arteries. This concept 
has received increasing support. Pernkopf and Wirt- 
inger!! in 1933, Asami!? in 1969 and Goor et al.* in 
1972 all have described absolute (not just relative) 
conal absorption. 

From the anatomic standpoint, Goor and Ed- 
wards!3 concluded in 1972 that the difference be- 
tween the Taussig-Bing malformation!*:15 and typi- 
cal transposition of the great arteries with pulmo- 
nary-mitral fibrous continuity is the state of the 
subpulmonary conus. In the Taussig-Bing malforma- 
tion it persists; in typical transposition it is absorbed. 

Since 1966, I have thought that conal development 
plays a key role in the morphogenesis of normally 
and abnormally related great arteries! because of 
several anatomic findings that could not be ex- 
plained by truncal malseptation: (1) the variations 
in semilunar valve heights; (2) involvement of the 
truncal free wall, indicated by the spectrum of loca- 
tions of the coronary ostia; and (3) the lack of clear- 
cut evidence of abnormal growth of the truncal sep- 
tum—for example, aorticopulmonary window and 
truncus arteriosus communis being virtually un- 
known with transposition. 

In a series of 149 autopsy cases of transposition of 
the great arteries,” among ail the obvious anatomic 
differences, the only constant we were able to find 
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was malformation of the conus, characterized by ab- 
normal aortic-mitral separation and by abnormal 
pulmonary-mitral approximation. Since it was un- 
clear at that time whether conal absorption was ab- 
solute or relative, we thought it wiser to emphasize 
conal growth19.17 because this is an obvious anatom- 
ic fact. Now, however, it is clear*-12 that absolute 
conal absorption does indeed occur, a finding that 
strongly supports Keith's original concept.!? Since 
both conal absorptioni? and conal growth!6 occur, 
together they may be referred to as the conal devel- 
opment hypothesis. *Development" includes growth, 
lack of growth and absorption. 

It is now also clear that additional factors are im- 
portant in determining the definitive arterioventricu- 
lar relationship, such as (1) the direction of ventricu- 
lar looping, (2) the degree of ventricular develop- 
ment, and (3) the development of the atrioventricu- 
lar canal.18 However, when these factors are normal, 
as they are in typical transposition of the great arte- 
ries, then conal maldevelopment!9:16 of presently 
unknown origin is believed to result in transposition. 

Entirely unrelated to embryogenesis, there are 
other anatomic considerations that are highly rele- 
vant to "partial distortion": 

(1) In typical transposition of the great arteries in 
terms of the conotruncal anatomy— with subaortic 
muscular conus, pulmonary-mitral fibrous continu- 
ity and intact ventricular septum—the aortic valve 
may be distinctly posterior to the pulmonary valve if 
the ventricles are sufficiently malposed. The ventri- 
cles are the “platforms” from which the great arte- 
ries arise and, if these "platforms" are malposi- 
tioned, then the spatial relationship between the 
great arteries arising therefrom will likewise be atyp- 
ical. In dextrocardia, for example, we!? found in 4 of 
36 autopsy-proved cases of transposition of the great 
arteries a posterior aortic valve (11 percent), appar- 
ently secondary to ventricular malposition. The 
transposed aortic valve can be posterior and inferior 
to the transposed pulmonary valve, with normally 
located ventricles, if the muscular subaortic conus is 
less well developed than the subpulmonary conus, as 
in Becu's case (Fig. 1 of Van Praagh).?° 

(2) Side by side semilunar valves can occur in 
transposition of the great arteries, as in 19 of 60 au- 
topsy-proved cases of complete transposition (32 per- 
cent).?1 

(3) In normally related great arteries the aortic 
valve may be anterior if the ventricles are sufficient- 
ly malposed: for example, Figure 4 of Melhuish and 
Van Praagh?? and Figure 23 of Lev and Rowlatt?? 
(showing isolated ventricular inversion). 

Thus, transposition of the great arteries cannot be 
defined as an anterior aorta and a posterior pulmo- 
nary artery because this definition is contradicted by 
well documented anatomic data.19-23 Since it is now 
clear that transposition can have side by side 
great arteries or a posterior aorta, the term and con- 
cept of “partial distortion” (as opposed to transposi- 
tion of the great arteries) is unnecessary. 

Fixed external frames of reference—such as the 
frontal, horizontal and sagittal planes—should be re- 
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garded as convenient but not basic. Only nonfixed 
internal frames of reference are entirely reliable. 
Only they cannot be artifacted by cardiac malposi- 
tion. For example, which atrium connects with 
which ventricle? Which ventricle ejects into which 
great artery? Physiologists have always adopted this 
approach. If one defines transposition of great arte- 
ries as an anterior aorta, or "partial distortion" as 
side by side semilunar valves, or normally related 


great arteries as a posterior aortic valve, the fixed: 


external frame of reference upon which excessive re- 
liance is being placed is the frontal plane. The fron- 
tal plane is a convenient frame of reference, but not 
a basic biologic consideration. 

It must also be noted that “partial distortion" 
would mix together many genuinely different cono- 
truncal malformations. The authors assert that they 
are describing a conotruncal malformation, "partial 
distortion," that can have many different types of 
arterioventricular relationship: as in transposition of 
great arteries, double outlet right ventricle and dou- 
ble outlet left ventricle. Any conotruncal anomaly 
with side by side semilunar valves is “partial distor- 
tion." A bilateral (subaortic and subpulmonary) 
conus can be present, as in the authors' cases,! or 
there can be no subsemilunar conal musculature, as 
in the case of Paul et al.?* of double outlet left ven- 
tricle that they cite. The authors! are not describing 
one type of conotruncal malformation. They are de- 
scribing one type of semilunar interrelationship (side 
by side) that can indeed occur with many very dif- 
ferent conotruncal malformations. 

Hence, returning to the question posed at the out- 
set, I do not think that side by side semilunar valves 
merit a special name per se. It seems to me that no 
new term should be introduced unless it is essential 
for accuracy and clarity. 

How should transposition of great arteries be de- 
fined? Accurately—literally, we think.?5 Trans = 
across and ponere = to place. Transposition of great 
arteries is present if both great arteries are placed 
across (transponere) the ventricular septum: aorta 
arising above the morphologically right ventricle, 
and pulmonary artery originating above the mor- 
phologically left ventricle. The literal meaning of 
transposition of great arteries captures the essence of 
the concept and can hardly be wrong. 

We?® have recently rediscovered that the literal 
meaning of transposition of great arteries is also the 
original meaning of this term.* “Transposition of the 
aorta and pulmonary artery" was coined in 1814 by 
Dr. John Farre27 of London in his description of the 
third known case of this “singular malforma- 
tion."28.29 None of the early writers??-?? mention the 
anteroposterior relation between the aorta and pul- 
monary artery. What Farre?? meant by his term 
"transposition of the arteries" was that the aorta 


*I thank Mr. Richard Wolfe, Rare Books Librarian, 
Countway Library of Medicine, Harvard Medical School, 
for his help in rediscovering the early history of transposi- 
tion of great arteries. 
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arose above the right ventricle, and the pulmonary 
artery originated above the left ventricle. Hence, the 
basic meaning of transposition of great arteries is a 
relationship, one kind of abnormal arterioventricular 
relationship. 

It is very helpful to distinguish between relation- 
ship diagnoses and malformation diagnoses. There 
are several different types of arterioventricular rela- 
tionship18: normal, transposition of great arteries, 
double outlet right ventricle, double outlet left ven- 
tricle, and anatomically corrected malposition. 
There are several different types of conotruncal mal- 
formationià: with underdeveloped subpulmonary 
conus, subaortic conus, bilateral (subaortic and 
subpulmonary) conus, and absence or marked defi- 
ciency of subsemilunar conal musculature. 

Within each type of abnormal arterioventricular 
relationship, there are several very different cono- 
truncal malformations. It is now universally agreed 
that there are several different anatomic types of 
double outlet right ventricle, double outlet left ven- 
tricle and anatomically corrected malposition. The 
same also is true of transposition of great arteries. 


When defined accurately, literally and without 
preconceptions of any kind, transposition is found to 
be one type of abnormal arterioventricular relation- 
ship that includes several very different conotruncal 
malformations.18.20.25 

If one were to call only typical cases (with subaort- 
ic conus and pulmonary-mitral fibrous continuity) 
“transposition” of the great arteries, what would one 
call those other cases that also have a transposed 
arterioventricular relationship? Should each type of 
conotruncal malformation have a special name? One 
can imagine the plethora of special designations that 
could result, each school of thought having its own 
favorites, as used to pertain in dextrocardia. 

The most practical solution seems to be to make 
both types of diagnoses (arterioventricular relation, 
and conotruncal malformation) as accurately as pos- 
sible, in ordinary language; without insisting on spe- 
cial terminology. For example, the cases of Angelini 
and Leachman! have d-transposition of great arteries 
(the arterioventricular relationship) with bilateral 
conus (the conotruncal malformation) and ventricu- 
lar septal defect (the associated malformation). 
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Structure of the Ventricular Myocardium and 


Conduction System 
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Duarte, California 


Three centuries ago Robert Lower stated that the 
ventricular myocardium is a longitudinal band of 
muscle that is wrapped around the heart chambers 
in the manner of a complex bandage. Since that time 
many investigators have attempted to unwind the 
myocardial bundles, but no two patterns are alike. 
These discrepancies may result from the fact that 
the muscle bands can not be dissected until the ex- 
tremely tough collagenous network of the heart is 
dissolved. Unfortunately, the remaining muscle fi- 
bers then resemble a soft ill-defined mass that may 
be “unwound” in many different patterns. 

A new technique for the analysis of the architec- 
ture of tissues has provided data on ventricular 
structure that differ markedly from earlier analyses. 
These studies have been based on the well estab- 
lished anatomic relationship that each cluster of ap- 
proximately 100 muscle fibers is enclosed, together 
with blood capillaries and extracapillary fluids, in an 
epimysial fibrous connective tissue capsule.! Capsu- 
lar enclosure implies that an extracapsular cleft sep- 
arates adjacent capsules (Fig. 1). 

'The geometrical relationships of these clefts can be 
examined by intramuscular (not intravascular) injec- 
tion of various materials. The capsules exclude the 
entry of the injected materials into the intracapsular 
spaces, and they enter only the extracapsular clefts. 
As a result, the injected material outlines the orien- 
tation of each enclosed bundle of muscle fibers. 

Casts of the extracapsular clefts of the heart and 
of other tissues are produced by intraparenchymal 
injection of monomeric liquid methyl methacrylate. 
This monomer, which is less viscous than water, en- 
ters the wall of the myocardium with the ease of an 
intramuscular injection, and spreads freely along the 
natural extracapsular clefts. Hardening of the plastic 
provides an in situ preparation that outlines the di- 
rections of the muscle bundles. The bundles of the 
heart do not follow bandage-like courses. Instead, 
the ventricular myocardium appears to be composed 
of sets of concentric muscle bands arranged in in- 
complete disks. The disks form great circles around 
the center of the ventricular spheroid.? These ar- 
rangements can provide mechanically for the adjust- 
ment of tension development to load, and thereby 
adjust oxygen uptake to tensile load.3 


Address for reprints: Simon Rodbard, MD, Department of 
Cardiology, City of Hope Medical Center, Duarte, Calif. 91010. 


Compartments: The plastic injection technique 
demonstrates that the ventricle is separated into 
nine discrete compartments (Fig. 2). For example, 
plastic injected into the free wall of the right ventri- 
cle remains in this free wall. After the plastic hard- 
ens, digestion of the injected heart in alkali releases 
a cast of the extracapsular clefts of only the free wall 
of the right ventricle and its lymphatic drainage sys- 
tem. The remainder of the heart receives no plastic 
and is digested without residue. Inspection of isolat- 
ed casts of the free wall of the right ventricle shows 
it to be a discrete compartment consisting of many 
disks of muscle bundles. 

Injections of color-coded plastic are used to identi- 
fy and demonstrate other ventricular compartments. 
Thus, injection of yellow plastic into the left ventric- 
ular free wall forms an isolated cast of this free wall. 
Injection of green plastic into the free wall of the 
right ventricle, and of yellow plastic into the free 
wall of the left ventricle, produces separate but 
interdigitated casts of the two free walls. When the 
ventricular septum is not injected with plastic, it 
disappears during digestion, and the remaining cast 
resembles a "single ventricle." Injection of indigo- 
colored plastic into the septum produces a septal 
cast that, despite interdigitation, remains completely 
separated from the adjacent free walls. 

A color injected into a given compartment never 
mixes with colors injected into adjacent compart- 
ments, thus indicating that each free wall is a dis- 
crete compartment containing many disk-shaped 
capsules. Histologic examination shows that each 
free wall is enclosed in a fibrous supercapsule that 
separates it from adjacent compartments. The entire 
base of the ventricle disappears without a trace in 
casts prepared in the foregoing manner. Injections of 
color-coded plastic into the base then provide casts 
of the compartments that form the mitral and tri- 
cuspid inflow rings, and casts of the aortic and pul- 
monic outflow tracts. Related studies demonstrate 
comparable encapsulations and compartmentaliza- 
tions of the uterus,* skin, kidney and other tissues. 

Suborgans (Fig. 2): Our technique shows that the 
ventricular myocardium is divisible into three subor- 
gans: (1) an inlet or cushion that includes the mitral 
and tricuspid rings, valves and papillary muscles; (2) 
a pump or venter that constitutes the major muscle 
mass of the ventricle; and (3) an outlet or infundibu- 
lum which is a relatively small set of muscle bundles 
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FIGURE 1. Generalized tissue structure. Two capsules, each 
containing a cluster of parenchymal cells, are shown. An artery 
enters each cluster at left, divides into numerous permeable 
capillaries (only one is shown in each cluster). Blood flows out 
of venules at right. Ultrafiltrate (curved arrows) from the blood- 
stream passes into the spaces around the parenchymal cells. 
Each cluster of cells is enclosed in a fibrous capsule. Some 
intracapsular fluid filters (arrows) across the capsule to enter 
the extracapsular space where it may be bound by ground sub- 
stances (dots). Extracapsular fluid ultimately enters the lym- 


phatic capillaries (dark, valved vessel) to return to the circula-. 


tion. 
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that spiral around the origins of the aorta and pul- 
monary artery. Each suborgan has three parts: a 
septum, a free right wall and a free left wall (Fig. 2). 

In the primitive heart tube, the posteriorly placed 
cushion is separated by the pump (venter) from the 
anteriorly placed infundibulum. Differential growth 
and elongation of the heart tube during embryogen- 
esis bring the cushion and infundibular suborgans 
into juxtaposition in the base of the heart. The injec- 
tion technique reveals that the infundibulum, com- 
monly considered to be “incorporated” into the ven- 
tricular myocardium, and the primitive cushion re- 
tain their identities, territories and functions in the 
adult heart. 

The foregoing analysis offers insights into some 
congenital anomalies of the heart. Thus, inadequate 
embryonic development of any of the free walls re- 
sults in early heart rupture and death. However, fail- 
ure of development of any of the three septa is com- 
patible with survival. Septal defects may represent 
inadequate development of the cushion (cushion de- 
fect), of the venter (maladie de Roger), or of the in- 
fundibulum (truncus arteriosus or transposition of 
the great vessels). Combinations of septal failures 
generate complex septal defects and even a "single 


INFUNDIBULUM 





FIGURE 2. Suborgans of the ventricle and 
their compartments. Atria (RA and LA) are at 
left. Cushion (C), venter (pump) and infun- 
dibulum are indicated, each with their three 











compartments: right free wall (RFW), septum 
and left free wall (LFW). 


FIGURE 3. Cast of A-V node (above), and 
right and left branches (below). 
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ventricle.” This type of analysis offers new ap- 
proaches to the evaluation of some of the complex 
- anomalies of the heart. 

Conduction system: Casts of the conduction sys- 
tem are also produced by our technique. Injection 
into a false tendon or the moderator band, especially 
in the heart of hoofed animals, introduces plastic 
throughout the bundle branches and into the intra- 
septal conduction network. The injected material 
dissects the conduction muscle from its fibrous 
sheath, forming a tubular cast around the Purkinje 
fiber columns. The injected material flows inside 
the fibrous sheaths of the conduction system on the 
septal and free walls, into the atrioventricular (A-V) 
node and, thence, into the bundle branches of the 
other ventricular chamber. The unity of the conduc- 
tion network is indicated by the injection of the en- 
tire system from a single site. Digestion of hearts 
prepared in this manner releases the casts of the en- 
tire conduction system, including the A-V node, the 
left bundle and its many arborizations. 

The cast of the A-V node in goats or cattle is a flat 
parallelogram (Fig. 3). The cast of the node exhibits 
linear ridges and numerous deeply placed pits. Hun- 
dreds of anastomotic connections in the bundle of 
His and bundle branches are in sites that could en- 
sure relatively. normal depolarization patterns de- 
spite local injury. Casts of the conduction system are 
more difficult to produce in dog and man, apparent- 
ly because of the relatively weak fibrous sheath of 
the conduction system in these species. 

Mechanical considerations suggest that an impor- 
tant role of the conduction system may be literally to 
orchestrate the pattern of depolarization of the nine 
compartments of the ventricle. Thus, early depolar- 
ization of the cushion and contraction of the inlet 
rings around the inlet valves, and of the papillary 
muscles as intraventricular pressures begin to rise, 
can diminish the mechanical stresses on the valvular 
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leaflets. Early contraction of the septum of the vent- 
er offers a fulcrum against which the free walls of 
this suborgan can then contract effectively. 

The infundibulum, the last portion of the heart to 
be depolarized, should normally contract only after 
the venter has completed its ejection. When the ven- 
tricular septum is incomplete, as occurs in amphibi- 
ans and reptiles, the pattern of ventricular ejection 
and the relative distribution of the stroke outputs 
into either the aorta or the pulmonary artery may 
vary with the instantaneous pressures in these ves- 
sels. Catheterization data in man led us to suggest 
that premature infundibular contraction produced a 
subvalvular muscular stenosis? in tetralogy of Fallot. 
Brock and Fleming? later described this process in the 
left ventricle, in the more extensively studied subaor- 
tic muscular stenosis (also known as hypertrophic ob- 
structive cardiomyopathy or idiopathic hypertrophic 
subaortic stenosis). These muscular stenoses appear 
to be due to improper timing of the contraction of a 
compartment of the infundibulum. 

Lymphatics: The cast technique demonstrates the 
rich development of the lymphatic drainage system 
in the normal heart. Documentation of the anatomy 
of the lymphatic system of the heart by the plastic 
injection technique can facilitate decisions con- 
cerning the site of incisions in the heart muscle that 
will produce minimal disturbances of lymphatic 
drainage. 

Conclusions: These new approaches point clearly 
to new concepts of the arrangement of the muscle 
bundles, compartments and suborgans of the ven- 
tricular myocardium. The number of discrete struc- 
tures appears to be greater than indicated in the ear- 
lier concept that the heart is a single band of com- 
plexly wrapped muscle. The newer findings may 
offer improved bases for the analysis of several as- 
pects of structure, function and pathology of the 
heart. 
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In this issue The American Journal of Cardiology 
publishes one of the final articles written by Dr. Ar- 
thur M. Master. Dr. Master died at the age of 77 
years on September 4, 1973 after a short illness. He 
had a long and productive career in cardiology that 
began shortly after his graduation from Cornell Med- 
ical School in 1921, continued with postgraduate 
training in London with Sir Thomas Lewis and cul- 
minated in many years of association with Mount 
Sinai Hospital, New York City, as chief of the elec- 
trocardiographic laboratory and, later, consultant 
cardiologist. 

His prodigious and well recognized accomplish- 
ments in cardiology include the publication of more 
than 400 scientific articles and five textbooks. Of 
course, he is best known for the exercise test that 
bears his name. He recognized and stressed repeat- 
edly that significant coronary artery disease might 
not be revealed in the electrocardiogram taken at 
rest and could be detected with a high degree of reli- 
ability by assessing electrocardiographic changes 
during and after exercise. This concept is accepted 
universally today. However, it was characteristic of 
Dr. Master to expend the enormous effort involved 
in standardizing a safe, simple test that could be 
performed by patients of all ages in a physician's of- 
fice and then to analyze meticulously the results and 
subsequent clinical course of large numbers of pa- 
tients. 

Dr. Master's careful and continued clinical obser- 
vations of patients over the course of many years led 
to important concepts in the management of pa- 
tients with coronary artery disease. Among these 
were the advisability of return to employment and a 
relatively normal life style for many patients who 
had sustained a myocardial infarction. This concept 
—generally accepted today, but greeted with extreme 
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reluctance and even hostility when introduced —has 
had enormous impact on millions of lives in terms of 
productivity and personal fulfillment. Dr. Master's 
careful delineation of the concept of “‘coronary insuf- 
ficiency" related to a variety of cardiac and non- 
cardiac causes and its differentiation from classic 
acute myocardial infarction in pathogenesis, progno- 
sis and treatment is another contribution well ac- 
cepted among today's cardiologists. 

These contributions, and the many others too nu- 
merous to mention here, were a result of Dr. Mas- 
ter's constant striving to learn about disease from 
close observation of the patient. Because he was for- 
tunate in being able to observe many patients over 
many years, he had a dimension of knowledge not 
readily available to other investigators and clini- 
cians. Not many achieved the continuity in relation- 
ship or closeness to the patient that he maintained. 
His personal drives caused him to immerse himself 
in medicine—in teaching, investigation and the clin- 
ical care of patients. He was constantly thinking, 
reading, writing cardiology and had time for relative- 
ly few other interests. Nonetheless, he was devoted 
to and very close to his distinguished family, served 
as a high officer in a variety of medical organizations 
and volunteered for active military service in World 
War II when his age at that time would have permit- 
ted otherwise. He had no serious thought of retire- 
ment and continued all his activities into his 77th 
year, itself a remarkable achievement. During his 
final, short hospitalization at his beloved Mount 
Sinai Hospital he continued to read the cardiologic 
literature and to plan future investigations until 
practically the very end of his life. 

Those who knew Dr. Master know that, to him, 
his most precious achievement was the respect of his 
colleagues in cardiology. He would have liked no 
sweeter finale to his career than publication of his 
last article in this Journal, edited, fittingly, by his 
friend and former close collaborator. 
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LEFT VENTRICULAR PRESSURE IN 
TRANSPOSITION OF GREAT ARTERIES 


In a recent article, Roberts and Fowler! attempted to in- 
crease the accuracy of predicting left ventricular pressure 
in transposition of the great arteries while simplifying the 
principles and methods of Restieaux et al.? There is, how- 
ever, a basic fallacy in their determinations of maximal 
spatial voltages to the left (LMSV) and right (RMSV). 


With use of simultaneous QRS vector loops, X and Y volt-: 


ages were measured for “the point on the frontal loop that 
was farthest to the right of the E point." Z voltage was 
measured as projected on the horizontal plane for the 
same point. When these voltages for X, Y and Z are incor- 
porated into the Pythagorean theorem, a spatial voltage 
results, which is for that point projected farthest to the 
right on the X axis. However, these may not be the maxi- 
mal QRS spatial voltages with relation to all three axes in 
space. As initially discussed by Liebman et al.,? simulta- 
neous X, Y and Z voltages must be determined for each 
point on the vector loop: “The spatial vector was calculat- 
ed at each .002 second interval (each dot) and the largest 
calculated spatial vector so obtained was considered to be 
the maximal spatial vector." (Their term *maximal spa- 
tial vector" is interchangeable with ‘‘maximal spatial 
voltage" as used by Restieaux et al.) It would thus appear 
that Roberts and Fowler’s use of the terms "LMSV" and 
"RMSV" are inaccurate. The authors should call their re- 
sultant voltage the “spatial voltage for that point farthest 
to the left or right in relation to the X axis.” 

We concur that correlation of their spatial voltage 
agrees well with the S/R ratio on the X axis (ratio of ter- 
minal right/left projections on the X axis), since S and R 
represent the specific points utilized in determination of 
the voltage. In other words, Roberts and Fowler are saying 
that they are agreeing with themselves. Obviously, the 
S/R ratio is easier to measure, and indeed appears to be a 
more accurate predictor of left ventricular pressure, than 
their spatial voltage. This should not, however, be related 
to maximal spatial voltages to the left and right, which 
were not measured in their study. Indeed, Restieaux et al. 
found maximal spatial voltage to the left was helpful in 
predicting the ratio of left ventricular to right ventricular 
pressure. 


Gordon Borkat, MD 

Jerome Liebman, MD, FACC 
Victor Whitman, MD 

University Hospitals of Cleveland 
Cleveland, Ohio 
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REPLY 


We studied the magnitude of the instantaneous spatial 
vector farthest to the right and to the left. Of course, the 
X orthogonal lead gives right-left orientation; the Y and Z 
leads do not. Our right and left voltages are true spatial 
voltages since they were calculated using the X, Y and Z 
components and the Pythagorean theorem. To avoid con- 
fusion, we should call our measurement “‘the farthest right 
spatial voltage and the farthest left spatial voltage," as 
suggested by Borkat et al. 

Restieaux's right and left maximal spatial QRS voltages 
refer to the maximal QRS spatial voltage in the whole 
right or left half of the body. It is possible that this volt- 
age is not directed as far to the right or left as our “‘far- 
thest right or left spatial voltage," but it might be larger. 
Our photographic vector display makes it laborious to cal- 
culate the right and left spatial voltage, and Restieaux et 
al. had the aid of a computer. It was a mistake to eom- 
pare our farthest right and left spatial voltages with Res- 
tieaux's maximal spatial right and left voltages. Neverthe- 
less, magnitude of these spatial voltages will be very close 
in most cases. The farthest right and left spatial voltages 
as described in our paper correlate well with right and left 
pressure loads in congenital heart disease. 1:2 

Part of the results in our paper showed a good correla- 
tion (r = 0.69) between the farthest spatial voltage ratio 
and the S/R ratio in X. This correlation indicates that the 
Y lead was not important in these patients in predicting 
left ventricular pressure. Blumenschein et al.? and 
McCaughan et al.* have shown that scalar measurement 
is often more helpful than vector measurement. We were 
not “agreeing with ourselves" but were pointing out that a 
scalar quantity is very easy to measure and is more help- 
ful than our vector quantity in predicting left ventricular 
pressure in transposition of the great arteries. 
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Calendar of Continuing Medical Education Programs 


The National Committee for Con- 
tinuing Medical Education, William 
Likoff, MD, FACC, Chairman, announces 
the following calendar of programs. 

Each program is designed to en- 
large knowledge and clarify the end- 
lessly changing frontiers which mark 
scientific achievements in the recog- 
nition and treatment of cardiovascular 
disease. Although the disciplined ob- 
jective of each program as well as its 
content, format and faculty are pri- 


marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of final re- 
view and approval, whether the pro- 
gram is sponsored solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
Sional societies. 

Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 


gram structures vary as to methods of 
education. 

The National Committee for Con- 
tinuing Medical Education of the Col- 
lege earnestly solicits the interest of 
member and nonmember physicians 
alike in continuing education for the 
clear reason that participation provides 
a unique opportunity to deepen one's 
understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 





Programs and faculty are subject to change. For further information write Mary Anne McInerny, Director, Department of Continuing 
Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 
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rector. Rancho Santa Fe 
Inn, Rancho Santa Fe, Calif. 
NOV. Clinico-Pathologic Correla- 
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DEC. Colloquia in Cardiology: 

12 Number 6—Electrophysio- 
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INSTRUCTIONS FOR AUTHORS 


The editors and publishers of THE AMERICAN JOURNAL OF CARDI- 
OLOGY welcome concise articles devoted to carciovascular disease. Ar- 
ticles must be contributed solely to THE AMERICAN JOURNAL OF CAR- 
DIOLOGY and become the property of the Publisher. The Publisher re- 
serves copyright and renewal on al! published material, and such mate- 
rial may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the au- 
thors. Authors will assist the editors in the prompt processing of manu- 
scripts if these instructions are followed: 


THE WHOLE PAPER 


€ Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 
10019. 

e Submit two copies of all elements 
of the article: text, references, leg- 
ends, tables and figures. 

e Arrange the paper in this order: 
(1) title page; (2) abstract; (3) text; 
(4) references; (5) legends; (6) ta- 
bles; and (7) figures. 

e Number all pages in above se- 
quence, beginning with title page as 
1, abstract as 2, etc. 

e Type all matter: (1) on 814 x 11 
opaque white bond paper; (2) in du- 
plicate; (3) on one side of each sheet 
only; (4) double-space; (5) leave wide 
margins, all four sides. 


THE TITLE PAGE 


e Number title page as page 1. 

e Include first names, degrees and, 
where applicable, FACC for all au- 
thors. 

e Insert at bottom: name and ad- 
dress of institution from which work 
originated plus information about 
grants. 

e Add at bottom the phrase ''Ad- 
dress for reprints: . . ." followed by 
full name and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: an alpha- 
betical list of 2 to 6 key words and 
subjects for indexing. 


THE TEXT 


e Number pages in sequence after 
abstract. 

e Type in duplicate; double-space. 
e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 
Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 


e Cite in numerical order every ref- 
erence, figure and table. (Order of 
mention in text determines the num- 
ber given to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 

e Type in duplicate; double-space. 

e Place immediately after text, and 
number pages in sequence after text 
page numbers. 

e Number the references in order in 
which they are mentioned in text. 

e Follow the general arrangement, 
abbreviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of references. 

e ldentify at the end of each legend 
and in alphabetical order all abbrevia- 
tions in the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of legends. 


e Give each table a number (in roman 
numerals: Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all 
abbreviations used. 


THE FIGURES 


* Submit 2 glossy prints (not origi- 
nals) of each photo and drawing. 


Please note that art work of published 
articles will not be returned. 
* Use black ink for all charts (line 
drawings). Make decimals, broken 
lines, etc. strong enough for repro- 
duction. 
* Use arrows to designate special fea- 
tures. 
e Crop photomicrographs to show 
only essential field. 
e Identify figures on back by num- 
ber and author's name. 
e Number figures in order in which 
they are mentioned in the text. 
e Indicate top of each figure. 
e Submit written permission from 
publisher and author to reproduce 
any previously published figures. 
e Limit figures to number necessary 
for clarity. The publisher allows a 
limited sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed), Baltimore, 


Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 
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Sentry 75 
rentricular inhibited 
)ulse generator 


GENERAL GB ELECTRIC 





Sentry 75... 
one generator 


that meets long-term 


pacing demands 


The Sentry 75 ventricular 
inhibited pulse generator 
maximizes the potentials of a 
proven power source to deliver 
extended pacing life to most 
patients, regardless of 
threshold value. 


It is General Electric’s positive 
response to the medical 
profession’s demand for a 
simple, extended-life pacing 
system to serve the large 
majority of patients. 


The Sentry 75 presents no 
alterations in implant 
technique or patient 
management. It is compatible 
with all GE electrodes, and the 
long reliable service life can 
be monitored easily by both 
patient and physican. 

The Sentry 75 is powered by 
the industry’s first mercury/ 
zinc cells specifically designed 
for implantable pulse 
generator applications. A 
complete redesign of both 
this power cell and circuitry 
now make possible a pulse 
generator which can be 
expected to deliver a 4 to 6 
year life, with an assurance 
factor greater than generators 
using normal mercury/zinc 
batteries. 


Your GE representative can 
provide you with information 
regarding patient testing, 
warranties, and availability 
in your area. 


Optimized power 
source capability. 





Redesigned power cells. The 
mercury/zinc battery is a long 
proven power source familiar 
to the medical profession. Its 
chief liability has not been in 
the chemical composition, but 
in its construction. GE design 
aims were to maximize power 
utilization and reduce internal 
losses to produce a power cel! 
capable of far longer and more 
reliable service life. 


Note the new GE power cell is 
rectangular. It displaces the 
same volume as 2 circular 
batteries, yet contains 5096 
greater capacity (3000 mA 
hours vs. 2000) than 2 circular 
batteries operating in parallel. 
Two of these high-capacity 
cells, connected in series, 


power the pulse generator. 


Internal discharge, a problem 
with previous batteries 
resulting from shorting 
electrodes, has been virtually 
eliminated by 6 wraps of ane 
non-degradeable separator. 
These multi-wraps replace th: 
single-wrap separator 
presently used in mercury/ 
zinc batteries. 


The power cell case is solid 
nickel to prevent case-to- 
electrolyte reaction, another 
potential source of self- 
discharge. 


Welded internal contacts to 
electrodes preclude the 
possibility of “open” contact: 
a design shortcoming with 
ordinary pressure contacts. 
The negative terminal is 
isolated from the cap througl 
a hermetic ceramic-to-metal 
seal, and the cap is welded to 
the top of the cell to prevent 
electrolyte seepage across th 
2 terminals. And as one last 
safety precaution, the positivi 
pressure vent is located at th« 
end of the cell, remote from 
the terminals. 


Simplified circuitry 
for reliability. 


New circuit efficiencies. 
Through the development and 
adaptation of thick-film 
hybrid circuitry, born of 
aerospace technology, almost 
one-half the normal electrical 
interconnections are 
eliminated. The new circuits 
improve electrical efficiency 
by 45% (135 micro-watts of 
power drain vs. 244 micro- 
watts formerly). 





The new micro-circuitry in 
both the sensing and pacing 
circuits—plus the rectangular 
power cells—allow a 25% 
reduction in the volume of the 
generator. Thus, while 
generator size is reduced, 
power capacity is increased 
50%. 


Hermetic sealing of these 
critical hybrid circuits, plus a 
second overall hermetic 
sealing of the complete 
circuitry, virtually locks-out 


deteriorative moisture. The 
metal hermetic containers also 
provide additional protection 
from electromagnetic 
interference (EMI). 


In addition, patient defibrilla- 
tion can be conducted without 
damaging the generator. 


Adapts to 
electrodes. 


Implant procedures are not 
altered because the Sentry 75 
is compatible with all existing 
GE electrodes which feature 
simple self-sealing, push-pull 
connectors. It is also adaptable 
to the electrodes of other 
manufacturers. 


The pulse generator is 
provided as a bipolar system 
which, at implant, can be 
converted to unipolar pacing 
if desired. This is accomplished 
by simply removing the 
insulating label covering the 
metallic plate electrode on the 
generator's surface, and 
attaching it to a unipolar 
electrode, or to a bipolar 
electrode adapted for unipolar 
pacing. 








Standardized 
output. 


Choice of rates. Two models 
of the Sentry 75 pulse 
generator are presently 
available with two additional 
models scheduled for sub- 
sequent availability. Models 
differ only in pacing and 
hysteresis rates. 


Hysteresis 
Pace (Escape 
Model Rate Rate) 
A2075A/AD | 73 63 


A2075B/BD | 80 70 
A2075C/CD*| 85 80 
A2075D/DD*| 73 71 


*Available second quarter of 1974. 
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Patient 
management. 


The Sentry 75 pulse generator 
has a built-in service-life 
indicator that is simple and 
easy to use. The pulse 
generator’s pacing rate is 
highly dependent upon battery 
voltage; thus as battery voltage 
begins to fall near end-of-life, 
pacing rate will decrease. This 
change in rate can be easily 
and accurately monitored 
when a GE patient sensor and 
rate-interval computer are 
used. The latter is a desk-top 
unit which, used in conjunction 
with the patient sensor, 
enables the physician to check 
the patient’s pacemaker over 
the phone between regular 
office visits. The patient can 
also be instructed to check 

his own rate with the sensor. 





Clinical 
evaluation. 


Laboratory tests of the Sentry 
75 components were con- 
ducted for 2 years before any 
implants in humans were 
undertaken. Clinical evalua- 
tions began on a worldwide 
basis in November, 1972. 
Physicians representing more 
than 15 major hospitals and 
medical centers are 
participating in the program. 





General Electric 
Medical Systems, Milwaukee, 
Toronto, Liege, Madrid 
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New no-wait paper puts the data in your hands fast. 


In critical care situations, new Kodak Linagraph 2201 
paper gets quality data to you direct from 

your recorder. With an Electronics for Medicine recorder 
and Rapid Writer, you get processed tracings 

that are ready to use. 


There’s no delay. Traces are clean and 
legible, have good contrast, on paper that 
takes notations in pencil or pen. 


The sensitivity of Linagraph 2201 
paper meets almost every need. And if 
on-line processing isn’t available, the 
paper may be processed by other 
convenient methods: 

rewind processors, trays, 

oscillogram processors. 


That’s it: there’s no longer any need 
to wait for processed data. And no 
need to wait for more information 
about Linagraph 2201 paper. Send 
us the coupon and we'll process your 
request—quickly. 


New Kodak Linagrüph 2201 paper: | 


^ mo wait for x pressing 4 
3 " X 


o9 


EASTMAN KODAK COMPANY 
Department 412L, Rochester, N.Y. 14650 


[.] Send literature on Kodak Linagraph 2201 paper. 

[.] Have representative call. 

Name 

Address 

City State 

Zip Telephone 


Type of equipment 





Jur po 


i abie defibri 
is a whole lot more 


than portable. 


What sets our PDS-25 apart 
from the other portables are 
the features we’ve built into it. 

It has a monitoring cardio- 
scope to show clear ECG 
waveforms. (For emergency 
monitoring, the paddlês may 
be used as chest electrodes). 
A built-in synchronizer for 


cardioversion. Fail-safe 
safety devices including an 
automatic test circuit to 
indicate when charging is 
needed. Gould nickel- 
cadmium batteries that 
deliver 300 watt-seconds of 
energy and 60 shocks from 
just one charge. Optional 
accessories including an 
FM converter to transmit 


ECG waveforms by telephone. 


or 


A low price that’s maybe 
the best feature of all. 
When you consider the 
features and cost, you’ll ha 
a hard time finding another 
defibrillator that comes 
anywhere close to the PDS-4 
Write for our free brochure 
Gould Inc., Instrument 
Systems Division, 3631 
Perkins Avenue, Cleveland, 
Ohio 44114. Telephone (216 
361-3315. Or Kouterveldstra 
z/n, B-1920 Biegem, Belgiu 
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THE ONE 
THAT’S TWO 


The MED DATA HIGH RATE ATRIAL PACEMAKER is really something in itself. 
A high rate atrial pacer that can correct certain rhythm disturbances as 
well as diagnose others. In fact, our pacer even tells you when battery 
deterioration is detected via its own warning light. 


But there’s still more. A simple rate change turns our pacer into a fixed 
rate ventricular pacemaker as well; with a safety lock that prevents 
accidental rate change. And, ours is the only pacer with an adjustable 
pulse width—.5-5ms. 


Our high rate atrial pacer is a lot of pacemaker for $495.00. Write or 
call us for more information—on the one that’s two. 


MED DATA INC. 2715 Marshall Ct. (Doctors Park) 
Madison, Wi. 53705— Phone 608/231-3481 


NAME 
ADDRESS 
seit n. —— — 
PHONE 
COMMENTS. 
2715 Marshall Ct. 


Madison, Wi. 53705 
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—— Available directly from the AMERICAN COLLEGE OF CARDIOLOGY 





NOW YOU CAN PARTICIPATE 
IN A MONTHLY MULTIMEDIA PROGRAM 
EXCLUSIVE TO THE FIELD OF CARDIOLOGY 





LAG ——— 
S/S 
AMERICAN COLLEGE OF 

CARDIOLOGY EXTENDED LEARNING 





This multimedia (tapes, slides, printed booklet) audio tape program 
includes 60 minutes of clinically oriented information on the art of 
diagnosis and treatment of cardiovascular disease to its subscribers 

each month. The audio cassette tapes include recorded panel discussions 
interviews with noted authorities and self-assessment quizzes. In 
addition, 35 mm slides and a monthly personal continuing education 
notebook are supplied as a part of this professional service. 


Join the more than 4,700 subscribers who are listening each month. 


Vol. 5, No. 10 October 1973 
Voice for ACCEL™ — E. Grey Dimond, M.D. 


Side 1 
Electrocardiogram of the Month 
Irwin Hoffman, M.D. and James E. Crockett, M.D. 


The Use of Long Acting Nitrites in Angina Pectoris 
Henry |. Russek, M.D. 


Scanning the Literature 
E. Grey Dimond, M.D. 


Side 2 


Adaptation of the Circulation in the Neonate with 
Congenital Heart Disease 
Abraham M. Rudolph, M.D. and Herbert D. Rutten- 
berg, M.D. 


Scanning the Literature—Book Review 
E. Grey Dimond, M.D. 


The Passirg Scene—David Milford Hume, M.D. 


Scanning the Literature 
E. Grey Dimond, M.D. 


E. Grey Dimond, 
Editor-sn-Chref Associate Editor M.D., F.A.C.C. 
B. L. MARTZ, M.D. SUZANNE B. KNOEBEL, M.D. ACCEL™ 


Assoctate Editor Associate Editor 
JAMES H. GETZEN, M.D. ALBERT S. PASINI Editor-in-Chief 


Associate Editor Managtng Editor 
® 1973 American College of Cardiology 


E. GREY DIMOND, M.D. JAMES E. CROCKETT, M.D. 


Assistant Editors: 


MURRAY S. HOFFMAN, M.D. HERBERT D. RUTTENBERG, M.D. 
ROBERT W. OBLATH, M.D. 


ALFRED SOFFER, M.D. 





Please enter my one yeer (12 issues) subscription to ACCEL™ 











| enclose $ for the plan checked below: Name 
(Please print) 

PLAN A 
CASSETTE TAPES WITH Subscription Address 
GENERAL ELECTRIC PLAYER/RECORDER No. Street 

O ACC member, $105 

O Non-member, $115 : 

City State Zip Code 


PLAN B 
CASSETTE TAPES ONLY 


O ACC member, $60 
O Non-member, $70 
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(U.S. Funds) 


Type of Practice 


Check made payable to the American College of Cardiology should 
accompany this application and be forwarded ta: ACCEL™, American 
College of Cardiology, 9650 Rockville Pike, Bethesda, Maryland 20014. 
Payment in full must accompany al! subscription orders. 


(U.S. Funds) 
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eoa today, and tomorrow.” 


Yesterday. The Honeywell pa- 
tient care commitment began 
more than 15 years ago, when 
we first offered products and 
systems for biomedical applica- 
tion. Even back then, Honeywell 
recognized the fact that physio- 
logical data systems should 
consist of more than just good 
hardware. And that our commit- 
ment to you and to better pa- 
tient care must be total. 

Today. Today, Honeywell prod- 
ucts for health care can be found 
in cardiovascular diagnostic, 
surgical monitoring facilities, hos- 
pital data centers and clinical 
laboratories throughout the 
world. Our commitment 
now includes six different 
physiological data systems: 

a phonocardiography sys- 
tem, an echocardiography 


system, a catheterization sys- 
tem, a surgery system, a surgical 
intensive care system and a G.I. 
motility system. Each of these 
was designed to fit a specific 
area or application, and are all 
backed by the Honeywell com- 
mitment. Which means that they 
have been medical-engineered 
and are supported by Honey- 
well application specialists — to 
assist you in configuring them — 
by professional training for your 
people in their use, and by a 
comprehensive service pro- 
gram. 














Tomorrow. Tomorrow's bio- 
medical monitoring systems are 
being designed and built now in 
Honeywell R/D facilities...to 
make your job easier, to make 
diagnosis more accurate and to 
help ensure even better patient 
care. When these systems are 
ready to be released, they, too, 
will be backed by the Honeywell 
total commitment. 

To get more information on the 
Honeywell biomedical systems 
mentioned above, please call or 
write: Peter Hamilton, Biomedical 
Products Department, Honeywell 
Test Instruments Division, 

P.O. Box 5227, 
Denver, Colorado 80217, 
(303) 771-4700. 

Please specify which of 

these systems you are 
specifically interested in. 


Honeywell 
The Automation Lcid 
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Now more than ever... 
essential guidance for every 
physician involved in 
prescribing, testing, 
administering modern drugs 
and diagnostic aids 


ALL NEW 1973 
12th EDITION 


MODERN DRUG ENCYCLOPEDIA 
and THERAPEUTIC INDEX 


Thousands of changes since the previous edition . . . hundreds dosage and adninistrations...availability...Bureau of 
of brand new entries...gives brand names... generic Narcotic and Dengerous Drug Schedules and Ratings... 
names...chemical names... descriptions... indications... 
pharmacological actions...indications and ‘contra-indica- 
tions... precautions. . . warnings ... adverse reactions... currently used ethical drugs. 
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Blood serum level toxicity schedules ...for over 3,000 


In short, everything you need for quick, comprehensive referencing in one 
ruggedly bound, easy to handle volume. 


PLUS—Special Chapters on pharmacologically similar drugs. 


PLUS—The All-important therapeutic index...for the widest possible 
therapy selection. 


PLUS—A Manufacturers Index, listing Company Names, Addresses and 
their products. 


AND our editorial staff of physicians and pharmacists has MODERN DRUG ENCYCLOPEDIA is always up-to-date... 
compiled a NEW GENERAL INDEX for your convenience. with your purchase of MDE-12 you will receive FREE of 
It's scientifically designed for first hit look ups by both generic charge a two year supplement service — MODERN 
and brand names. DRUGS. 


Please order now . . . make sure your copy of MDE-12 is earmarked for your office. 


12th EDITION MODERN DRUG ENCYCLOPEDIA ^ic 


THE YORKE MEDICAL GROUP 
666 Fifth Avenue, New York, New York 10019 


Please send one copy of the new 12th Edition of MODERN DRUG ENCYCLOPEDIA AND THERAPEUTIC INDEX 
at the regular price of $30.00. 
(Outside U.S.A. price $37.00). 


C] My check for $___is enclosed. L] Bill me. 
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A Convenient Reference Source to... 


...A5 Year Period of Explosive Advancement in the Field of Internal Medicine 


THE AMERICAN JOURNAL OF MEDICINE’s 
CUMULATIVE INDEX 


Covers all material published in THE AMERICAN JOURNAL OF 
MEDICINE from July 1966 through June 1971 


Case Reports °  Clinicopathologic Conferences 


Symposia œ Clinical Studies * Reviews 


Includes Author Index—and—Subject Index (Complete cross 
indexing of subjects for quick and easy reference) 


Please use handy order form below. 


THE AMERICAN JOURNAL OF MEDICINE 
666 Fifth Avenue, New York, N. Y. 10019 


Please ship — ^ A copy(ies) of THE AMERICAN JOURNAL OF 
MEDICINE’S 5 Year (1966-1971) Cumulative Index—priced at 
$7.50* each. 


» 
l 
l 
| 
| 
| 
| 
| 
| 
| 
[] Payment enclosed (Thank you) 
| 
| 
| 
l 
l 
| 
| 
| 
| 
| 
l 
| 
| 
| 





Address 
Cusco Sae Zip Code 


A Publication of the Yorke Medical Group. The Dun « Donnelley 
Publishing Corp. 





*For delivery in New York State please add appropriate sales tax. 
In New York City 7%. 
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Ready This Fall 


THE AMERICAN JOURNAL OF CARDIOLOGY 
5 YEAR CUMULATIVE INDEX* 


Covers all material published in THE AMERICAN JOURNAL OF CARDIOLOGY from 
January 1968 through December 1972. 


e CLINICAL STUDIES 
e EXPERIMENTAL STUDIES 
e SYMPOSIA 
e REPORTS ON THERAPY 
e REVIEWS 
e SEMINARS 
e CASE REPORTS 
e DIAGNOSTIC SHELF 
e HISTORICAL MILESTONES 


Includes Author Index—and—Subject Index 


All subjects are cross indexed for quick and easy reference 


*There is a limited supply of the 10 Year Cumulative Index available—January 1958 through 
December 1967. —Price $10.00. While supply lasts order both for only $15.00. 


Please use order form below. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P. O. Box 1172, Radio City Station, New York, N. Y. 10019 


Send me THE AMERICAN JOURNAL OF CARDIOLOGY Cumulative index or indexes 
as checked below. 


| | 
| | 
| | 
| | 
| | 
| | 
| | 
| 
l Enclosed is my check for $8 | ] for 5 YEAR CUMULATIVE INDEX 1968-1972 | 
- Enclosed is my check for $10 [_] for 10 YEAR CUMULATIVE INDEX 1958-1967 l 
| | 
| | 
| | 
| | 
| | 
| l 
| | 
| | 
| 
| l 

l 





Enclosed is my check for $15 | |] for both the 5 and 10 YEAR CUMULATIVE INDEXES 


Name 
Address 


City. State Zip. 


Please add appropriate sales tax if in New York State and New York City 
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Diagnost OP allows you to demonstrate 
ontrast media injections by brilliant 
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apid sequence films. 
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able when not in use, so you hardly 
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for clinical 
applications 


€ Designed for clinical O.R. 
or cath lab use 


€ Easily applied handle- 


type probe 


€ Patient safety assured 
through isolation circuitry 


€ Simple to operate - 
minimum controls - direct 
meter readout in milliliters 


per minute 


Biotronex Laboratory, INC... 9153 Brookville Rosd Silver Spring, Maryland 20910 Phone: 301/588-6400 
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for 
clinical 
applications 


€ Convenient, handle-ty pe 
probe with positive 
capture slide 


€ Designed for O.R. and 
cath lab use 


€ For rapid analysis of 
flow through exposed 
blood vessels 


€ Use with Biotronex 
clinical blood flowmeter 
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for 
bypass 
applications 


€ Use with heart-lung 
machine, artificial kidney 
or similar systems 


€ Iron core construction 
provides high sensitivity 
and accuracy 

€ Operates with BLI 


research and clinical 
blood flowmeters 


€ Available in sizes to fit 
most tubing 








Specializing in electrocardiography 
since 1966 has enabled Marquette to 
attain a position of solid leadership in 
this field. From office EKG’s to com- 
puterized EKG processing centers, 
look to Marquette. It’s our only 
business. 


ræ Marquette 


...biomedical systems worldwide 















“The drug of choice 
for oral replacement 


of potassium is 
um chloride 


potass 
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COMPOSITION: Each 15 cc. (one table- 
spoonful) contains potassium chlorida 1.5 
Gm., supplying 20 mEq. of elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 496. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponding daily dose is 


(opet Cooper Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 


Solution." 
Kay Ciel Elixir is. 

otassium chloride... 
astes good too! 


AMA Drug Evaluations 1971, First Ed tion, 
Chicago, American Medical Association, p. 121. 


often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication. Patients should be frequently 
checked and periodic ECG and/or plasma 
potassium levels made. High plasma con- 
centrations of potassium ion may cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patients with cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessress, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 

fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 





exists, it should be promptly treated with 
the discontinuance of potassium adminis- 
tration or other steps to lower serum levels 
if indicated, since sudden shift in plasma 
levels may induce potentially dangerous 
carciac arrhythmias. 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoonful (15 cc.) diluted in one 
glass of water, twice daily after the 
morning and evening meal. Larger doses 
may be incicated according to the indi- 
vidua! patient's requirements but should 
be administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gallon ' 
bottles. GN. 
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rescribing Information 


ARNING—Lasix® (furosemide) is a potent diuretic which if given in ex- 
Pssive amounts can lead to a profound diuresis with water and electro- 
te depletion. Therefore, careful medical supervision is required, and 
pse and dose schedule have to be adjusted to the individual patient’s 
peds. (See under “DOSAGE AND ADMINISTRATION.”) 


ESCRIPTION—Lasix is a diuretic, chemically distinct from the organo- 

ercurials, thiazides and other heterocyclic compounds. It is character- 

ed by: 

a high degree of efficacy; 

a rapid onset of action; 

a comparatively short duration of action; 

a ratio of minimum to maximum effective dose higher than 1:10; 

the fact that it acts not only at the proximal and distal tubules but also 
at the ascending limb of Henle’s loop. 

hsix is an anthranilic acid derivative. Chemically, it is 4-chloro-N-furfury!- 

sulfamoylanthranilic acid. 


DICATIONS—Lasix is indicated for the treatment of the edema assc- 
ated with congestive heart failure, cirrhosis of the liver, and renal dis- 
hse, including the nephrotic syndrome. Lasix is particularly useful when 
agent with greater diuretic potential than that of those commonly em- 
loyed is desired. 
Hypertension—Lasix Tablets may be used for the treatment of hyper- 
nsion alone or in combination with other antihypertensive drugs. Hyper- 
nsive patients who cannct be adequately controlled with thiazides will 
obably also not be adequately controllable with Lasix alone. 


ONTRAINDICATIONS—Because animal reproductive studies have shown 
at Lasix (furosemide) may cause fetal abnormalities, the drug is contra- 
dicated in women of child-bearing potential. 

Lasix is contraindicated in anuria. If increasing azotemia and oliguria 
cur during treatment of severe progressive renal disease, the drug 
ould be discontinued. In hepatic coma and in states of electrolyte de- 
etion, therapy should not be instituted until the basic condition is im- 
oved or corrected. Lasix is contraindicated in patients with a history of 
persensitivity to this compound 

Until more experience is accumulated in the pediatric use of Lasix, 
ildren should not be treated with the drug. 


ARNINGS—Excessive diuresis may result in dehydration and reduction 
blood volume, with circulatory collapse and with the possibility of vas- 
lar thrombosis and embolism, particularly in elderly patients. Excessive 
BS of potassium in patients receiving digitalis glycosides may precipitate 
pitalis toxicity. Care should also be exercised in patients receiving potas- 
m depleting steroids. 

Frequent serum electrolyte, CO; and BUN determinations should be 
rformed during the first few months of therapy and periodically there- 


after, and abnormalities corrected or the drug temporarily withdrawn. 


In patients with hepatic cirrhosis and ascites, initiation of therapy wit 
Lasix (furosemide) is best carried out in the hospital. Sudden alterations 
of fluid and electrolyte balance in patients with cirrhosis may precipitate 
hepatic coma; therefore, strict observation is necessary during the periodi 
of diuresis. Supplemental potassium chloride and, if required, an aldo 
pee Sth antagonist are helpful in preventing hypokalemia and metabolic 
alkalosis. 

As with many other drugs, patients should be observed regularly for the 
possible occurrence of blood dyscrasias, liver damage, or other idiosyn- 
cratic reactions. 

In those instances where potassium supplementation is required, coated 
potassium tablets should be used only when adequate dietary supplemen- 
tation is not practical 

There have been several reports, published and unpublished, concern- 
ing nonspecific small-bowel lesions consisting of stenosis, with or without] 
ulceration, associated with the administration of enteric-coated thiazides| 
with potassium salts. These lesions may occur with enteric-coated potas- 
sium tablets alone or when they are used with nonenteric-coated thiazides, 
or certain other oral diuretics. 

These small-bowel lesions have caused obstruction, hemorrhage, and 
perforation. Surgery was frequently required, and deaths have occurred. 

Available information tends to implicate enteric-coated potassium salts, 
although lesions of this type also occur spontaneously. Therefore, coated 
potassium-containing formulations should be administered only when in- 
dicated, and should be discontinued immediately if abdominal pain, dis- 
tention, nausea, vomiting. or gastrointestinal bleeding occurs. 

Patients with known sulfonamide sensitivity may show allergic reac- 
tions to Lasix. 


PRECAUTIONS—As with any potent diuretic, electrolyte depletion may oc- 
cur during therapy with Lasix, especially in patients receiving higher 
doses and a restricted salt intake. Electrolyte depletion may manifest itself 
by weakness, dizziness, lethargy, Teg cramps, anorexia, vomiting, and/or 
mental confusion. 

In edematous hypertensive patients being treated with antihypertensive 
agents, care should be taken to reduce the dose of these drugs when Lasix 
is administered, since Lasix potentiates the hypotensive effect of anti- 
hypertensive medications. 

Asymptomatic hyperuricemia can occur and gout may rarely be precipi- 
tated. Reversible elevations of BUN may be seen. These have been ob- 
served in association witn dehydration, which should be avoided, par- 
ticularly in patients with rena! insufficiency. 

When parenterai use of Lasix precedes its oral use, it should be kept 
in mind that cases of reversible deafness and tinnitus following the injec- 
tion of Lasix have been reported. These adverse reactions occurred when 
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TABLETS 40mg 


hsix (furosemide) was injected at doses exceeding several times the 
bual therapeutic dose of 1 to 2 ampuls (20 to 40 mg). 
Periodic checks on urine and blood glucose should be made in diabetics 
d even those suspected of latent diabetes when receiving Lasix. In- 
leases in blood glucose, and alterations in glucose tolerance tests with 
bnormalities of the fasting and two-hour post-prandial sugar have been 
bserved, and rare cases of precipitation of diabetes mellitus have been 
ported. 
Lasix may lower serum calcium levels, and rare cases of tetany have 
ben reported. Accordingly, periodic serum calcium levels should be 
tained. 
Patients receiving high doses of salicylates, as in rheumatic diseases, 
conjunction with Lasix may experience salicylate toxicity at lower 
pses because of competitive renal excretory sites. It has been reported in 
e literature that diuretics such as furosemide may enhance the nephro- 
kicity of cephaloridine. Therefore, Lasix and cephaloridine should not 
administered simultaneously. 
Sulfonamide diuretics have been reported to decrease arterial respon- 
eness to pressor amines and to enhance the effect of tubocurarine. 
eat caution should be exercised in administering curare or its deriva- 
es to patients undergoing therapy with Lasix, and it is advisable to dis- 
bntinue Lasix for one week prior to any elective surgery. 


DVERSE REACTIONS—Various forms of dermatitis, including urticaria 
d rare cases of exfoliative dermatitis, erythema multiforme, pruritus, 
hresthesia, blurring of vision, postural hypotension, nausea, vomiting, or 
arrhea, may occur. 

Anemia, leukopenia, aplastic anemia, and thrombocytopenia (with pur- 
ra) may occur. Rare cases of agranulocytosis have occurred which re- 
ponded to treatment. 

In addition, the following rare adverse reactions have been reported; 
pwever, relationship to the drug has not been established with certainty: 
yeet taste, oral and gastric burning, paradoxical swelling, headache, 
undice, thrombophlebitis and emboli (see "WARNINGS"), and acute 
Ancreatitis. 

Lasix induced diuresis may be accompanied by weakness, fatigue, light- 
Padedness or dizziness, muscle cramps, thirst, increased perspiration, 
inary bladder spasm and symptoms of urinary frequency. 

As far as hyperglycemia is concerned, see ‘‘PRECAUTIONS.” 


OSAGE AND ADMINISTRATION—The usual dose of Lasix is 1 to 2 tablets 
0 to 80 mg) given as a single dose, preferably in the morning. Ordinarily, 
prompt diuresis ensues. Depending on the patient’s response, a second 
Dse can be administered 6 to 8 hours later. This dosage and dosage 
hedule can then be maintained or even reduced. 
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in 
long-term 
therapy of 


cardiac 
edema 


to maximal doses of thiazides, the following schedule should be used 
Increase this dose by increments of 1 tablet (40 mg) not sooner than 6 t 

8 hours after the previous dose until the desired diuretic effect has bee 

obtained. This individually determined single dose should then be give 

once or twice daily (e.g., at 8:00 a.m. and 2:00 p.m.). The dose of Lasix 
(furosemide) may be carefully titrated up to 600 mg per day in those pa 
tients with severe clinical edematous states. Higher doses are current 

under investigation. 

The mobilization of edema may be most efficiently and safely accom 
plished by utilizing an intermittent dosage schedule in which the diuretiq 
is given for 2 to 4 consecutive days each week. With doses exceeding 8q 
mg/day and given for prolonged periods, careful clinical and laborator 
observations are particularly advisable. 

Hypertension—The usual dose of Lasix is one tablet (40 mg) twice daily 
both for initiation of therapy and for maintenance. Careful observations 
for changes in blood pressure must be made when this compound is used 
with other antihypertensive drugs, especially during initial therapy. Thq 
dosage of other agents must be reduced by at least 50 percent as soon a 
Lasix is added to the regimen to prevent excessive drop in blood pressure 
As the blood.pressure falls under the potentiating effect of Lasix, a furthe 
reduction in dosage, or even discontinuation, of other antihypertensive 
drugs may be necessary. It is further recommended, if one tablet (40 mg) 
twice daily does not lead to a clinically satisfactory response, to add othe 
hypotensive agents, e.g., reserpine, ratherthan to increase the dose of Lasix 

Until more experience is accumulated in the pediatric use of Lasix 
children should not be treated with the drug. 


HOW SUPPLIED—Lasix (furosemide) Tablets are supplied as white, mono 
grammed, scored tablets of 40 mg in amber bottles of 100 (FSN 6505-062 
3336), 500, and Unit Dose 100's (20 strips of 5) (FSN 6505-117-5982) 
Note: Dispense in dark containers. Exposure to light may cause slight dis 
coloration which, however, does not alter potency. PRINTED IN U.S.A. 3-73 


Start with-, S 
and stay with Lasix®(FuROSEMIDE) 
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If you're testing for both | 
trig od pr cholesterol, A 
chances are you will detect more than _ 
9 out of 10 patients (over 95%) E 
with hyperlipidemia.' 








IF GIVEN IN CONJUNCTION WITH ANTICOAGULANTS 


UP TO 35% REDUCTION OF 
ELEVATED CHOLESTEROL LEVELS 
Cholesterol levels above 250 mg.% have decrease 
as much as 35%...and reductions up to 50% ha 
been reported.?^? 


UP TO 61% REDUCTION OF 
ELEVATED TRIGLYCERIDE LEVELS 
Triglyceride levels above 150 mg.% have decrease 
as much as 61%...and reductions up to 90% hav 
been reported.?:5 


10 YEARS OF SUCCESSFUL 
OVERALL CLINICAL EXPERIENCE 
Reliable cholesterol- and triglyceride-lowering effe 
ersists as long as treatment is uninterrupted.? 
Vanthoniake may regress or disappear completel 


ONE ATROMID-S CAPSULE 
FOUR TIMES A DAY 
A simple, well-accepted regimen that patients ca 
stay with. Same dosage for all patients at all time 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN CONJUNCTION WITH ATROMID 
(CLOFIBRATE). THE DOSAGE OF THE ANTICOAGULANT SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON TE 
INDIVIDUAL CASE) TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATION 
FREQUENT PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PRC 


THROMBIN LEVEL HAS BEEN STABILIZED. 
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the most widely prescribed lipid-lowering agent- 
significantly reduces 
elevated levels of cholesterol and/or triglycerides, 
not just cholesterol alone 


Hyperlipidemia /Atromid-S Ayerst. 


(clofibrate 





AN IMPORTANT NOTE: It has not been established whether the drug-induced lowering of serum cholesterol or 
lipid levels has a detrimental, beneficial, or no effect on the morbidity or mortality due to atherosclerosis or coro- 
nary heart disease. Several years will be required before current investigations will yield an answer to this question. 








See last page of advertisement for prescribing information. 


Atromid-S (clofibrate) 


helpsreduce elevated cholesterol 
and/or triglyceride levels — 
not just cholesterol alone 





BRIEF SUMMARY 


(For full prescribing information, see package circular.) 
ATROMID-S® (clofibrate) 
Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: Artromip-S is indicated as adjunctive therapy to diet and 
other measures for the reduction of elevated serum cholesterol (especially the 
beta lipoprotein fraction) and/or triglycerides. Clofibrate appears to have a 
greater depressant effect on the very low density lipoproteins (Sr 20-400) 
rich in triglycerides than the low density lipoproteins (Sr 0-20) rich in 
cholesterol. 

ATROMID-S is also indicated for treatment of patients with xanthoma tuberosum 
associated with hyperlipidemia. The skin lesions frequently regress with 
clofibrate. 

It has not been established whether the drug-induced lowering of serum 
cholesterol or lipid levels has a detrimental, beneficial, or no effect on the 
morbidity or mortality due to atherosclerosis or coronary heart disease. Sev- 
eral years will be required before current investigations will yield an answer 
to this question. 

CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. 
While teratogenic studies have not demonstrated any effect attributable to 
clofibrate, it is known that serum of the rabbit fetus accumulates a higher 
concentration of clofibrate than that found in maternal serum, and it is pos- 
sible that the fetus may not have developed the enzyme system required for 
the excretion of clofibrate. 

It is contraindicated in lactating women since it is not known if clofibrate 
is secreted in the milk. 

It is contraindicated in patients with clinically significant hepatic or renal 
dysfunction. 

It is contraindicated in patients with primary biliary cirrhosis since it may 
raise the already elevated cholesterol in these cases. 

WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOS- 
AGE OF THE ANTICOAGULANT SHOULD BE REDUCED USUALLY BY 
ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN 
THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEED- 
ING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS 
ARE ADVISABLE UNTIL IT EAS BEEN DEFINITELY DETERMINED THAT 
THE PROTHROMBIN LEVEL HAS BEEN STABILIZED. 

Strict birth control procedures must be exercised by women of childbearing 
potential. In patients who plan to become pregnant, clofibrate should be with- 
drawn several months before conception. Because of the possibility of preg- 
nancy occurring despite birth control precautions in patients taking clofibrate, 
the possible benefits of the drug to the patient must be weighed against pos- 
sible hazards to the fetus. 

PRECAUTIONS: Before instituting therapy with clofibrate, attempts should 
be made to control serum lipids with appropriate dietary regimens, weight 
loss in obese patients, control of diabetes mellitus, etc. 

Because of the long term administration of a drug of this nature, adequate 
base line studies should be performed to determine that the patient has 
significantly elevated serum lipid levels. Frequent determinations of serum 
lipids should be obtained during the first few months of Atromip-S adminis- 
tration, and periodic determinations thereafter. The drug should be withdrawn 
after three months if response is inadequate. However, in the case of xanthoma 
tuberosum, the drug should be employed for longer periods (even up to one 
year) provided that there is a reduction in the size and/or number of the 
xanthomata. 

Subsequent serum lipid determinations should be done to detect a paradoxical 
rise in serum cholesterol or triglyceride levels. Clofibrate will not alter the 
seasonal variations of serum cholesterol peak elevations in midwinter and late 
summer and decreases in fall and spring. If the drug is discontinued, the pa- 
tient should be placed on an appropriate hypolipidemic diet, and his serum 
lipids should be monitored until stabilized, as a rise in these values to or 
above the original base line may occur. 

During clofibrate therapy, frequent serum transaminase determinations and 
other liver function tests should be performed since the drug may produce 
abnormalities in these parameters. Hepatic biopsies are usually within normal 
limits. These effects are usually reversible when the drug is discontinued. If 
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the hepatic function tests steadily rise or show excessive abnormalities, the 
drug should be withdrawn. Therefore use with caution in those patients with 
a past history of jaundice or hepatic disease. 
Clofibrate may produce "flu like" symptoms (muscular aching, soreness, 
cramping). The physician should differentiate this from actual viral and/or 
bacterial disease. 
Use with caution in patients with peptic ulcer since reactivation has been 
reported. Whether this is drug-related is unknown. ; 
The physician should monitor the patient with complete blood counts since 
peripheral anemia and, more frequently, leukopenia have been reported in 
patients who have been taking clofibrate. Whether these are drug-related is 
unknown. 
Various cardiac arrhythmias have been reported with the use of clofibrate. 
Several investigators have observed in their studies that clofibrate may pro- 
duce a decrease in cholesterol linoleate but an increase in palmitoleate and 
oleate, the latter being considered atherogenic in experimental animals. The 
significance of this finding is unknown at this time. 
ADVERSE REACTIONS: Of the pertinent reactions, the most common is 
nausea. Less frequently encountered gastrointestinal reactions are vomiting, 
loose stools, dyspepsia, flatulence, and abdominal distress. Reactions reported 
less often than gastrointestinal ones are headache, dizziness, and fatigue; mus- 
cle cramping, aching, and weakness; skin rash, urticaria, and pruritus. There 
have been occasional cases of dry, brittle hair and of alopecia. 
The following reported adverse reactions are listed alphabetically by systems: 
Cardiovascular 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 
Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 
Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal distress) 
Vomiting 
Stomatitis and gastritis 
Genitourinary 
Impotence and decreased libido 
Findings consistent with renal dysfunction as evidenced by dysuria, hema- 
turia, proteinuria, decreased urine output. One patient's renal biopsy sug- 
gested “allergic reaction.” 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 
Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
“Flu like" symptoms 
Arthralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by increased transaminase 
(SGOT and SGPT), BSP retention, and increased thymol turbidity 
Proteinuria 
Increased creatine phosphokinase 
Reported adverse reactions whose direct relationship with the drug has not 
been established: increased angina, peptic ulcer, gastrointestinal hemorrhage, 
rheumatoid arthritis, tremors, increased perspiration, systemic lupus erythema- 
tosus, blurred vision. 
DOSAGE AND ADMINISTRATION: Adult Dose: The recommended dosage 
for adults is one capsule (500 mg.) four times daily. 
In Children: Insufficient studies have been done in children to show safety 
and efficacy. 
DRUG INTERACTIONS: Caution should be exercised when anticoagulants 
are given in conjunction with Atromip-S (clofibrate). The dosage of the anti- 
coagulant should be reduced usually by one-half (depending on the individual 
case) to maintain the prothrombin time at the desired level to prevent bleed- 
ing complications. Frequent prothrombin determinations are advisable until it 
has been definitely determined that the prothrombin level has been stabilized. 
MANAGEMENT OF OVERDOSAGE: While there has been no reported case 
of overdosage, should it occur, symptomatic supportive measures should be 
taken. 
HOW SUPPLIED: Arromip-S—No. 243—Each capsule contains 500 mg. clofi- 
brate, in bottles of 100. 
References: 1. Fredrickson, D. S., et al., in Holmes, W. L., Carlson, L. A., and 
Paoletti, R.: Drugs Affecting Lipid Metabolism, New York, Plenum Press, 1969, 
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found to reflect “a significant decrement of total-body potassium. "! 
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as a result of potassium excretion caused by diuretic therapy. In one study, 
diuretic-induced hypokalemia was associated with a 20% or greater total-body 
potassium deficit, while in four patients with cardiac complications, body 
potassium was reduced by 30% despite normal plasma concentrations.” 


You can prescribe supplementary potassium, as NASA physicians did, and 
perhaps get the same kind of complaints from your hypertensive patients that 
they heard from the crew of Apollo XVI. (“Buried in oranges" was Captain 


Young's reaction.?) 
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. Altman, L.K.: Crew Gulping Potassium Drink to Bar Heartbeat 


Irregularities, The New York Times, April 25, 1972. 


Posed photo represents astronaut in space. No implication 
that ‘Dyazide’ is endorsed by NASA personnel or that it would 
be useful in preventing hypokalemia in astronauts is intended. 
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ECG with Monitor on Mobile Stand 
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Meter and a stabilizer for the stand to 
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Complete Compact Coronary Care Center 
Add the defibrillator/synchronizer for a versatile low-cost 
combination for interim intensive care or graded 
stress-testing. 
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your monitoring capabilities tailored to need. It answers the three demands of 
sound operational economy — mobility, versatility, and equipment utilization 
between departments. Using the proven concepts of the Burdick CCCC you 
buy the components as you need them. 


For a brochure and additional supportive data, contact your Burdick 
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889 In Vitro Length-Tension Relations of Human Ventricular Aneurysms. Relation of Stiffness to 
Mechanical Disadvantage 


WILLIAM W. PARMELY, LEONARD CHUCK, CHARLES KIVOWITZ, JACK M. MATLOFF and 
H. J. C. SWAN 


Quantitation of the length-tension relations of surgically resected human ventricular aneurysms shows 
that chronic fibrous aneurysms produce their primary mechanical disadvantage by a loss of contractile 
tissue since systolic paradox is minimal. An acute muscular aneurysm produces mechanical disad- 
vantage by loss of contractile tissue and significant paradoxical systolic expansion. 


895 Measurement of Phasic Aortocoronary Bypass Graft Blood Flow Velocity in Conscious Man 
ALBERTO BENCHIMOL and KENNETH B. DESSER 


The Doppler flowmeter catheter technique proved useful to measure directly aortocoronary bypass 
graft blood flow velocity in 12 closed chest conscious subjects 1 to 18 months postoperatively. Values 
for systolic flow velocity were greater at the graft origins than at the ostia of bypassed coronary arte- 
ries. 


901 Emergency Myocardial Revascularization 


CHALIT CHEANVECHAI, DONALD B. EFFLER, FLOYD D. LOOP, LAURENCE K. GROVES, 
WILLIAM C. SHELDON, MEHDI RAZAVI and F. MASON SONES, Jr. 


Only 6 of 100 patients receiving emergency aortocoronary artery saphenous vein bypass grafts died in 
the postoperative period, 2 with acute and 4 with impending myocardial infarction. Such grafting can 
prevent the development of acute myocardial infarction when properly performed during the stage of 
impending infarction and may prevent the extension of the acute infarction if performed during the 
early phase of this lesion. 


909 Surgical Treatment of Refractory Life-Threatening Ventricular Tachycardia 


ANTHONY F. GRAHAM, D. CRAIG MILLER, EDWARD B. STINSON, PAT O. DAILY, THOMAS J. 
FOGARTY and DONALD C. HARRISON 


Results in 8 subjects who underwent aortocoronary bypass with or without myocardial resection 
suggest such treatment be considered in patients with coronary artery disease and life-threatening 
ventricular arrhythmias unresponsive to drug therapy. 
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Findings of Prognostic Value in Patients with Incomplete Bilateral Bundle Branch Block 
Complicating Acute Myocardial Infarction 


EDGAR LICHSTEIN, PREM K. GUPTA, KUL D. CHADDA, HO-MAU LIU and MAJEED SAYEED 


In this study of 15 cases of incomplete bilateral bundle branch block complicating acute myocardial 
infarction, the prognosis proved poor for patients with an abnormal H-Q interval and persistent right 
bundle branch block and better for those with a normal H-Q interval and transient right bundle branch 
block. Although all 15 patients had pacemakers inserted, 9 patients died between 9 hours and 6 
weeks after admission. 


Variability in Response to Norepinephrine in Acute Myocardial Infarction 


EDWARD ABRAMS, JAMES S. FORRESTER, KANU CHATTERJEE, RONALD DANZIG and 
H. J. C. SWAN 


In 27 patients with acute myocardial infarction the initial level of ventricular function determined the 
nature and degree of response to infusion of graded levels of norepinephrine. The usefulness of nor- 
epinephrine in this condition may be limited since patients most likely to receive the drug respond 
with a small increase in flow and a significant increase in afterload. 


Comparison of Infective Endocarditis in Drug Addicts and Nondrug Users 


BARRY STIMMEL, EPHRAIM DONOSO and SIMON DACK 


Although infective endocarditis is more serious in drug addicts (3 of 10 died) than in nonaddicts (no 
deaths in 7), prompt medical therapy and surgical intervention for intractable cardiac failure can cure 
this disease. 


EXPERIMENTAL STUDIES 


Effect of Pharmacologic Agents on the Function of the Ischemic Heart 


PETER R. MAROKO, PETER LIBBY and EUGENE BRAUNWALD 


Contrary to their effects in the normal and failing nonischemic heart, isoproterenol and tachycardia 
depressed left ventricular function whereas propranolol and hyaluronidase improved left ventricular 
function in the severely ischemic heart of mongrel dogs. This experimental situation probably corre- 
sponds to that in patients with advanced "three vessel disease" with little capacity for increasing flow 
in the presence of ischemia. 


Hemodynamic Interaction of Procainamide and Lidocaine After Experimental Myocardial Infarction 


PIERRE CÓTÉ, DONALD C. HARRISON, JAMES BASILE and JOHN S. SCHROEDER 


After coronary arterial ligation in dogs, infusions of lidocaine and procainamide each produced signifi- 
cant decreases in mean aortic pressure, left ventricular dP/dt and cardiac output. Sequential simulta- 
neous administration of these drugs caused additive negative inotropic effects. Combinations of these 
drugs should be given only cautiously. 

Continued on page A-15 
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Holter DCG Monitoring Case History No. 22 


A DCG was performed on a 72-year old male patient with 
symptoms of intermittent chest pain, which occurred only 
when he was walkirg. The patient was instructed to walk 
frequently during the time that the monitor was in opera- 
tion; he was also instructed to keep a careful diary, noting 
the exact time of occurrence of chest pains and other 
symptoms. 


The patient experienced chest pain at 9:00 a.m. during 


9:00 AM WALKING PAIN 
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4:45 2M WALKING NO PAIN 


his morning walk (see first strip); marked ST segment de- 
pression occurred in association with the chest pain. Simi- 
lar ST segment shifts did not occur at other times during 
the DCG, except when the patient had experienced chest 
discomfort. Frequent ventricular extrasystoles were ob- 
served throughout the DCG record, but these were not 
associated with significant symptomatology (see second 
strip). 





Courtesy of Cardio-Dynamics Laboratories, Inc. 


Now Available To Every Physician... 


DYNAMIC ELECTROCARDIOGRAPHY (DCG) 
WITH THE AVIONICS-HOLTER SYSTEM 


24-hour ECG 
recorder for 
ambulatory 
patients 


* Post MI Follow-Up 


e Phantom Chest Pains and Dizziness 


e Pacemaker Evaluation 





24-minute scan 
of ECG tape 
recording plus 
standard ECG 
documentation 
of abnormalities 





e Evaluation of Drug Administration 
e Ease of Operation 
e Ease of Economic Justification 


For more information, return the coupon below. 

















Name and Title 


_] Please send me the literature. | would like to know more about Holter monitoring and 
the Avionics Dynamic Electrocardiographic Systems. 


Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 








Organization 





Address 
City 





State Zip 








AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
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Thrombogenicity of Guide Wires 


RICHARD J. McCARTY and STEPHEN P. GLASSER 


A Teflon-coated guide wire used to facilitate passage through the aortic valve during retrograde left 
ventricular catheterization caused cerebral emboli in three patients. Increased thrombogenicity of Tef- 
lon-coated wires and steel guide wires was found in a subsequent study in 10 mongrel dogs. Teflon- 
coated wires should be used only with caution, and preferably only briefly in the descending aorta or 
in conjunction with systemic heparinization. 


Cardiovascular Effects of Nicotine in the Conscious Dog. Modification by Changes in Autonomic 
Tone 


WILLIAM J. MANDEL, MICHAEL LAKS, HIROKAZU HAYAKAWA, KANJI OBAYASHI and AVILE 
McCULLEN 


In the conscious dog nicotine in sufficient dosage (200 ug or more) releases acetylcholine in the right 
atrium, may depress myocardial function and produces significant hypertension and reflex bradycar- 
dia. The effects of pretreatment with atroprine and propranolol are discussed. 


METHODS 


Ventricular Tracking Pacemaker and Teletransmitter Follow-Up System 


ALBERT STARR, JERI DOBBS, LAWRENCE DABOLT and WILL PIERIE 


This new unipolar dual rate ventricular tracking pacemaker system extends basic pulse generator life 
and facilitates follow-up with a built-in monitoring capacity for teletransmission. With this system, rate 
analysis alone provides warning of impending battery depletion. Clinical experience in 172 patients 
showed no operative deaths and 28 late deaths; none were due to pacemaker failure. 


Video Scanner-Analog Computer System for Semiautomatic Analysis of Routine Echocardiograms 


JAMES M. GRIFFITH and WALTER L. HENRY 


This video scanner-analog computer system, which can accurately process without attenuation echo- 
cardiographic signals up to 12 Hz, allows complex quantitative data to be obtained easily from routine 
echocardiograms. The system may have wide applicability in cardiac research and diagnosis. 


PEDIATRIC CARDIOLOGY 


965 Dextrocardia: Angiographic Study and Classification 


UMBERTO SQUARCIA, DONALD G. RITTER and OWINGS W. KINCAID 


In 60 of 65 cases of dextrocardia, angiographic studies were adequate to define the situs of the atria, 
the ventricular morphology and the relation of the great vessels. These studies form the basis for an 
angiocardiographic classification of dextrocardia that improves diagnostic accuracy and understanding 
of the various types of dextrocardia. 

Continued on page A-17 
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To convert to normal sinus rhythm, 
and maintain...and maintain... and maintain... 


CARDIOQUIN ints 


(quinidine polygalacturonate) 
Low B.I.D. or T.I.D. dosage in most cases 
Greater G.I. tolerance 
Full quinidine cardiodynamics 


*From case records on file with the Medical Department, The Purdue Frederick Company. 





BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine polygalacturonate) are indicated in the treatment of: premature 
atrial and ventricular contractions; paroxysmal atrial tachycardia; paroxysmal AV junctional rhythm; atrial flutter; paroxysmal atrial 
fibrillation; established atrial fibrillation when therapy is appropriate; paroxysmal ventricular tachycardia when not associated with 
complete heartblock; maintenance therapy after electrical conversion of atrial fibrillation and/or flutter. CONTRAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to escape mechanisms should not be treated with quinidine. WARNING: In the 
treatment of atrial flutter reversion to sinus rhythm may be preceded by a progressive reduction in the degree of AV block to a 
1:1 ratio and resulting extremely rapid ventricular rate. COMPOSITION: Each CARDICQUIN Tablet (quinidine polygalacturonate 
275 mg.) is equivalent in quinidine content to 3 grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage must be 
adjusted to individual needs, both for conversion and maintenance. An initial dose of 1 to 3 tablets may be used to tenminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm is not restored after 3 or 4 equal doses, the dose may be 
increased by V» to 1 tablet (137.5 to 275 mg.) and administered three to four times before any further dosage increase. For mainte- 


nance, one tablet may be used two to three times a day; generally one tablet morning and night will be adequate. SUPPLIED:. 
Uncoated, scored tablets in boitles of 50. 


PURDUE FREDERICK 


© COPYRIGHT 1972, 1973, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 B6621 123273 
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Serial Hemodynamic Observations in Secundum Atrial Septal Defect with Special Reference to 
Spontaneous Closure 


MADHU R. MODY 


In this study of 40 patients with atrial septal defect of the secundum type confirmed by serial cardiac 
catheterization, the data disclosed that such defects diagnosed in the first year of life frequently close 
spontaneously. If the defect is diagnosed after the first year, it is unlikely to close spontaneously. 


REPORTS ON THERAPY 


Chemical Ventricular Defibrillation of the Human Heart with Bretylium Tosylate 


GIANPIETRO SANNA and RAFFAELE ARCIDIACONO 


When electrical defibrillation is not immediately available, the intravenous administration of bretylium 
tosylate can be a lifesaving chemical ventricular defibrillation procedure, as shown by its restoration 
of a stable rhythmic beat and good mechanical contractions in five of six patients with ventricular fi- 
brillation. Administration of bretylium also facilitated electrical countershock defibrillation in two pa- 
tients. 


988 Atropine Solution Administered with an Automatic Device in the Coronary Care Unit 


993 


995 


JOHN G. STUCKEY, MARJORIE PITT and GRAEME SLOMAN 


In this study atropine could be administered intravenously by an automatic injection device with satis- 
factory increase in heart rate in patients with bradycardia after acute myocardial infarction. No dan- 
gerous arrhythmias were encountered although two patients had exacerbation of chest pain after in- 
farction. 


HISTORICAL MILESTONES 


Francois-Franck on Experimental Valvulotomy (1882) 


SAUL JARCHO 


Francois-Franck's report on the experimental production of tricuspid valvulotomy in dogs illustrates 
the trend to brief and clear articles frequently found in French medical writing in the last quarter of the 
19th century. 


CASE REPORTS 


Life-Threatening Ventricular Arrhythmias Induced by Exercise. Cessation After Coronary Bypass 
Surgery 


ANDREW L. BRYSON, ALFRED F. PARISI, ELIOT SCHECHTER and STEVEN WOLFSON 


Successful saphenous vein coronary bypass graft surgery ended potentially life-threatening ventricular 
arrhythmias documented preoperatively by standard exercise testing in three patients. 
Continued on page A-19 
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Now! A complete Exercise Stress Test 
Heart Monitoring System totally engineered, 
manufactured,marketed, and serviced 

by Avionics. 





BASIC SYSTEM COMPONENTS MODULES AND CAPABILITIES 
* Stress Test Heart Monitor * ST-Segment Computer 
* Treadmill * Digital Heart Rate Meter 


* Telemetry * Automatic Paperwriter Programmer 
* Automatic Blood Pressurometer * 12-lead ECG Capability 

* Respiratory Gas Analyzer * ST&H/R Trend Recording 

* Defibrillator * Patient Input Isolation Protection 


For more information on the most complete exercise stress-test heart-monitoring system available — comprised only of integrally 
designed and clinically-proven components — return this coupon today. 





[] Please send me your Exercise Stress Test Heart Monitoring brochure. | would like to 
know more about this new system. 





[] Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 


Name and Title 





Organization 
Address 
City State Zip 














AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
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FRANCISCO G. COSIO, YANG WANG and DEMETRE M. NICOLOFF 


A fibrous sac floating in the right ventricular cavity produced clinical symptoms resembling those of 
tetralogy of Fallot in a 19 year old woman with an associated ventricular defect. Angiocardiography 
led to the correct diagnosis, permitting successful removal of the obstruction and closure of the ven- 
tricular septal defect. 


Ebstein’s Malformation of the Tricuspid Valve with Atresia. Differentiation from Isolated Tricuspid 
Atresia 


P. SYAMASUNDAR RAO, KENNETH L. JUE, JOSEPHINE ISABEL-JONES and HERBERT D. 
RUTTENBERG 


This report describes an infant with congenital heart disease physiologically resembling tricuspid atre- 
sia. Autopsy disclosed Ebstein’s anomaly of the tricuspid valve with complete obstruction of the effec- 
tive tricuspid valve orifice, a relatively normal-sized right ventricle and potential for total surgical cor- 
rection. The right atrial angiogram outlined the obstructed and malformed tricuspid valve, which ex- 
tended too far to the left and was a distinguishing feature, in retrospect. 


EDITORIALS 


Saphenous Vein Bypass Surgery for Coronary Artery Disease 
BERNARD L. SEGAL, WILLIAM LIKOFF, MOOSA NAJMI and JOSEPH W. LINHART 


SPECIAL DEPARTMENTS 


Letters to the Editor 
Forward Conduction—Antegrade or Anterograde?—L. Schamroth 


Reviews in Cardiology 

American College of Cardiology News 
Author Index 

Subject Index 
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is your 
electrocardiograph 
schizophrenic? 


if is if the paper used 
does not have the same name as the recorder. 


When an instrument maker designs a recorder, he designs the chart as well, 
to assure top performance for his instrument. 


To maintain top performance, buy your charts from him—it’s worth the 
difference. 


This message was prepared in the interest of better recording instrument 
performance by. . . 


y^" Á N A S I4 UJ A The Instrument Manufacturers’ Chartmaker 


CORPORATION 
100 East Kinney St. - Newark, N.J. 07105 - (201) 589-5970 
GUBELMAN CHART DIVISION 3037 East Maria St. - Compton Calif. 90220 - (213) 537-4250 





Vitatron Medical Lal 


upgrade pacemaker 


reliability 
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HEMODYNAMICS OF ANGINA PECTORIS’ — PATIENTS RESTING 
AND EXERCISING, BEFORE AND AFTER ISORDIL SUBLINGUAL 


(isosorbide dinitrate) 


$ AFTER 5 mg.isonoi. susungual | IN ANGINA PECTORIS” 
EM os storortamnate 


acute anginal attacks 


7 ir eto reduce the frequency 
em Oe eee and severity of anginal 
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EI PULMONARY | = 200 * Indications: Based on a review of this drug 

Z RESISTANCE | Z NE by the National Academy of Sciences—Na- 

> = 100 ese tional Research Council and/or other infor- 
Exercise mation, FDA has classified the indication as 
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attacks and for prophylaxis in situations 
likely to provoke such attacks. 

Final classification of the less-than-effective 
indications requires further investigation. 


m Exercise 





Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
100 200 300 400 500 100 290 300 400 500 tolerance to other nitrites and nitrates may 
02 Cons (mi /min/M?) Oz Cons (ml/min/M?) occur. 
Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
100 200 300 400 500 600 100 200 300 400 500 600 hance this effect. Drug rash and/or exfoliative 
02 Cons (ml /min/M2) 02 Cons (ml /min/M?) dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information 
and/or professional samples? 


IVES LABORATORIES INC. Gee) 


New York, N.Y. 10017 ® 
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ts atrisk 


e patient is at risk because of K-loss 





otasstum depletion can become a hazard in: 
* diuretic therapy 

e digitalis therapy 

prolonged and severe vomiting 

* prolonged corticosteroid therapy 


...an answer that makes sense is K-LOR 
(POTASSIUM CHLORIDE SUPPLEMENT) 


K-LOR provides both potassium and chloride ions 
allowing for complete correction of potassium 
imbalance associated with diuretic therapy. 


There is less chance of gastric upset with K-LOR 
since it is provided in single dose packets of powder 
that must be diluted with liquid. 


The single-dose packet assures you of accurate 
dosage and provides convenience for the patient. 


K-LOR Qoo 


Because potassium supplementation is serious medicine 


tions: Potassium chloride is contraindicated in the presence of severe 
ent with oliguria or azotemia, untreated Addison's disease, ady- 
isodica hereditaria, acute dehydration, heat cramps, and hyperkalemia 
- from any cause. 

Potassium chloride should not be employed in patients receiving potassium- 
sparing agents such as aldosterone antagonists and triamterene. 


Precautions: With normal kidney function, potassium intoxication from oral 
administration is not likely to occur, since renal excretion of the ion increases 
in response to a rise in the concentration of body potassium. Nevertheless, potas- 
sium supplements must be administered with caution, since the dietary or daily 
amount is not accurately known. Frequent checks of the patient's clinical status 
and periodic ECG and/or serum potassium levels should be done. High serum 
concentrations of potassium ion may result in death through cardiac depression, 
arrhythmia, or arrest. The drug should be used with caution in the presence of 
cardiac disease and systemic acidosis. 


Adverse Reactions: Side effects include abdominal discomfort, nausea, vomiting 
and diarrhea. 

In the presence of renal dysfunction it may be possible to induce hyperkalemia 
by oral administration of potassium salts. The symptoms and signs of potas- 
sium intoxication include paresthesias of the extremities, weakness and heavi- 
ness of the legs, flaccid paralysis, listlessness, mental confusion, fall in blood 
pressure, cardiac arrhythmias and heart block. Electrocardiographic abnormali- 
ties such as disappearance of the P wave, widening and slurring of the 
QRS complex, changes of the S-T segment and tall peaked T waves may 
be noted with hyperkalemia. 309465 
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Make Life Easier For You And Your Pacer Patients 


Now, with the advent of the ESB Medcor Pacer- 
Check* system, it is possible for your office to 
conduct regular, accurate recordings of heart 


pacer patient's ECG and pacer rates by telephone. 


Both you and your patients benefit. Now, with no 
more than a phone call, you can have information 
which permits elective decisions on replacement 
rather than emergency or prophylactic replace- 
ments. (By using a regular patient checking 
program, maximum pacer life can be realized.) 
Your patient and you have flexibility and safety at 
the same time. 

This two-component system operates simply, 
requiring minimal training to both your personnel 
and patients. 

The Medic Unit, at left, is the central compo- 
nent and is usually located in the hospital or clinic. 
It receives ECGand pacer rate input via unaltered 
telephones from the Patient Unit which is usually 
located in the patient's home. ECGdata, pro- 
duced on a standard paper chart, indicates 
the relationship between the QRS complex and 


pacer artifact to ascertain pacer capture. 
Pacer rate is shown continuously by 
illuminated numbers on the front panel. This 
is the first system available to physicians 
that records ECG and simultaneously 
displays pacer rate. 

The Patient Unit is lightweight and battery 
powered. It is capable of transmitting from any 
telephone to your office. Transmissions have been 
successfully made from such great distances as 
Tokyo to New York. To operate, the patient places 
the telephone headset in the receiving cradle 
and then slips the two expandable bracelets over 
his forearms. Transmission begins immediately. 

The Pacer-Check* system, approved for reim- 
bursement by Medicare, has proven itself a useful 
and self-supporting method of maintaining a 
desirable pacer program. 

If the unique qualities of the Pacer-Check* 
system interest you, contact ESB Medcor, Inc., 
Dept. 373, 5920 Rodman St., Hollywood, Florida 
33023. Toll free call: (800) 327-9780, Ext. 373. 
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“This iz the real Heartburn Zon. 
This is where GAVISCON works!” 


The Real Heartburn 
Zone 

When gastric juice 
refluxes into the esoph- | 
agus, stomach contents 
irritate sensitive nerve 
endings in esophageal 
mucosa to produce the 
pain of heartburn. 










Gaviscon Coats 

The Gaviscon foam 
coating clings to eso- 
phageal mucosa for pin- 
point neutralization of 
gastric contents which 
might reflux from the 
stomach. 


Gaviscon Floats 

In the cardia and fundus 
of the stomach, 
GAVISCON* FOAMTAB* 
tablets form a soft, 
viscous layer of floating Ü 
antacid foam that pre- : E 
cedes gastric contents 
refluxing into the 
esophagus. 








GAVISCON 


FOAMTAB" 


(Alginic acid, 200 mg; aluminum hydroxide dried gel, 80 mg; 
magnesium trisilicate, 20 mg; sodium bicarbonate, 70 mg) 
CHEWABLE ANTACID TABLETS for relief of heartburn accompanying 
hiatal hernia, gastroesophageal reflux, and esophagitis. 


—| PHARMACEUTICAL DIVISION 


IM|MARION 


LABORATORIES. INC. 
KANSAS CITY. MISSOURI! 64137 


Another patient benefit product from 











_ Anewapproach 
in the management of 
angina pectoris... 


Inderal 


propranolol 


For patients unresponsive 
to conventional measures 


When conventional methods such as weight con- 
trol, rest, cessation of smoking, use of sublingual 
nitroglycerin, and avoidance of precipitating 
circumstances prove to be inadequate, a new 
mechanism for the management of moderate to 
severe angina pectoris is provided by INDERAL 
—the first beta-adrenergic blocking agent in 
clinical cardiologic use. INDERAL should not be 
used in patients with angina which occurs only 
with considerable effort or with precipitating 
factors that occur infrequently. 


Distinctive mode of action: works 
to decrease myocardial oxygen 
demand, prevent oxygen deficit 
in responsive patients 


When physical or psychological stress increases 
beta-adrenergic stimulation of the heart, oxygen 


hydrochloride 


demand may exceed capacity for oxygen delivery 
in a coronary circulation compromised by athero- 
sclerosis. The result is anginal pain. 


INDERAL-through its beta-adrenergic blocking 
action—provides a unique approach. By specif- 
ically competing with catecholamines for avail- 
able myocardial beta-receptor sites, INDERAL 
can reduce sympathetically induced increases in 
heart rate, systolic blood pressure and velocity of 
contraction during exercise or stress—and thus 
decrease the oxygen requirements of the heart. 
On the other hand, propranolol may increase oxy- 
gen requirements by increasing left ventricular 
fiber length, end diastolic pressure, and systolic 
ejection period. 

If the net physiologic effect of beta-adrenergic 
blockade in angina is advantageous, it would be 
expected to manifest itself during exercise by 
delayed onset of pain due to the decreased oxy- 


gen requirement. 
Ayerst 
yerst 


USE OF INDERAL’/ANGINA PECTORIS CONTINUED ON NEXT PAGE 


(See last two pages of advertisement for prescribing information.) 


Inderal 


(propranolol hydrochloride) 


for moderate to severe angina pectoris 


Wide clinical experience 


The use of INDERAL (propranolol hydrochlo- 
ride) in angina pectoris has been the subject of 
numerous published papers, including 33 on 
controlled clinical trials (28 double-blind) in- 
volving 746 patients,'?? and 27 on other studies 
covering 774 patients. The results of these studies 
support INDERAL's usefulness in reducing 
incidence of pain and increasing exercise toler- 
ance in patients with angina pectoris. Proof of 
effectiveness has been demonstrated both clinically 
and by objective laboratory measurements.1293153 


Decrease in frequency of anginal 
attacks and reduced need 

for nitroglycerin shown in 
controlled clinical studies 


Thirty of the above papers reported on the effect 
of INDERAL on incidence of anginal pain and 
consumption of nitroglycerin. INDERAL was 
found to be effective in reducing the incidence of 
anginal pain and the consumption of nitro- 
glycerin in 29 of these 30 controlled clinical 
trials.'?? Of the 29 studies reporting effectiveness 
with INDERAL, results were deemed statistically 
significant in 19,7? not statistically significant 

in 2,?^?! and the statistical significance was not 
given in 8 studies.???? One study? reported that 
propranolol was not effective. 

In 247 of these clinical studies, it was possible to 
determine the proportion of patients responding 
to treatment. The results showed that approxi- 
mately three-quarters of the patients had less pain 
and used less nitroglycerin when taking 
INDERAL than on placebo. 


11-9, 11-15, 17, 18, 20-24, 26, 27, 30 
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Improvement in exercise tolerance 
demonstrated by objective 
laboratory measurements 


Seventeen of the controlled trials dealt with the 
effect of oral INDERAL on exercise tolerance. Of 
these, INDERAL was found to be effective in 
14,2,8,10,12, 13,15,16,18,22,23,25,21,28, 32 and not effective 
in three.?295? Of the fourteen studies reporting 
effectiveness with INDERAL, the improvement 
was statistically significant in eight,®8-10.12,15,16,18,32 
and significance was not given in six. 15.22,25,25,27,28 


For example in a double-blind study, the effect 

of INDERAL (propranolol hydrochloride) on 
exercise tolerance was examined by Gianelly 

and associates. In a double-blind crossover study 
of 19 patients, the effects of INDERAL on 
exercise tolerance were assessed and correlated 
with cardiovascular physiologic effects.’ Nineteen 
patients (18 male and 1 female) with a typical 
history of angina and a positive Master test, rang- 
ing in age from 38 to 65 years, received for 4 weeks 
either placebo or 160 mg. INDERAL daily in 4 
divided doses. During the study, exercise tolerance 
was assessed using a treadmill which was adjusted 
for speed and incline so that each patient would 
experience chest pain within one to five minutes. 
Measurements were made at the end point of each 
test (pain, fatigue, or dyspnea). From this study 
and a subsequent study,*! the investigators con- 
cluded that in responsive patients INDERAL, by 
reducing cardiac work, tends to bring into balance 
myocardial oxygen supply and need, and in- 
creases exercise tolerance. 


Side effects, including bradycardia, nocturnal 
dyspnea, mildly blurred vision, diarrhea and postur- 
al hypotension, occurred in 5 patients, but did not 
require permanent discontinuation of the drug. 


With 160 mg. INDERAL (propranolol 
hydrochloride) daily— increase in 
exercise tolerance with treadmill test 
(kilogram-meters) 


160 mg. INDERAL daily increased exercise 
tolerance by 22% in 14 of 18 patients who 
completed exercise to an end point of pain, 

. fatigue or dyspnea. For the total group, the 
average increase in exercise tolerance on 
INDERAL 160 mg. daily was 11%. Incom- 
plete data on one patient reduced the num- 
ber to 18 for this aspect of the study. 


(Adapted from Gianelly, R.E., et al.8) 





For the entire group on placebo, $ 
average work to end point (2283 kilogram-meters) 





For the entire group on INDERAL, 
average work to end point (2527 kilogram-meters) 


With 160 mg. INDERAL daily —reduction of 
heart rate on exercise 


160 mg. INDERAL daily reduced heart rate 
in all 19 subjects at end point of standard 
exercise procedure. 


(Adapted from Gianelly, R.E., et al.8) 






On placebo, 
average of 122 beats per minute 








On INDERAL, 
average of 95 beats per minute 


With 160 mg. INDERAL (propranolol 
hydrochloride) daily — reduction of 
myocardial oxygen requirement on exercise 


(by the treadmill test) 


Index of myocardial oxygen requirement at 
end of exercise, as measured by the product 
of systolic blood pressure and heart rate, “was 
consistently reduced by propranolol...” in 

19 patients taking 160 mg. INDERAL daily. 


(Adapted from Gianelly, R.E., et al.8) 


Index of myocardial oxygen requirement 











On placebo, 
average of 17,913 at end point 







On INDERAL, 
average of 12,971 at end point 


It is important that the dosage 
be titrated and individualized 
for maximum effect 


Starting with 10-20 mg. 3 or 4 times daily, before 
meals and at bedtime, dosage should be gradually 
increased at three to seven day intervals until 
optimum response is obtained. Although indi- 
vidual patients may respond at any dosage level, 
the average optimum dosage appears to be 160 mg. 
per day. Higher doses may be required; however, 
the value and safety of dosage exceeding 320 mg. 
per day have not been established. 


If treatment is to be discontinued, it is recom- 
mended that withdrawal be gradual over a two- 
week period. (See PRECAUTIONS.) 


Special caution should be observed in patients 
with heart block ora history of congestive heart 
failure. (See CONTRAINDICATIONS AND WARNINGS.) 
Good medical practice dictates that INDERAL 
should not be continued unless there is reduced 
pain or increased work capacity. Treatment 
should be carefully monitored. 

INDERAL will not interfere with the cardiac 
action of sublingual nitroglycerin, or cardiotonic 
agents such as digitalis. 


(Seelast two pages of advertisement for prescribing information.) 
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Inderal 


propranolol hydrochloride) 


for moderate to severe angina pectoris 
in responsive patients 
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BRIEF SUMMARY 


(For full prescribing information, see package 
circular.) ^ 


Inderal 


Brand of 


propranolol hydrochloride 
A beta-adrenergic blocking agent 
BEFORE USING INDERAL (PROPRANOLOL HY- 


DROCHLORIDE), THE PHYSICIAN SHOULD BE 
THOROUGHLY FAMILIAR WITH THE BASIC 


CONCEPT OF ADRENERGIC RECEPTORS (ALPHA 
AND BETA), AND THE PHARMACOLOGY OF 
THIS DRUG. 





ACTIONS: INDERAL is a beta-adrenergic receptor 
blocking drug, possessing no other autonomic 
nervous system activity. It specifically com- 
petes with beta-adrenergic receptor stimulat- 
ing agents for available beta receptor sites. 
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When access to beta receptor sites is blocked 
by INDERAL (propranolol hydrochloride), the 
chronotropic, inotropic, and vasodilator re- 
sponses to beta-adrenergic stimulation are 
decreased proportionately. 

In dosages greater than required for beta 
blockade, INDERAL also exerts a quinidine-like 
or anesthetic-like membrane action which af- 
fects the cardiac action potential and depresses 
cardiac function. 

Propranolol is almost completely absorbed 
from the gastrointestinal tract, but a portion is 
immediately bound by the liver. Peak effect 
occurs in one to one and one-half hours. The 
biologic half-life is approximately two to three 
hours. There is no simple correlation between 
dose or plasma level and therapeutic effect, 
and the dose-sensitivity range as observed in 
clinical practice is wide. The principal reason 
for this is that sympathetic tone varies widely 
between individuals. Since there is no reliable 
test to estimate sympathetic tone or to deter- 
mine whether total beta blockade has been 
achieved, proper dosage requires titration. 

Beta receptor blockade is useful in conditions 
in which, because of pathologic or functional 
changes, sympathetic activity is excessive or 
inappropriate and detrimental to the patient. 


But there are also situations in which sympa- 
thetic stimulation is vital. For example, in 
patients with severely damaged hearts, ade- 
quate ventricular function is maintained by 
virtue of sympathetic drive which should be 
preserved. In the presence of AV block, beta 
blockade may prevent the necessary facilitat- 
ing effect of sympathetic activity on conduc- 
tion. Beta blockade results in bronchial con- 
striction by interfering with adrenergic bron- 
chodilator activity which should be preserved 
in patients subject to bronchospasm. 

The proper objective of beta blockade ther- 
apy is to decrease adverse sympathetic stimu- 
lation but not to the degree that may impair 
necessary sympathetic support or vital func- 
tional balances. 

Propranolol exerts its antiarrhythmic 
effects in concentrations associated with beta- 
adrenergic blockade and this appears to be its 
principal antiarrhythmic mechanism of action. 
The membrane effect also plays a role, par- 
ticularly, some authorities believe, in digitalis- 
induced arrhythmias. Beta-adrenergic block- 
ade is of unique importance in the management 
of arrhythmias due to increased levels of cir- 
culating catecholamines or enhanced sensitivity 
of the heart to catecholamines (arrhythmias 


associated with pheochromocytoma, thyro- 
toxicosis, exercise). 

Propranolol may reduce the oxygen require- 
ment of the heart at any given level of effort 
by blocking catecholamine-induced increases 
in heart rate, systolic blood pressure, and the 
velocity and extent of myocardial contraction. 
On the other hand, propranolol may increase 
oxygen requirements by increasing left ven- 
tricular fiber length, end diastolic pressure, 
and systolic ejection period. 

If the net physiologic effect of beta-adren- 
ergic blockade in angina is advantageous, it 
would be expected to manifest itself during 
exercise by delayed onset of pain due to 
decreased oxygen requirement. 


INDICATIONS: Angina Pectoris Due to Coronary 
Atherosclerosis. The initial treatment of angina 
pectoris involves weight control, rest, cessation 
of smoking, use of sublingual nitroglycerin, 
and avoidance of precipitating circumstances. 
INDERAL (propranolol hydrochloride) is indi- 
cated in selected patients with moderate to 
severe angina pectoris who have not re- 
sponded to these conventional measures. Pro- 
pranolol should not be used in patients with 
angina which occurs only with considerable 
effort or with infrequent precipitating factors. 

INDERAL exerts both favorable and unfavor- 
able effects, the preponderance of which may 
be beneficial. (See ACTIONS Section.) INDERAL 
should not be continued unless there is re- 
duced pain or increased work capacity. 

Because of the potential for adverse results, 
treatment should be carefully monitored. The 
patient should also be reevaluated periodically 
since the dosage requirement and the need to 
continue INDERAL may be altered by clinical 
exacerbations or remissions. (See DOSAGE 
AND ADMINISTRATION) . 

Additional studies of the effects of INDERAL 
in angina pectoris patients are in progress 
to better evaluate and define the proper role of 
INDERAL in this condition. 


CONTRAINDICATIONS: INDERAL is contraindi- 
cated in: 1) bronchial asthma; 2) allergic 
rhinitis during the pollen season; 3) sinus 
bradycardia and greater than first degree 
block; 4) cardiogenic shock; 5) right ventricu- 
lar failure secondary to pulmonary hyperten- 
sion; 6) congestive heart failure (see WARN- 
INGS) unless the failure is secondary to a 
tachyarrhythmia treatable with INDERAL; 7) in 
patients on adrenergic-augmenting psycho- 
tropic drugs (including MAO inhibitors), and 
during the two week withdrawal period from 
such drugs. 


WARNINGS: CARDIAC FAILURE: Sympathetic 
stimulation is a vital component supporting 
circulatory function in congestive heart fail- 
ure, and inhibition with beta-blockade always 
carries the potential hazard of further depress- 
ing myocardial contractility and precipitating 
cardiac failure. INDERAL acts selectively with- 
out abolishing the inotropic action of digitalis 
on the heart muscle (i.e. that of supporting the 
strength of myocardial contractions). However, 
the inotropic action of digitalis may be reduced 
by INDERAL’s opposite inotropic effect. The 
effect of INDERAL and digitalis are additive in 
depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC 
FAILURE, continued depression of the myocar- 
dium over a period of time can, in some cases, 
lead to cardiac failure. In rare instances, this 
has been observed during INDERAL therapy. 
'Therefore, at the first sign or symptom of im- 
pending cardiac failure, patients should be 
fully digitalized, and the response observed 
closely: (a) if cardiac failure continues, 
INDERAL therapy must be immediately with- 
drawn; (b) if tachyarrhythmia is being con- 
trolled, patients should be maintained on com- 
bined dosage and the patient closely followed 
until threat of cardiac failure is over. 


INDERAL3? (propranolol hydrochloride) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 


IN PATIENTS WITH THYROTOXICOSIS, possible 
deleterious effects from long term use have not 
been adequately appraised. Special considera- 
tion should be given to propranolol’s potential 
for aggravating congestive heart failure. Pro- 
pranolol may mask the clinical signs of contin- 
uing hyperthyroidism or complications and 
give a false impression of improvement. Pro- 
pranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE 
SYNDROME, several cases have been reported 
in which, after propranolol, the tachycardia 
was replaced by a severe bradycardia requiring 
a demand pacemaker. In one case this resulted 
after an initial dose of 5 mg. propranolol. 

IN PATIENTS DURING ANESTHESIA with agents 
that require catecholamine release for main- 
tenance of adequate cardiac function, beta 
blockade will impair the desired inotropic 
effect. Therefore, INDERAL (propranolol 
hydrochloride) should be titrated carefully 
when administered for arrhythmias occurring 
during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, 
beta blockade impairs the ability of the heart 
to respond to reflex stimuli. For this reason, 
with the exception of pheochromocytoma, 
INDERAL should be withdrawn 48 hours prior to 
surgery, at which time all chemical and phys- 
iologic effects are gone according to available 
evidence. However, in case of emergency sur- 
gery, since INDERAL is a competitive inhibitor 
of beta receptor agonists, its effects can be 
reversed by administration of such agents, e.g. 
isoproterenol or levarterenol. However, such 
patients may be subject to protracted severe 
hypotension. Difficulty in restarting and main- 
taining the heart beat has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHO- 
SPASM (e.g. CHRONIC BRONCHITIS, EMPHYSEMA), 
INDERAL should be administered with caution 
since it may block bronchodilation produced 
by endogenous and exogenous catecholamine 
stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPO- 
GLYCEMIA: Because of its beta-adrenergic 
blocking activity, INDERAL may prevent the ap- 
pearance of premonitory signs and symptoms 
(pulse rate and pressure changes) of acute 
hypoglycemia. Especially important with 
labile diabetics. 

USE IN PREGNANCY: The safe use of INDERAL 
in human pregnancy has not been established. 
Use of any drug in pregnancy or women of 
childbearing potential requires that the possi- 
ble risk to mother and/or fetus be weighed 
against the expected therapeutic benefit. 


PRECAUTIONS: Patients receiving catechola- 
mine depleting drugs such as reserpine should 
be closely observed if INDERAL is administered. 
'The added catecholamine blocking action of 
this drug may then produce an excessive re- 
duction of the resting sympathetic nervous 
activity. Occasionally, the pharmacologic ac- 
tivity of INDERAL may produce hypotension 
and/or marked bradycardia resulting in vertigo, 
syncopal attacks, or orthostatic hypotension. 

In chronically treated patients, dosage should 
be gradually reduced over a two week period 
when it is anticipated that the administration 
of INDERAL will be discontinued. There have 
been a few reports of myocardial infarction 
occurring within 2-3 days of propranolol hydro- 
chloride discontinuation in angina pectoris 
patients, but an association has not yet been 
established. 

As with any new drug given over prolonged 
periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be 
used with caution in patients with impaired 
renal or hepatic function. 


ADVERSE REACTIONS: Cardiovascular: bra- 
dycardia; congestive heart failure; intensifica- 
tion of AV block; hypotension; paresthesia 

of hands; arterial insufficiency, usually of 


the Raynaud type; thrombocytopenic purpura 

Central Nervous System: lightheadedness; 
mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental 
depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversi- 
ble syndrome characterized by disorientation 
for time and place, short term memory loss, 
emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsycho- 
metrics 

Gastrointestinal: nausea, vomiting, epigastric 
distress, abdominal cramping, diarrhea, con- 
stipation 

Allergic: pharyngitis and agranulocytosis, 
erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory 
distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, non-thrombo- 
cytopenic purpura, thrombocytopenic purpura 

Miscellaneous: reversible alopecia 

Clinical Laboratory Test Findings: Elevated 
blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline 
phosphatase, lactate dehydrogenase 


DOSAGE AND ADMINISTRATION: The oral 
route of administration is preferred. 


ORAL 

Angina Pectoris— Dosage must be indi- 
vidualized. Starting with 10-20 mg. three or 
four times daily, before meals and at bedtime, 
dosage should be gradually increased at three 
to seven day intervals until optimum response 
is obtained. Although individual patients may 
respond at any dosage level, the average opti- 
mum dosage appears to be 160 mg. per day. 
'The value and safety of dosage exceeding 
320 mg. per day have not been established. 

If treatment is to be discontinued, it is 
recommended that withdrawal be gradual over 
a- two week period. (See PRECAUTIONS.) 


PEDIATRIC DOSAGE 

At this time the data on the use of the drug 
in this age group are too limited to permit 
adequate directions for use. 


OVERDOSAGE OR EXAGGERATED RESPONSE 
IN THE EVENT OF OVERDOSAGE OR 
EXAGGERATED RESPONSE, THE 
FOLLOWING MEASURES SHOULD BE 
EMPLOYED: 
BRADYCARDIA—ADMINISTER ATRO- 
PINE (0.25 to 1.0 mg): IF THERE IS 
NO RESPONSE TO VAGAL BLOCKADE, 
ADMINISTER ISOPROTERENOL 
CAUTIOUSLY 
CARDIAC FAILURE-DIGITALIZATION 
AND DIURETICS 
HYPOTENSION- V ASOPRESSORS, e.g. 
LEVARTERENOL OR EPINEPHRINE 
(THERE IS EVIDENCE THAT EPINEPH- 
RINE IS THE DRUG OF CHOICE.) 
BRONCHOSPASM-ADMINISTER ISO- 
PROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED 
INDERAL® 
(propranolol hydrochloride) 


TABLETS 

No. 461—Each tablet contains 10 mg. of pro- 
pranolol hydrochloride, in bottles of 100 and 
1,000. 

No. 464—Each tablet contains 40 mg. of pro- 
pranolol hydrochloride, in bottles of 100 and 
1,000. 

INJECTABLE 

No. 3265—Each cc. contains 1 mg. of propra- 
nolol hydrochloride in Water for Injection. 
The pH is adjusted with citric acid. Sup- 
plied as: 1 cc. ampuls in boxes of 10. 


Ayerst. 


AYERST LABORATORIES 
NEW YORK, N.Y. 10017 
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4, reasons why you should continue 
to recommend Fleischmanns Margarine as 


part of a low saturated fat diet. 


Each pound contains almost 
100% corn oil. one cup liquid corn oil. 
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Makes sensible eating delicious. 





Clinical studies show corn oil is unsurpassed among 
vegetable oils in lowering serum cholesterol. 


For years you ve known about the excellent P/S ratio Studies indicate that natural plant sterols exert an 
of Fleischmann's? Margarine; it's high in polyunsat- independent suppressant effect on serum cholesterol.6,7,10 
urates, low in saturated fat. Fleischmann's is made from Corn oil has a higher content of these sterols than 
10076 corn oil; almost one cup is important liquid corn other commonly used vegetable oils. This unique 
oil. And clinical tests have shown corn oil is unsurpassed combination of factors, P/S ratio and plant sterols, is 
among vegetable oils for lowering serum cholesterol.1-? believed responsible for corn oil being unsurpassed in 
And because Fleischmann's is made from 100% corn lowering serum cholesterol.45 
oil, it tastes delicious. Fleischmann's Margarine can be recommended 

It is reported that the natural plant sterols of corn oil, with confidence for low cholesterol/low saturated fat diets 
in addition to its excellent P/S ratio, may play an because it is made from 100% corn oil. Fleischmann's 


important role in corn oil's hypocholesteremic effect. makes sensible eating delicious. 


And one coupon to get 
our free booklets to help your patients 
stay on that diet. 
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Tasty, nutritious and interesting 
dishes prepared without salt. 





Model low saturated fat menus, delicious 
recipes, calorie-controlled diets. 


Fleischmann's Margarine 
P.O. Box 1422 
Elm City, N.C. 27822 


Please send me informational, recipe and menu booklets 
to augment my instructions to patients. (Check Booklets Desired) 


The importance of 
a good diet at all 
ages. Foods listed by 

saturated fat content. 


— — “Dietary Control of Cholesterol" 

— —— "Low-Sodium Diets Can Be Delicious” 

"The Prevention of Heart Disease Begins in Childhood" 

(A handy reorder card for quantity requests will be sent with each booklet.) 








E] 
Dr. : 
PPN Allow 4 to 6 weeks for delivery. Orders 
Address without zip code cannot be accepted. Offer 
good only in U.S.A. Void where prohibited 
(c o a Se ete uer PI E or restricted by law. 
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Another fine product of Wandard Brands 





Two new action systems facilitate treatmen 


New for continuous infusion 


Xylocaine (lidocaine) HCl 40 mg per ml 


e Single-use vial 
- New concentration, 40 mg per ml 


* Two new package sizes 
provide dosage flexibility 





Unique 

disposable transfer unit 
enclosed in each package 

* No more aspirating—provides a closed 
system for faster, easier transfer of 
Xylocaine to I. V. solutions. 


* Pre-sterilized. 
* Functions with or without vacuum. 





Xf life-threatening cardiac arrhythmias 


New for ““bolus”’administration 


Xylocaine (idocaine) HCI 
intravenous 
prefilled syringe 








* Ready to use in seconds 

simply thread rod into plunger, 
break seal, remove needle guard and 
it functions like a standard syringe. 













* Provides accepted “stat” dose range 
contains 100 mg Xylocaine, 
graduated for accurate dosage variations. 


© Sterility maintained until moment of usé 
permits storage at critical use areas. 


Please read with care the 
Brief Summary on the following page. 





Xylocaine (tidocaing HCL intravenous for — — 
acute management of life-threatening arrhythmias 











TABLEI 
Composition of available solutions 
Composition* 
Xylo- | Sodium 
caine HCI] Chloride 
Dosage Form (mg per| (mg per 
ml) 1) 








For Direct 
Injection 


5 ml (100 mg) prefilled syringe 
PERCHE 
25 ml (One Gram) single use vial 
Pere 


*pH of all solutions adjusted to USP limits with sodium hydroxide. 
All containers are for single use: solutions do not contain preservatives. 


ACTIONS 


Xylocaine (lidocaine) has been reported to exert an anti- 
arrhythmic effect by increasing the electrical stimulation threshold 
of the ventricle during diastole. In usual therapeutic doses 
Xylocaine produces no change in myocardial contractility, in 
systemic arterial pressure or in absolute refractory period. 

Approximately 90% of an administered dose of Xylocaine is 
metabolized in the liver. The remainder ( 1046 ) of the drug is 
excreted unchanged via the kidneys. 


For Preparation 
of Infusion 
Solutions 


CONTRAINDICATIONS 


Xylocaine is contraindicated (1) in patients with a known history 
of hypersensitivity to local anesthetics of the amide type; and 

(2) in patients with Adams-Stokes syndrome or with severe 
degrees of sinoatrial, atrioventricular or intraventricular block. 


WARNINGS 


Constant monitoring with an electrocardiograph is essential in the 
proper administration of Xylocaine intravenously. Signs of 
excessive depression of cardiac conductivity, such as prolongation 
of PR interval and QRS complex and the appearance or aggrava- 
tion of arrhythmias, should be followed by prompt cessation of 
the intravenous infusion of this agent. It is mandatory to have 
emergency resuscitative equipment and drugs immediately 
available to manage possible adverse reactions involving the 
cardiovascular, respiratory or central nervous systems. 

Evidence for proper usage in children is limited. 


PRECAUTIONS 


Caution should be employed in the repeated use of Xylocaine 
(lidocaine) in patients with severe liver or renal disease because 
accumulation may occur and may lead to toxic phenomena, since 
Xylocaine is metabolized mainly in the liver and excreted by the 
kidney. The drug should also be used with caution in patients 
with hypovolemia and shock, and all forms of heart block (see 
CONTRAINDICATIONS and WARNINGS). 

In patients with sinus bradycardia the administration of 
Xylocaine intravenously for the elimination of ventricular ectopic 
beats without prior acceleration in heart rate (e.g. by 
isoproterenol or by electric pacing) may provoke more frequent 
and serious ventricular arrhythmias. 


ADVERSE REACTIONS 
Systemic reactions of the following types have been reported. 
(1) Central Nervous System: lightheadedness; drowsiness; 
dizziness; apprehension; euphoria; tinnitus; blurred or double 


vision; vomiting; sensations of heat, cold or numbness; 
twitching; tremors; convulsions; unconsciousness; and respiratory 
depression and arrest. 
(2) Cardiovascular System: hypotension; cardiovascular collapse; 
and bradycardia which may lead to cardiac arrest. 
There have been no reports of cross sensitivity between 
Xylocaine and procainamide or between Xylocaine and quinidine. 


MANAGEMENT OF ADVERSE REACTIONS 


1. In the case of severe reaction discontinue the use of the drug. 

2. Institute the emergency resuscitative procedures and administer 
the emergency drugs necessary to manage the severe reaction. 

3. For severe convulsions, small doses of an ultrashort-acting 
barbiturate or a short-acting muscle relaxant (if the patient is 
under anesthesia) may be used. 


DOSAGE AND ADMINISTRATION 


Single Injection: Only the 5 ml dosage size should be used for 
direct injection. The usual dose is 50 to 100 mg administered 
intravenously under ECG monitoring. This dose may be 
administered at the rate of approximately 25 to 50 mg/min. 
Sufficient time should be allowed to enable a slow circulation to 
carry the drug to the site of action. If the initial injection of 50 
to 100 mg does not produce a desired response, a second dose 
may be repeated after 5 minutes. 

NO MORE THAN 200 TO 300 MG OF XYLOCAINE 
(LIDOCAINE) SHOULD BE ADMINISTERED DURING A 
ONE HOUR PERIOD. 

In children experience with the drug is limited. 


Continuous Infusion: Following a single injection, using a 5 ml 
dosage size, in those patients in whom the arrhythmia tends to 
recur and who are incapable of receiving oral antiarrhythmic 
therapy, intravenous infusions of Xylocaine may be administered 
at the rate of 1 to 4 mg/ min. (20 to 50 „g/kg/min. in the average 
70 kg man). Intravenous infusions of Xylocaine must be admin- 
istered under constant ECG monitoring to avoid potential 
overdosage and toxicitv. Intravenous infusion should be termi- 
nated as soon as the patient's basic cardiac rhythm appears to be 
stable or at the earliest signs of toxicity. It should rarely be 
necessary to continue intravenous infusions beyond 24 hours. 
As soon as possible, and when indicated, patients should be 
changed to an oral antiarrhythmic agent for maintenance therapy. 

Solutions for intravenous infusion may be prepared by the 
addition of one gram of Xylocaine to one liter of 5% dextrose in 
water, the preferred diluent. Approximately a 0.1% solution will 
result from this procedure; that is, each ml will contain 
approximately 1 mg of Xylocaine. Thus, 1 to 4 ml/min. will 
provide 1 to 4 mg of Xylocaine/ min. 

In those cases in which fluid restriction is medically desirable, 
a more concentrated solution may be prepared. 

Please consult package literature for dosage and dilution 
instructions for Xylocaine intravenous infusion solutions. 

Xylocaine should not be added to blood transfusion assemblies. 


HOW SUPPLIED 


For direct injection Xylocaine (lidocaine) hydrochloride without 
preservatives is supplied in 5 ml (100 mg) ampules and in 5 ml 
(100 mg) prefilled syringes. 

For preparing intravenous infusion solutions, Xylocaine without 
sodium chloride or preservatives is supplied in one and two gram 
single use vials. Each vial is packed with a pre-sterilized 
transfer unit. 


ANTRA 


ASTRA PHARMACEUTICAL PRODUCTS, INC. 
Worcester, Massachusetts 01606 
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You won't be able to borrow this book. 
Better own your oun. 






Laragh's 
Hypertension Manual 


Edited by John H. Laragh, M.D., of the 
College of Physicians and Surgeons, 
Columbia-Presbyterian in New York. 

A classic treatise for understanding, 
diagnosing and treating hypertension. 





Chapters by: ue c 


[] John Laragh on The Renin System in Cau- 
sation and on Evaluation of Hypertensive 
Patients. 

Sir George Pickering on Definitions, Natu- 
ral Histories and Consequences. 

Louis Tobian on Experimental Mechanisms 
Arthur Guyton on Control Mechanisms 
Edward Freis on Why, When, and How to 
Treat. 

Edward Biglieri on Diagnosis of Adrenocor- 
tical Hypertension 

Harriet Dustan on Hemodynamic 
Mechanisms 

Jay Cohn on Hypertension and the Heart 
Hans Brunner on Renin as a Risk Factor 





Approximately 900 pages, 150 illustrations. 
Price: $37.00 
Ready January, 1974. 
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Partial list of contributors: 








John H. Laragh J. C. 

Sir George Pickering F. R. Buhler pops cocci Books sk 

E. A. Lew E. G. Biglieri in Avenue 

E. D. Freis D. R. LaBarthe New York, New York 10019 

H. R. Brunner K. Engelman S : : 

A. C. Guyton J. E. Sealey end me, postage paid, copies of 
L. Tobian, Jr. C. R. Ayers Laragh's Hypertension Manual: Mechanisms, 
H. P. Dustan J. A. Wilber Methods & Management. Price: $37.00* (For- 
J. N. Cohn J. Koch-Weser eign, add $2.00 for postage and handling.) 

V. DeQuattro P. Kincaid-Smith 

J. Giese F. A. Finnerty 

A. R. Christlieb E. D. Vaughan You will be billed later. 

A. F. Lever O Intern, Resident, Student 


Dr. Laragh's Hypertension Manual will un- 
doubtedly become the standard reference 


(Special Price $35.00) 
C] Private Practice 





work in Hypertension. Use the attached O Specialty 

form to place your order. This is the firstin a [C] Academic 

series of Yorke Medical Books—from the NE 

publishers of The American Journal of 

Cardiology, The American Journal of Medi- ADDRESS. 

cine, The American Journal of Surgery, and "E fort " 


Cutis. 





*Plus appropriate Sales Tax if in New York State 


When cardiac 
complaints occur 


inthe absence | 
of organic findings, 
underlying 
anxiety may be 
one factor 





The influence of anxiety on heart function 


Excessive anxiety is one of a combina- 
tion of factors that may trigger a series of 
maladaptive functional reactions which can 
generate further anxiety. Often involved in 
this vicious circle are some cardiac arrhyth- 
mias, paroxysmal supraventricular tachycar- 
dia and premature systoles. When these 
symptoms resemble those associated with 
actual organic disease, the overanxious 
patient needs reassurance that they have no 


Before prescribing, please consult complete product information, 
a summary of which follows: 

Indications: Relief of anxiety and tension occurring alone or accom- 
panying various disease states. 

Contraindications: Patients with known hypersensitivity to the drug. 

Warnings: Caution patients about possible combined effects with alco- 
hol and other CNS depressants. As with all CNS-acting drugs, caution patients 
against hazardous occupations requiring complete mental alertness (e.g., oper- 
ating machinery, driving). Though physical and psychological dependence 
have rarely been reported on recommended doses, use caution in administer- 
ing to addiction-prone individuals or those who might increase dosage; with- 
drawal symptoms (including convulsions), following discontinuation of the 
drug and similar to those seen with barbiturates, have been reported. Use of 
any drug in pregnancy, lactation, or in women of childbearing age requires 
that its potential benefits be weighed against its possible hazards. 

Precautions: In the elderly and debilitated, and in children over six, 
limit to smallest effective dosage (initially 10 mg or less per day) to preclude 
ataxia or oversedation, increasing gradually as needed and tolerated. Not rec- 
ommended in children under six. Though generally not recommended, if 
combination therapy with other psychotropics seems indicated, carefully 
consider individual pharmacologic effects, particularly in use of potentiating 
drugs such as MAO inhibitors and phenothiazines. Observe usual precautions 


organic basis and that reduction of exces- 
sive anxiety and emotional overreaction 
would be medically beneficial. 


The benefits of antianxiety therapy 

Antianxiety medication, when used to 
complement counseling and reassurance, 
should be both effective and comparatively 
free from undesirable side effects. More than 
13 years of extensive clinical experience has 
demonstrated that Librium (chlordiazepox- 
ide HCl) fulfills these requirements with a 
high degree of consistency. Because of its 
wide margin of safety, Librium may generally 
be administered for extended periods, at the 
physician’s discretion, without diminution 
of effect or need for increase in dosage. (See 
summary of prescribing information.) If 
cardiovascular drugs are necessary, Librium 
is used concomitantly whenever anxiety is a 
clinically significant factor. (See Pre- 
cautions.) Librium should be discontinued 
when anxiety has been reduced to appropri- 
ate levels. 


For relief of 


excessive anxiety 
adjunctive 


Librium 105; 
(chlordiazepoxide HCI) 
lor 2 capsules t.i.d./q.i.d. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 





in presence of impaired renal or hepatic function. Paradoxical reactions 
(&.g., excitement, stimulation and acute rage) have been reported in psychi- 
atric patients and hyperactive aggressive children. Employ usual precautions 
in treatment of anxiety states with evidence of impending depression; suicidal 
tendencies may be present and protective measures necessary. Variable effects 
on blood coagulation have been reported very rarely in patients receiving the 
drug and oral anticoagulants; causal relationship has not been established 
clinically. 

Adverse Reactions: Drowsiness, ataxia and confusion may occur, espe- 
cially in the elderly and debilitated. These are reversible in most instances by 
proper dosage adjustment, but are also occasionally observed at the lower 
dosage ranges. In a few instances syncope has been reported. Also encountered 
are isolated instances of skin eruptions, edema, minor menstrual irregularities, 
nausea and constipation, extrapyramidal symptoms, increased and decreased 
libido—all infrequent and generally controlled with dosage reduction; changes 
in EEG patterns (low-voltage fast activity) may appear during and after treat- 
ment; blood dyscrasias (including agranulocytosis), jaundice and hepatic dys- 
function have been reported occasionally, making periodic blood counts and 
liver function tests advisable during protracted therapy. 

Supplied: Librium® Capsules containing 5 mg, 10 mg or 25 mg chlor- 
diazepoxide HCI. Libritabs? Tablets containing 5 mg, 10 mg or 25 mg 
chlordiazepoxide. 
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LLILITILIM ULL, 


HYPERTENSION 


HEART DISEASE 
DIABETES 


ELEVATED 
CHOLESTERQ 


You have your own therapeutic regimen to reduce these 
risk factors—the "Big Four” accelerators of stroke. 


And TIAs-the Prophetic Fifth Horseman 


Transient Ischemic Attacks 
(TIA’s) are another signal of im- 
pending stroke that is particularly 
ominous. In fact, 33% of patients 
with TIA's will develop a severe 


neurological deficit within 5 years.* 


For such patients, PAVABID* 
(papaverine HCl) vasodilatation 
helps to preserve cerebral circula- 
tion. By reducing arterial tone, 
Pavabid therapy helps block 
vasospasm that can result in 
neurological damage. 


Mova and ilro - Medical Neuroloo 


PAVABID 


(papaverine HCI, 


150 mg.) 
Plateau CAPS* 


ischemia associated with arterial spasm an 
myocardial ischemia complicated by arrhytt 
mias. Dosage: One capsule every 12 hours. 
In difficult cases, administration may be in- 
creased to one capsule every 8 hours, or tw 
capsules every 12 hours. Precaution: Use wi 
on in patients with glaucoma. Hepatic 


ersensitivity has been reported wit 


ea, abdominal distress, anorexi 
, malaise, drowsiness, vertigo, 
headache, diarrhea and skin rai 
Another patient benefit product from 
PHARMACEUTICAL DIVISION 
IVLALPEITCOTN 





or complete product information, 
ontact your local Medtronic 
epresentative or Medtronic 
orporate Headquarters: 


edtronic, Inc. 
5055 Old Highway Eight 
inneapolis, Minn. 55418 
elephone 612/781-6061 





;acemakers conserve it. 


Model 5944— 
Bipolar Demand 
Pulse Generator 


The concept of Energy Conservation 
is based on one simple fact: 
lessen the drain on a power source 
and you extend its life i 
~ In the new Medtronic 

pacemakers width has 
reduced to reduce the energy 
expenditure per pulse 

Less energy expended 


, pulse been 


means longer projected life 


It's that simple. 


Model 5945 
Unipolar Demand 
Pulse Generator 


As pulse width narrows, projected 
life of the pulse generator is extended 


Another sianiticant improvemen 
combines the idea of energy 
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By ong barometer, 
| ertensive. 
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V By another, m 
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In certain patients, excessive 
psychic tension may accompany 
essential hypertension. 


Through reassurance, coun- 
seling and other supportive 
measures, you may help 
most of your hypertensive 
patients overcome their 
psychic tension. Certain 
patients remain excessively 
tense and anxious despite 
your efforts. For them, 
Valium (diazepam) can be 
an important adjunctive 
therapy. 

Most patients experience 
prompt relief of the psychic 
tension symptoms that may 
accompany their hyperten- 
sion — and often within the 
first few days of therapy. 


Some patients may take 
longer to show a clear-cut 
response. Also worthy of ` 
note: Valium (diazepam) is 
used with most classes of 
primary medications such as 
cardiac glycosides, diuretics, 
vasodilators, anticholinergics, 
antacids and antihyperten- 
sives. If Valium is to be 
combined with other psy- 
chotropic agents, careful 
consideration should be given 
to the pharmacology of the 
agents to be employed — 
particularly with known 
compounds which may po- 
tentiate the action of 
Valium, such as phenothi- 


azines, narcotics, barbitu- 
rates, MAO inhibitors and 
other antidepressants. 

Oral Valium (diazepam) is 
usually well tolerated, and 
generally does not signifi- 
cantly affect respiration or 
pulse. The most frequent side 
effects are drowsiness, fatigue 
and ataxia. Patients should be 
warned against engaging in 
hazardous occupations or 
driving. 

Adjunctive Valium 
(diazepam) should be con- 
tinued only until excessive 
psychic tension has been 
reduced to acceptable levels. 


Valium: diazepam) 
2-mg, 5-mg, l0-mg tablets 


valuable adjunct when 
psychic tension accompanies essential hypertension 


Please turn page for a summary of product information. 
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In certain patients, 
when psychic tension 
accompanies essential 

hypertension 


: Valium aizepany 
2-mg, 5-mg, l0-mg tablets 


Before prescribing, please consult complete 
product information, a summary of which 
follows: 

Indications: Tension and anxiety states, 
somatic complaints which are concomitants of 
emotional factors; psychoneurotic states mani- 
fested by tension, anxiety, apprehension, 
fatigue, depressive symptoms or agitation; 
symptomatic relief of acute agitation, tremor, 
delirium tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in skeletal 
muscle spasm due to reflex spasm to local 
pathology, spasticity causec by upper motor 
neuron disorders, athetosis, stiff-man syndrome, 
convulsive disorders (not for sole therapy). 
Contraindicated: Known hypersensitivity to 
the drug. Children under 6 months of age. 
Acute narrow angle glaucoma; may be used in 
patients with open angle glaucoma who are 
receiving appropriate therapy. 

Warnings: Not of value ia psychotic patients. 
Caution against hazardous occupations requir- 
ing complete mental alertness. When used 
adjunctively in convulsive disorders, possibility 
of increase in frequency and/or severity of 
grand mal seizures may recuire increased dos- 
age of standard anticonvulsant medication; 
abrupt withdrawal may be associated with 
temporary increase in frequency and/or sever- 
ity of seizures. Advise against simultaneous 
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ingestion of alcohol and other CNS depres- 
sants. Withdrawal symptoms (similar to those 
with barbiturates and alcohol) have occurred 
following abrupt discontinuance (convulsions, 
tremor, abdominal and muscle cramps, vomit- 
ing and sweating). Keep addiction-prone indi- 
viduals under careful surveillance because of 
their predisposition to habituation and depend- 
ence. In pregnancy, lactation or women of 
childbearing age, weigh potential benefit 
against possible hazard. 

Precautions: If combined with other psycho- 
tropics or anticonvulsants, consider carefully 
pharmacology of agents employed; drugs such 
as phenothiazines, narcotics, barbiturates, MAO 
inhibitors and other antidepressants may 
potentiate its action. Usual precautions indi- 
cated in patients severely depressed, or with 
latent depression, or with suicidal tendencies. 
Observe usual precautions in impaired renal 
or hepatic function. Limit dosage to smallest 
effective amount in elderly and debilitated to 
preclude ataxia or oversedation. 


Side Effects: Drowsiness, confusion, diplopia, 
hypotension, changes in libido, nausea, fatigue, 
depression, dysarthria, jaundice, skin rash, 
ataxia, constipation, headache, incontinence, 
changes in salivation, slurred speech, tremor, 
vertigo, urinary retention, blurred vision. 
Paradoxical reactions such as acute hyperexcited 


states, anxiety, hallucinations, increased 

muscle spasticity, insomnia, rage, sleep dis- 
turbances, stimulation have been reported; 
should these occur, discontinue drug. Isolated 
reports of neutropenia, jaundice; periodic 

blood counts and liver function tests advis- 

able during long-term therapy. 

Dosage: Individualize for maximum beneficial 
effect. Adults: 'Tension, anxiety and psychoneu- 
rotic states, 2 to 10 mg b.i.d. to q.i.d.; alcoholism, 
10 mg t.i.d. or q.i.d. in first 24 hours, then 5 mg 
t.i.d. or q.i.d. as needed; adjunctively in skeletal 
muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; 
adjunctively in convulsive disorders, 2 to 10 mg 
b.i.d. to q.i.d. Geriatric or debilitated patients: 

2 to 22 mg, 1 or 2 times daily initially, in- 
creasing as needed and tolerated. (See Precau- 
tions.) Children: 1 to 2V5 mg t.i.d. or q.i.d. 
initially, increasing as needed and tolerated (not 
for use under 6 months). 

Supplied: Valium® (diazepam) Tablets, 2 mg, 
5 mg and 10 mg; bottles of 100 and 500. All 
strengths also available in Tel-E-Dose® packages 
of 1000. 


Qua) 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, N.J. 07110 


Second of The Life Serics/Medical Incorporated 
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e ... İS but a day; 
G] 1 e A fragile dewdrop on its perilous way 
From a tree's summit." 
e 


John Keats 


The Lillehei-Kaster Pivoting 
Disc Prosthetic Heart Valve — 
designed to meet the require- 
ments of hemodynamic effi- 
ciency with minimal gradients 
and regurgitant flows at phys- 
iologic outputs! — in human 
clinical application for over 
three years. 

The Pivoting Disc Prosthesis 
presents these outstanding 
features: 

Increased Effective Flow 
largest effective orifice 
highest cardiac output 

lower pressure gradients 
minimal regurgitation 
controlled marginal back-flow 
Minimal Flow Obstruction 

low incidence of hemolysis 
optimized central laminar flow 
negligible flow stasis 
spontaneous disc response 
Blood Compatible Materials 
free-floating Pyrolite" disc 
low profile titanium housing 
Our technical specialists will 
be pleased to demonstrate the 
Pivoting Disc Prosthesis and 
discuss clinical and laboratory 
findings. 


MEDICAL INCORPORATED - 5200 WEST 78th STREET, MINNEAPOLIS, MINNESOTA 55435 - M iuc 612/929-3331 
1. Lilfehei, C.W., et aL,'""Heart Valve Replacement with the Lillehei-Kaster Pivoting Disc Prosthesis,” Presented 
at the Southern African Cardiac Society 8th Biennial Cardiac Congress, July 1972, Durban, South Africa 
® Pyrolite is the registered trademark of Gulf Energy and Environmental Systems. Inc 


4 








DECEMBER 1973 


The American Journal of CARDIOLOGY® 


CLINICAL STUDIES 


VOLUME 32 
NUMBER 7 





In Vitro Length-Tension Relations of Human 
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This study was designed to quantitate the length-tension relations of 
surgically resected human ventricular aneurysms in order to calcu- 
late the degree of paradoxical systolic expansion and mechanical 
disadvantage produced by various types of aneurysms. The in vitro 
length-tension relations of the 11 aneurysms studied closely con- 
formed to an exponential equation. In vivo wall stress in each aneu- 
rysm was calculated from ventricular pressure and the ventriculo- 
gram utilizing the Laplace relation. In the four fibrous aneurysms the 
calculated increase in circumference averaged 2.4 percent in sys- 
tole; in five aneurysms with fibrous and muscular tissue, average 
circumference increased 6.3 percent; in two muscular aneurysms 
(from patients with acute myocardial infarction and shock), average 
circumference increased by 14.6 percent. Thus, chronic fibrous an- 
eurysms appear to produce their primary mechanical disadvantage 
by a loss of contractile tissue since systolic paradox is minimal. An 
acute muscular aneurysm produces mechanical disadvantage not 
only by loss of contractile tissue but also by significant paradoxical 
systolic expansion. 


Chronic ventricular aneurysm is a relatively common late complica- 
tion of myocardial infarction, occurring in 4 to 38 percent of reported 
autopsy series of patients with previous myocardial infarction. * 
Furthermore, during the acute phase of infarction, paradoxic systolic 
expansion of the involved myocardium is usually present.5.6 Elemen- 
tary considerations suggest that the mechanical disadvantage is con- 
siderable and is related both to the extent of infarction and to the 
passive length-tension (compliance) characteristics of the infarcted 
or ischemic myocardium. Despite the frequency of acute or chronic 
aneurysm, very little attention has been directed toward quantitat- 
ing the degree of mechanical disadvantage produced by paradoxic 
systolic expansion. Such information may be valuable in under- 
standing the acute or chronic changes in hemodynamics after myo- 
cardial infarction and in selecting patients for medical therapy or 
surgical procedures such as aneurysmectomy? designed to improve 
overall hemodynamics. This study was undertaken to quantitate the 
length-tension relations of the ventricular myocardium removed from 
patients with ventricular aneurysm at the time of surgery and to cal- 
culate the degree of systolic paradox and mechanical disadvantage 
produced by various types of aneurysms. 
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LENGTH-TENSION RELATIONS OF VENTRICULAR ANEURYSMS—PARMLEY ET AL. 


TABLE I 
Combined Results of all Calculations in 11 Patients 














Time After Aneurysmal 
Age (yr) Myocardial LVEDP LVSP Radius Thickness LVEDo LVPSe 
Case no. & Sex Infarction (mm Hg) (mm Hg) (cm) (cm) (g/cm?) (g/cm?) Lı (mm) 
A. Fibrous Aneurysm 
1 70M 19 mo 12 110 57 0.47 99 907 68 
2 46M 13 mo 34 90 3.6 0.45 185 490 49 
3 56M 9 mo 23 119 3.9 0.24 254 1315 62 
4 59M 4 yr 20 100 3.6 0.44 111 556 53 
Mean 22 105 4.2 0.40 162 817 - 58 
B. Fibrous and Muscular Aneurysm 
5 53M 5 mo 18 118 5.8 0.56 127 831 57 
6 42M 9 yr 21 90 TA 0.48 214 918 50 
7 65F 3 mo 21 103 2.2 0.27 116 571 52 
8 66M 11 yr 26 73 5.8 0.46 223 626 48 
9 73M 2mo 25 100 2.0 0.71 48 192 44 
Mean 22 97 4.6 0.50 146 628 50 
C. Muscular Aneurysm 

10 45M 3 days 36 95 EN 0.78 110 290 49 
11 59M 6 days 16 155 2.1 0.90 25 246 14 
Mean 26 125 2.8 0.84 68 268 32 


Lı = length at 100 g/cm?; LVEDP = left ventricular end-diastolic pressure; LVEDs = left ventricular end-diastolic stress; LVSP = left 
ventricular peak systolic pressure; LVPSc = left ventricular peak systolic stress. 


Methods 


Eleven patients with a ventricular aneurysm were stud- 
ied (Table I). Nine had a chronic aneurysm after acute 
myocardial infarction, and two had an acute aneurysm at 
the time of infarction. All patients underwent right and 
left heart catheterization studies including left ventricu- 
lography, and all underwent resection of their aneurysm 
at the time of operation. Immediately after resection each 


ANEURYSM 
A = 47.0 cm2 
Wt. 22.2 g 


AVER. 
THICKNESS 


D 


47 cm 


S RIP Ss eee 


L = 68 cm 
Wt. = 15 g 
AVER. CSA = .22 cm 


AVER. WIDTH = .47 cm 

FIGURE 1. Case 1. The outline of the aneurysm is indicated 
schematically. Average thickness was calculated by dividing the 
weight by the area (assuming a specific gravity of 1.0). The 
dashed line indicates the removal of a long strip of the aneu- 
rysm for the in vitro determination of its length-tension relations. 
The dimensions of this strip are indicated in the inset. A = an- 
eurysmal area; Aver. = average; CSA = cross-sectional area; 
'L = length; Wt = weight. 


aneurysm was transported in oxygenated saline solution to 
the isolated muscle laboratory for special in vitro studies. 
Each aneurysm was weighed and then traced on a piece of 
paper for planimetry of its area so that its average thick- 
ness could be calculated. One to three thin long strips 
were cut from the aneurysm and placed in a myograph in 
vitro in oxygenated Krebs solution (35° C). One end was 
fixed to a force transducer; the other end was constantly 
lengthened by a withdrawal pump. The rate of length- 
ening was adjusted to produce a rise of 100 g force in 
approximately 1 minute. Repeat determinations were re- 
producible within 5 percent. Force data were recorded on 
a pressure-ink recorder (Hewlett Packard 7858) and also 
on magnetic tape. The taped information was fed into a 
Sigma 3 computer which fit the length-tension data to a 
best exponential curve using a nonlinear least squares 
program. The exponential equation took the form: Stress 
= AeB(L-L,)/Lı + C where A, B and C are constants. L is 
muscle length at 1 g of force. B was used as an index of 


‘stiffness? for comparison of different aneurysms. 


To calculate the degree of in vivo paradox occurring 
during systole, wall stress (c) in the aneurysmal wall was 
calculated from each left ventriculogram (right anterior 
oblique projection) using the simplified Laplace formula 
for a sphere, c = PR/2h.1° The radius (R) was obtained 
by fitting the best circular segment to the aneurysmal 
wall. The measured radius of this segment was calibrated 
by the thickness of the ventriculographic catheter. Left 
ventricular end-diastolic and peak systolic pressures (P) 
were obtained from the cardiac catheterization data. Wall 
thickness (h) was measured directly from the in vitro 
specimen and was also calculated from the planimetered 
area and weight of the aneurysm (h = weight /area). 
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Results 


Calculation of aneurysm thickness: Figure 1 il- 
lustrates some of the in vitro measurements made on 
a representative aneurysm (Case 1). Aneurysmal 
area (A) was determined by planimetry from the 
tracing of the aneurysm and the weight was mea- 
sured to the nearest 0.1 g. Average thickness was 
calculated assuming a specific gravity of 1.0. This 
calculated thickness compared favorably with the 
measured thickness. The dashed lines in Figure 1 in- 
dicate the removal of a long rectangular strip for de- 
termination of length-tension relations in the myo- 
graph. 

Length-tension relations: Figure 2 illustrates the 
record obtained while the aneurysmal strip in Case 8 
was constantly lengthened. The curvilinear nature of 
the length-tension relation of the aneurysm is evi- 
dent. 

Figure 3 is the actual computer printout of the 
data obtained in Case 7. The near identity between 
the raw data and the best fit exponential curve justis 
fies the use of the length-stress relation and its de- 
rived constants as an accurate descriptor of this tis- 
sue. Stress was normalized on the vertical axis in 
grams per square centimeter (force per cross-section- 
-al area). Length was normalized on the horizontal 
axis as a percent of that length at 100 g/cm? of force 
(L4). The exponential equation is illustrated with its 
derived constants. 












|! BEST FIT EXPONENTIAL CURVE Ai 
.OF THE LENGTH- TENSION RELATIONS - i 
OF A STRIP OF HUMAN EON E i 


SEC. MARKER 


FORCE - g. 





SPEED OF LENGTHENING = Imm./2Osec 


Lo = 45 mm. 


FIGURE 2. Case 8. A representative length-tension experiment 
utilizing the aneurysmal strip. As the aneurysmal strip was con- 
stantly lengthened, force was recorded as a function of time. Lo 


= length at zero resting force. 


As in previous analyses,? the B constant was used 
as an index of the rate of change of the slope of the 


length-tension curve, that it, as an index of aneurys- 


mal stiffness. Aneurysms were classified on the basis 
of their gross morphologic appearance as (1) totally 
fibrous aneurysms, (2) aneurysms with combined fi- 
brous and muscular tissue, and (3) muscular aneu- 
rysms removed at the time of acute myocardial in- 
farction. The B constant ranged from 33 to 213 in 
the four aneurysms composed of fibrous tissue. The 
five aneurysms with fibrous and muscular tissue had 
a B constant of 21 to 37, whereas the two muscular 
aneurysms had B constants of 12 and 21, respective- 




















FIGURE 3. Case 7. Reproduction of the Cal- 
comp Computer printout, illustrating the 
length-tension data (solid line) of the aneu- 























rysmal strip and the best fit exponential 
curve (dashed line). Stress is plotted on the 





vertical axis in grams per square centimeter, 
and length is normalized on the horizontal 
axis as a percent of L; (length at 1 g of 




















force). The exponential equation and its con- 
stants, and the computer identification of the 
data, are shown in the Mset. 
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TABLE II 
Percent Increase in Circumference of Each Aneurysm 


Calculated Increase 
in Systolic Volume 





Relati Systolic Increase in Enclosed by 
es Circumference (%) Aneurysm (%) 
(B *Com- *Com- 
Case no. Constant) ^ Actual parative Actual parative 
A. Fibrous Aneurysm 
1 213 1.0 0.7 3 2 
2 131 0.3 0.6 1 2 
3 144 5.2 3.9 16 12 
4 33 3:2 3.0 10 9 
Mean 130 2.4 2-1 8 6 
B. Fibrous and Muscular Aneurysm 
5 37 4.8 4.5 15 14 
6 22 11.8 11.0 40 36 
7 32 7.5 9.0 23 29 
8 29 3.3 4.3 11 14 
9 21 4.5 1:5 14 24 
Mean 28 6.3 7:3 21 23 
C. Muscular Aneurysm 

10 21 6.3 22.0 20 81 
11 12 23.0 25.0 86 95 
Mean 17 14.6 23.5 53 88 


* Assuming end-diastolic stress = 150 g/cm? and peak systolic 
stress = 750 g/cm?. 


ly (Table II). By comparison, the average B constant 
of seven normal cat papillary muscles studied in the 
same way was 32 + 2 (standard error of the mean). 

Calculation of aneurysmal wall stress: Wall 
stress in each aneurysm at the time of catheteriza- 
tion was calculated from each ventriculogram (Fig. 
4). The end-diastolic and end-systolic frames from 
this patient (Case 1) with a chronic ventricular an- 
eurysm after an anterolateral myocardial infarction 
are illustrated in the right anterior oblique projec- 
tion. Wall stress (c) was calculated from the formula 
c = PR/2h. End-diastolic stress was calculated using 
end-diastolic pressure, and peak systolic stress using 
peak systolic pressure. The fit of a circular segment 
is illustrated with the measurement of an average ra- 
dius (R). Wall thickness (h) was obtained from the 
in vitro studies. 

Figure 5 illustrates the ventriculogram of Patient 
10, who had acute myocardial infarction and cardi- 
ogenic shock. As shown by the end-diastolic and 
end-systolic tracings, acute paradoxic systolic expan- 
sion was evident at the apex in this patient. Wall 
stress was calculated in a similar manner using the 
appropriate values for radius, pressure and wall 
thickness. The combined results of all calculations 
are illustrated in Table I. Patients are classified in 
three groups on the basis of the composition of their 


aneurysm. Although there were minor changes in av- 
erage end-diastolic and peak systolic pressures, the 
muscular aneurysms tended to have a smaller radius 
and a greater wall thickness. This resulted in less 
end-diastolic and peak systolic stress in the muscular 
aneurysms than in the other two groups of chronic 
aneurysms. 

Calculation of increase in aneurysmal circum- 
ference: Utilizing the calculated end-diastolic and 
peak systolic wall stress, we calculated the percent 
increase in circumference of each aneurysm from a 
knowledge of the length-tension relations of that an- 
eurysm (Table II). For example, in Case 7 the end- 
diastolic stress was 116 g/cm?, and the peak systolic 
stress was 571 g/cm?. By reference to Figure 3 it can 
be seen that the aneurysmal strip increased its 
length by approximately 7 percent as it was 
stretched from end-diastolic to peak systolic stress. 
Table II shows the average calculated increase in cir- 
cumference for the three groups of patients (1) using 
the individual data for each patient and (2) assum- 
ing a similar end-diastolic (150 g/cm?) and peak sys- 
tolic stress (750 g/em?) for comparison. Since the 
volume enclosed by the aneurysm should expand ap- 
proximately as the cube of the average increase in 
circumference, this calculation is also shown. Thus, 
the chronic fibrous aneurysms had an average in- 
crease in circumference of only 2.1 percent, the fi- 
brous and muscular aneurysms expanded an average 
of 6.3 percent, and the two aneurysms composed to- 
tally of muscular tissue had a calculated increase in 
circumference of 6.3 and 23.0 percent, respectively. 
On a comparative basis (assuming an end-diastolic 
stress of 150 g/cm? and peak systolic stress of 750 
g/cm?) the circumference of the four fibrous aneu- 
rysms increased an average of 2.1 percent (range 0.6 
to 3.9 percent). that of the fibrous and muscular an- 
eurysms 7.3 percent (range 4.3 to 11.0 percent), and 
that of the two muscular aneurysms 22.0 and 25.0 
percent, respectively. 


Discussion 


There are at least four mechanisms whereby a 
ventricular aneurysm may adversely affect ventricu- 
lar function. (1) The aneurysm can produce serious 
ventricular arrhythmias, presumably from a marginal 
site, since the arrhythmias can often be eliminated 
by aneurysmectomy. (2) The loss of contractile tis- 
sue alone will reduce the ejection fraction. (3) The 
increase in ventricular size produces an increase in 
wall stress and oxygen consumption by the Laplace 
relation. (4) Paradoxic expansion of the aneurysm 
further reduces forward stroke volume and ejection 
fraction. 

Our study has attempted to quantitate this latter 
effect by direct measurement of the length-tension 
relations of strips of human aneurysms. The results 
indicate that there is little mechanical disadvantage 
due to paradox of chronic fibrous aneurysms because 
of their extreme stiffness. The apparent systolic par- 
adox observed on fluoroscopic study in some patients 
with chronic fibrous aneurysms may be related to (1) 
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FIGURE 4. Case 1. Superimposed end-diastolic (solid line) and 
end-systolic (dashed line) frames of the ventriculogram ob- 
tained in the right anterior oblique projection. The dotted line 
represents a circular segment (radius R), which was fit to the 
aneurysm. Wall stress (c) was calculated by the formula indi- 
cated. End-diastolic stress was 99 g/cm?, peak systolic stress 
907 g/cm?. 


the relative inward movement of the uninvolved nor- 
mal muscle, (2) the upward and outward movement 
of the apex during systole, or (3) the stretching of a 
surrounding cuff of normally distensible but ischemic 
and noncontractile myocardium. Our study makes 
clear that the marked stiffness of fibrous aneurysms 
does not allow for appreciable paradoxic expansion 
due only to stretching of the aneurysm itself. 
Reduction in ejection fraction produced by an- 
eurysms differing in size and stiffness: A simplis- 
tic calculation of the mechanical disadvantage pro- 
duced by aneurysms differing in size and stiffness is 
illustrated in Figure 6.* If one assumes that each seg- 
ment of the ventricle moves inward to eject approxi- 
mately two thirds of its enclosed volume, this would 


FIGURE 6. Theoretical calculation of ejection frac- 
tion (vertical axis) in patients with aneurysms of 
different size and stiffness. The relative size of the 
aneurysm (percent of involvement of the left ventri- 
cle) is indicated on the horizontal axis. For com- 
parative purposes, the data have been calculated 
assuming an end-diastolic stress (EDo) of 150 
g/cm? and a peak systolic stress (PSa) of 750 g/ 
cm2. Consider initially that the area of the infarct is 
noncontractile and nondistensible. Then, the ejec- 
tion fraction (E.F.) will be reduced in direct rela- 
tion to the proportion of inert elements (solid line). 
When the compliance characteristics of the infarct 
are considered, it is apparent that there will be out- 
ward movement of the infarct segment during each 
systole. Thus, a portion of the potential systemic 
stroke volume will be delivered into this segment 
and ejection fraction will be further reduced. The 
theoretical reduction in ejection fraction produced 
by each of the three types of aneurysms studied is 
plotted. 


EJECTION FRACTION 
^ 












END DIASTOLE 
—-—-— END SYSTOLE 


FIGURE 5. Case 10. Superimposed end-diastolic (solid line) 
and end-systolic (dashed line) frames from the ventriculogram, 
3 days after acute myocardial infarction. Obvious paradoxic sys- 
tolic expansion of the apex was evident on the ventriculogram. 
The radius R represents the mean radius of the aneurysmal seg- 
ment during systole and diastole. End-diastolic stress was 110 
g/cm?, peak systolic stress 290 g/cm?. 


account for a normal ejection fraction of approxi- 
mately 0.70. If a portion of the ventricle were non- 
contractile and noncompliant, then the ejection frac- 
tion would be reduced in proportion to the area of 
the ventricle so affected (solid line of Fig. 6). For ex- 
ample, if 50 percent of the ventricle were noncon- 
tractile and nonexpansile, and if the uninvolved half 
moved inward normally, then the overall ejection 
fraction would be reduced to 0.35. If, in addition, the 
noncontractile portion were to undergo paradoxic 
systolic expansion, then the ejection fraction would 
be further reduced in relation to the compliance of 
the aneurysmal segment. This would occur because 
part of the forward stroke volume would be lost in 
expanding the aneurysm, thus reducing the ejection 
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fraction.” Figure 6 illustrates the relation between 
compliance and a further reduction in ejection frac- 
tion for the three types of aneurysms. The data as- 
sume an end-diastolic and peak systolic stress of 150 
and 750 g/cm?, respectively, for comparative pur- 
poses. Note that the fibrous aneurysm produces little 
further reduction in the ejection fraction because of 
its relatively nonexpansile qualities. A fibrous and 
muscular aneurysm produces intermediate values, 
whereas the muscular aneurysm produces a signifi- 
cant further reduction of ejection fraction due to 
paradoxic expansion. This simplistic scheme does 
not account for changes in contractility in the unaf- 
fected muscle or changes in afterload and preload, 
but it illustrates the relatively greater mechanical 
disadvantage produced by a compliant aneurysm. In 
fact, a critical depression of ventricular function 
would pertain to infarcts involving approximately 30 
percent of the left ventricle. 

Acute vs. chronic aneurysm: Another difference 
between the mechanical disadvantage produced by 
the chronic aneurysm as compared to the acute an- 
eurysm is the greater wall stress seen in the chronic 
aneurysm because of its thinner wall and greater ra- 
dius of curvature. Because of its greater end-diastolic 
stress, the chronic aneurysm is shifted to a very stiff 
portion of its exponential curve, which would also re- 
duce the degree of paradox. Because of the thicker 
wall and shorter radius of the acute muscular aneu- 
rysm, it operates on a more compliant portion of its 
exponential curve, which would allow for even great- 
er paradox and mechanical disadvantage. However, 
the reduction in systolic pressure during infarction 
would be associated with a reduced paradox. In any 
event, the conversion of an acute muscular infarction 
to a chronic fibrous scar appears to be a useful adap- 
tive process of the myocardium in reducing the me- 
chanical disadvantage produced by paradoxic expan- 
sion. 

The time course of this change in compliance is 
uncertain, but of obvious importance to ventricular 
function. Previous studies in experimental myocar- 


dial infarction in the dog showed that there was con- 
siderable stiffening of the infarcted segment 3 to 5 
days after the infarct.!! In our study, obvious para- 
doxic systolic expansion on ventriculography and 
normal or even decreased stiffness of the infarcted 
segment was noted in the two patients studied 3 and 
6 days after infarction. This finding suggests that 
time course of stiffening of the infarcted segment 
may vary greatly, depending on such factors as size 
of the infarct, stress-relaxation of the infarcted tis- 
sue,1? amount and degree of hypoxic myocardium, 
variable contracture in the hypoxic myocardium, 
edema, adequacy of collateral vessels and rate of fi- 
brous tissue formation. The importance of specific 
factors remains to be defined, although it is likely 
that individual patients may have a differing time 
course of stiffening of their infarcted segment. 

Clinical implication: This concept probably has 
relevance to the clinical course of patients with dif- 
ferent types of aneurysms. Thus, in a patient with a 
chronic fibrous aneurysm (Fig. 4), although almost 
half of the ventricle was involved, the patient was 
able to carry on his activities although he did have 
chronic congestive heart failure. However, another 
patient (Case 10), with an acute aneurysm of ap- 
proximately the same size (Fig. 5), had cardiogenic 
shock that prompted immediate cardiac catheteriza- 
tion and consideration of surgical therapy. In this 
latter patient with involvement of approximately the 
same percent of the left ventricle, visible paradox, 
which was apparent in the ventriculogram, further 
reduced the ejection fraction to shock levels. The 
percent of the left ventricle involved in acute infarc- 
tion associated with cardiogenic shock and death has 
been at least 30 percent.13 Figure 6 shows that this 
percent of involvement would reduce the ejection 
fraction to nonsurvival levels because of a loss of 
contractile tissue and superimposed paradoxical ex- 
pansion. Although the influence of sympathetic 
stimulation, digitalis, and other interventions would 
necessarily alter this simplistic scheme, the role of 
compliance appears to be important. 
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Phasic instantaneous aortocoronary bypass graft blood flow velocity 
was measured with the Doppler flowmeter catheter in 12 conscious 
postoperative patients. Graft blood flow velocity is characterized by a 
large diastolic component with a smaller systolic fraction. Values for 
systolic flow velocity were uniformly greater at the graft origins when 
compared with similar measurements at the ostia of bypassed coro- 
nary arteries. Graft blood flow velocity decreased in a few subjects 
who experienced ventricular dysrhythmias. In two patients, inhalation 
of amyl nitrite resulted in augmented graft blood flow velocity. We 
conclude that the Doppler flowmeter catheter technique is useful for 
the direct measurement of aortocoronary bypass graft blood flow ve- 
locity in a variety of normal and pathologic states in closed chest 
conscious subjects. 


Development of the aortocoronary saphenous vein bypass procedure! 
has led to an aggressive surgical approach for the treatment of occlu- 
sive coronary artery disease.? Intraoperative measurement of phasic 
graft blood flow in anesthetized open chest patients has been per- 
formed with electromagnetic flowmeters.2-9 Similarly, the effects of 
coronary arterial bypass grafts on myocardial blood flow during the 
operative period have been investigated utilizing the !3?xenon perfu- 
sion method.” Hydrogen perfusion,5:? xenon clearance, !? 5*rubidium 
coincidence counting,!! roentgen videodensitometric!? and selective 
indicator-dilution!? techniques have been used to assess coronary 
graft and myocardial blood flow in the postoperative period. These 
latter methods provide information on mean flow but do not measure 
phasic instantaneous graft blood flow or velocity. Recently, Bertra- 
nous et al.14 measured phasic aortocoronary blood flow in three pa- 
tients for up to 7 days into the postoperative period by means of ex- 
ternal electrodes connected through a thoracic counterincision to in- 
ternally placed electromagnetic flowmeters. We describe here use of 
the Doppler ultrasonic flowmeter catheter for instantaneous direct 
measurement of phasic aortocoronary graft blood flow velocity in 
conscious closed-chest human subjects. 


Material and Method 


Twelve patients with aortocoronary saphenous vein bypass grafts com- 
prised the study group. All subjects underwent aortocoronary graft proce- 
dures? because of angina pectoris considered refractory to medical treat- 
ment with coronary vasodilators, beta adrenergic blocking agents and other 
medication. The preoperative diagnosis of coronary artery disease was made 
on the basis of selective coronary arteriography. There were 12 men whose 
ages ranged from 40 to 62 years (mean 53 years). Ten patients had grafts of 
the right coronary artery, nine had grafts of the left anterior descending 
coronary artery and three had grafts of the left circumflex coronary artery, 
thus providing a total of 22 grafts for study. 

After a postoperative period ranging from 1 to 18 months, all patients un- 
derwent study by means of complete left and right heart catheterization, 
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FIGURE 1. Diagram depicting the method utilized for measure- 
ment of bypass graft blood velocity in right and left anterior de- 
scending aortocoronary bypass grafts. The catheter tip is posi- 
tioned at but not within the proximal graft origin. 


selective coronary arterial and graft cineangiography and 
indicator-dilution curves. All studies were performed with 
patients in the nonsedated postabsorptive state in the su- 
pine position. The right or left medial antecubital vein 
and brachial artery were exposed using local anesthesia 
with 1 percent lidocaine. Intracardiac pressures were mea- 
sured with saline solution-filled no. 7 or 8 catheters con- 
nected to a Statham P23D6 strain gauge. Ostia of the 
aortocoronary grafts were identified by metal clips affixed 
to the aorta near the graft origin during cardiac surgery; 
four grafts were noted to be occluded on angiographic 
study. 
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Coronary arterial and graft blood flow velocity measure- 
ments were obtained with a catheter tip adaptation15 of 
Franklin’s Doppler flowmeter.16 Details of the method 
utilized for obtaining coronary arterial blood flow velocity 
have been previously described in detail.17 Graft blood 
flow velocity was measured by radiotelemetry in a similar 
fashion and is briefly described as follows: The flowmeter 
catheter was advanced from the brachial artery to the as- 
cending aorta under fluoroscopic control and its tip posi- 
tioned at the origin but not within the lumen of the graft 
under study (Fig. 1). In four cases, blood flow velocity was 
measured within the graft lumen in addition to the origin. 
The audio-frequency signal was continuously monitored 
by means of a loudspeaker and recorded on tape. The an- 
alog record, right heart pressures and simultaneously re- 
corded electrocardiograms were recorded on a multichan- 
nel tape recorder (Sanborn model 3900) and in a light 
beam oscillographic photographic recorder (Electronics for 
Medicine, model DR-12) operated at various paper 
speeds. In a few subjects an ampule of amyl nitrite was 
administered by inhalation to investigate the effects of 
this drug on graft blood flow velocity. Stability of the 
catheter tip was monitored by fluoroscopic image intensi- 
fication during the periods of measurement, to assure 
that phasic shifts of blood velocity did not result from major 
catheter motion. 


Results 


Aortocoronary graft blood velocity during sinus 
rhythm: When the catheter tip was maneuvered 
from the midaortic lumen to the origin of a graft 
there were characteristic alterations of blood flow ve- 
locity. In the majority of cases (16 of 18 grafts), there 
was an abrupt reduction of peak systolic blood flow 
velocity and an increase of peak diastolic blood flow 





LT.ANT. DESC. GRAFT 
CumAORT.FL. VEL] FLOW VEL. 0 









SSS ER ae ne ae Se E EEE eS 
FIGURE 2 (left). Simultaneously recorded lead || of the electrocardiogram (L Il), right atrial (RA) pressure and blood flow velocity 
during positioning of the catheter tip from the ascending aortic lumen to the right coronary graft orifice of a 47 year old man with right 
and left anterior descending coronary arterial grafts. Note the abrupt alteration of the flow velocity pattern during this maneuver. When 
compared with phasic aortic blood velocity, graft peak systolic flow velocity is reduced and peak diastolic flow velocity greater. 


FIGURE 3 (right). Simultaneously recorded lead || of the electrocardiogram, right atrial (RA) pressure and blood flow velocity in a 47 
year old man with coronary artery disease and a left anterior descending aortocoronary bypass graft. A, phasic ascending aortic blood 
flow velocity record demonstrates a large systolic wave (S) with a smaller diastolic component (D). B, phasic left anterior descending graft 
blood flow velocity record shows a peak systolic level equal to that of the ascending aorta. The diastolic graft flow velocity wave is 
prominent and exceeds that in the ascending aorta by a factor of four. 
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FIGURE 4. Simultaneously recorded lead || of the electrocardiogram (L I!) and blood flow velocity from the ascending aorta (left 
panel), right coronary artery (middle panel), and right aortocoronary bypass graft (right panel) in a 61 year old man with coronary ar- 
tery disease. The large peak systolic blood flow velocity wave in the bypass graft can be contrasted with the diminutive coronary arteri- 
al blood flow velocity during an identical period of the cardiac cycle. (CT = external carotid arterial pulse tracing; RV press = right 


ventricular pressure; TA = tricuspid area phonocardiogram.) 


levels noted in the aorta. Careful withdrawal and re- 
positioning of the catheter tip at the graft origin 
under fluoroscopic control resulted in identical and 
reproducible changes. Graft blood flow velocity was 
phasic and continuous throughout the cardiac cycle, 
rarely reaching base-line zero levels. Peak systolic 
graft blood flow velocity occurred just after inscrip- 
tion of the QRS complex on a simultaneously record- 
ed electrocardiogram. Diastolic graft blood flow ve- 
locity usually peaked after the T wave of the electro- 
cardiogram and during the y descent of a simulta- 
neously recorded right atrial pressure curve (Fig. 2). 
In one subject, peak systolic blood flow velocity of 
the left anterior descending aortocoronary graft was 
equivalent to that in the ascending aorta (Fig. 3). 


Li 
20mm.Hg 0.50 sec. 
--— 
RV PRESS. 
4KHz. 





1-0 
t RT GRAFT FLOW VELOCITY 


FIGURE 5. Simultaneously recorded lead Il of the electrocar- 
diogram (L !l), right ventricular (RV) pressure and right 
aortocoronary graft blood flow velocity in a 58 year old man 
with coronary artery disease. Catheter-evoked ventricular pre- 
mature beats (VPB) produce a 40 percent reduction in peak 
graft blood flow velocity. Note the flow velocity "overshoot" as- 
sociated with the first beat (beat 5) after the postextrasystolic 
pause. 





Major differences in flow velocity patterns were 
noted when phasic records from the orifices of the 
grafts were compared with those from the ostia of 
nine coronary arteries that had been bypassed. In all 
cases the phasic systolic wave of graft blood flow ve- 
locity was greater in amplitude than that of the by- 
passed coronary artery. In general, levels of peak di- 
astolic blood flow velocity in these two vessels were 
nearly equal (Fig. 4). 

When the catheter tip was placed at the origin of 
two occluded grafts there was little or no measurable 
phasic blood flow velocity. In two grafts obstructed 
at the site of their origin, blood flow velocity wave 
forms were not different from those noted in the as- 
cending aorta. In four cases examined there were no 


VENTR. TACHYC 
RV PRESS. 


Y 
0— LEFT ANT. DESC. GRAFT FLOW VELOCITY ————— 0 


FIGURE 6. Simultaneously recorded lead |l of the electrocar- 
diogram (L II), right ventricular (RV) pressure and phasic left 
anterior descending aortocoronary graft blood flow velocity in a 
47 year old man with coronary artery disease. During a short 
paroxysm of ventricular tachycardia, peak graft blood flow ve- 
locity falls to 30 percent of control values. Note the posttachy- 
cardia graft blood flow velocity "overshoot." 
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substantial differences between blood flow velocity 
at the origin and within the lumen of the bypass 
grafts (four grafts). 

Influence of ventricular extrasystoles on graft 
blood flow velocity: In four cases, aortocoronary by- 
pass graft blood velocity was monitored during epi- 
sodes of catheter-induced right ventricular prema- 
ture depolarizations. Such premature contractions 
resulted in a 20 to 60 percent reduction of peak sys- 
tolic and diastolic graft blood flow velocity measure- 
ments. Greater diminution of graft blood flow veloci- 
ty appeared to be related to shorter extrasystolic 
coupling intervals during these dysrhythmias. Dia- 
stolic pauses after the extrasystoles resulted in a 
graft peak flow velocity “overshoot” associated with 
the postextrasystolic beat (Fig. 5). When ventricular 
premature contractions occurred in salvos (three 
cases), there was a marked reduction in aortocoro- 
nary graft peak blood flow velocity, which averaged 70 
percent of levels noted during sinus rhythm (Fig. 6). 

Effects of amyl nitrite on graft blood velocity: 
In two subjects tested, the inhalation of amyl nitrite 
produced a 40 to 50 percent increase in aortocoro- 
nary graft peak diastolic blood flow velocity. Although 
peak systolic blood flow velocity was also augmented 
by amyl nitrite, the total increase did not exceed 20 
percent of control values. Forty to 60 seconds after 
administration of this drug, graft blood flow velocity 
returned to base-line levels (Fig. 7). 


Discussion 


The aortocoronary graft blood flow velocity wave 
forms described here resemble volumetric graft blood 
flow patterns previously recorded in open chest 
human subjects by intraoperative electromagnetic 
flowmeters.?.9 The predominant diastolic blood flow 
velocity wave probably results from a decrease in 
coronary arterial resistance during the left ventricu- 
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FIGURE 7. Simultaneously record- 
ed lead |l of the electrocardiogram 
(L Il), right atrial (RA) pressure 
and phasic right aortocoronary 
graft blood flow velocity in a 49 
year old man with coronary artery 
disease. Inhalation of amyl nitrite 
results in a 40 percent increase in 
peak graft blood flow velocity. Fifty 
seconds after administration of the 
drug, peak velocity returns to con- 
trol levels. 





lar filling period. Such major diastolic flow velocity 
levels have been previously recorded at the ostia of 
intact coronary arteries in human subjects.17 

Peak systolic aortocoronary graft flow velocity 
measurements were always greater than systolic flow 
velocity measurements recorded from the ostia of 
bypassed coronary arteries. Large peak systolic volu- 
metric graft blood flow fractions have been noted in 
a few patients at the time of saphenous vein implan- 
tation.® It is possible that the flow velocity profiles in 
the ascending aorta at the site of saphenous bypass 
origin behave differently from those at the sinuses of 
Valsalva and thereby produce an augmented systolic 
flow velocity. Alternatively, since the large saphe- 
nous vein segment is not constrained by the ventric- 
ular myocardium, it may act as a blood "reservoir," 
permitting a substantial forward or reverse blood 
flow velocity at the time of ventricular contraction 
that is sensed by the Doppler catheter probe. 

Gould et al.,18 utilizing external probes emitting 
pulsed ultrasonic Doppler signals, have recorded 
wave forms apparently representing proximal 
aortocoronary graft blood flow velocity. The records 
obtained by this latter method demonstrated minor 
systolic blood flow velocity waves resembling those 
from intact coronary arteries.17 We have not ob- 
served such low amplitude systolic flow velocity sig- 
nals by direct measurement at the origin or within 
the lumen of any patent graft. The major systolic 
flow profile observed after advancement of the cathe- 
ter tip into the graft lumen suggests that detection of 
aortic luminal blood velocity per se is not the under- 
lying cause for this observation. Further study will 
be necessary to clarify reasons for the differences in 
systolic graft blood flow velocity measurements 
noted with the two techniques. In any case, it is ap- 
parent that major peak diastolic volumetric flow and 
blood velocity are characteristics of intact coronary 
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arteries, saphenous venous bypass grafts and internal 
mammary arterial implants in both human subjects 
and experimental animals.!9.20 

A reduction of peak aortocoronary graft bypass 
blood flow velocity during arrhythmias is particular- 
ly noteworthy. Diminution of blood flow velocity in 
intact coronary arteries has recently been described 
in a larger series of patients during ventricular pre- 
mature beats and tachyarrhythmias.?! Abrupt short- 
ening of diastole, diminished ventricular filling and 
reduced stroke output into the aorta are probably 
major factors influencing the reduction of graft blood 
flow velocity during ventricular premature depolar- 
izations. Our data suggest that arrhythmias may 
have untoward effects on myocardial perfusion in pa- 
tients with bypass grafts. However, the demonstra- 
tion of unidirectional blood velocity within venous 
bypass graft segments in general only indirectly 
suggests that myocardial blood flow is enhanced. 
Major bidirectional blood flow in such grafts could 
conceivably result in minimal net augmentation of 
myocardial blood flow. 

Interestingly, the inhalation of amyl nitrite fumes 
resulted in a substantial rise of aortocoronary bypass 
graft blood velocity in both subjects tested. Intact 
coronary arterial blood flow velocity in conscious 
man has been demonstrated to increase markedly 
after administration of amyl nitrite.22 Furthermore, 
amyl nitrite has been noted to augment volumetric 
flow by 26 percent!? in internal mammary arterial 
implants in experimental animals. 

Limitations and advantages of the technique: 
The Doppler flowmeter catheter utilized in our study 
measured unidirectional blood velocity and not volu- 
metric flow. Nevertheless, the velocity profiles de- 


scribed here are almost identical with volumetric 
wave forms recorded in human subjects and experi- 
mental animals at the time of bypass surgery. Cur- 
rently it is impossible to measure directly the lumi- 
nal circumference of the bypass graft at its origin 
while simultaneously measuring blood velocity. Aor- 
tographic study indicates there is little if any phasic 
constriction and dilation at the graft orifices under 
such conditions. The success rate for obtaining graft 
blood flow velocity measurements utilizing this tech- 
nique is approximately 80 percent. Despite these lat- 
ter drawbacks, the Doppler catheter tip blood veloci- 
ty flow meter is currently the only device that can 
directly characterize certain aspects of instantaneous 
phasic graft blood flow in conscious closed chest 
subjects. Such measurement may aid in the postop- 
erative evaluation of graft patency and be useful as 
an adjunct to graft angiography for assessment of 
graft function. Angiographically demonstrable graft 
patency may not necessarily indicate significant 
graft blood flow. Discrepancies between angiographic 
appearance and true flow have been reported in ex- 
perimental animals?? and human subjects?* with in- 
ternal mammary arterial myocardial implants. 

In conclusion, Doppler catheter tip flowmetry is a 
useful technique for the characterization of aortocor- 
onary saphenous vein bypass graft blood flow veloc- 
ity in man under a variety of conditions. Its major 
advantage is the ability to measure directly phasic 
graft blood flow velocity on an instantaneous basis. 
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From April 1968 to December 1972, 100 patients received emergen- 
cy aortocoronary artery saphenous vein bypass grafts at the Cleve- 
land Clinic Hospital. Thirty-seven of these 100 patients received 
grafts during acute myocardial infarction and 63 during impending 
infarction. Coronary arteriograms were obtained in all patients before 
operation. In the group with acute infarction, operations were per- 
formed within 12 hours after the onset of acute chest pain in 29 pa- 
tients and from 3 to 14 days after infarction in 8. In the group with 
impending infarction, most patients received grafts within 3 to 4 
hours after the onset of chest pain. Six of the 100 patients died in 
the postoperative period, 2 with acute and 4 with impending infarc- 
tion. Thirty patients with acute infarction and 55 with impending in- 
farction became asymptomatic. Sixteen of the 37 patients with im- 
pending infarction and 20 of the 63 patients with acute infarction 
were restudied. The graft patency rate in these patients was 92 per- 
cent. 

Coronary arteriography can be performed during acute and im- 
pending myocardial infarction with minimal risk. Aortocoronary sa- 
phenous vein bypass grafting can prevent the development of acute 
infarction when properly performed during the stage of impending in- 
farction. It may also prevent the extension of acute infarction when 
performed during the early phase of this lesion. 


Aortocoronary artery saphenous vein bypass grafts are being used 
with increasing frequency in the treatment of coronary arteriosclero- 
sis. Recently, this technique has been used for patients with impend- 
ing and acute myocardial infarction.1> The aim of emergency revas- 
cularization is to prevent myocardial damage in impending myocar- 
dial infarction and to prevent the extension of myocardial necrosis 
and its sequelae by increasing perfusion to the periinfarction isch- 
emic area in acute myocardial infarction. This report describes our 
experience at the Cleveland Clinic Hospital with aortocoronary sa- 
phenous vein grafting during impending and acute myocardial in- 
farction. 
Case Material and Methods 

Definition 

The most difficult problem in the study was the differentiation between 
impending and acute myocardial infarction. Impending myocardial infarc- 
tion was defined as (1) chest pain lasting longer than 30 minutes; (2) pain 
not relieved by coronary vasodilators; (3) abnormal electrocardiographic 
findings—S-T segment depression or T wave changes; and (4) normal or 
mild elevation of serum transaminase levels. Acute myocardial infarction 
was defined as (1) chest pain lasting longer than 30 minutes; (2) abnormal 
electrocardiographic findings—S-T segment elevation with reciprocal 


depression, abnormal Q wave or absence of R wave; and (3) elevation of 
serum transaminase levels to more than 40 units. 
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TABLE | 
Type of Operation in 100 Patients (April 1968 to December 1972) 





Patients (no.) 


Acute Impending 





Operation Mi MI 
Single graft 17 26 
Single graft + single implant* T 0 
Double grafts 14 23 
Double grafts + ventricular aneurys- 
mectomy 0 1 
Double grafts + double implants* 1 0 
Triple grafts or more 4 13 
Total 37 63 





* Myocardial infarction occurred in the operating room during 
elective procedures. 
MI = myocardial infarction. 


TABLE II 
Number of Vessels Involved 


Patients (no.) 








Vessel Acute MI Impending MI 
One 12 17 
Two 11 26 
Three 14 20 

Total 37 63 


MI — myocardial infarction. 


It was also difficult to classify serum transaminase levels. 
Results of serum transaminase determinations were not 
available for any patient at the time of surgical intervention, 
but the data were classified retrospectively according to 
preoperative and serial postoperative enzyme levels. In 
the patients with impending myocardial infarction, pre- 
operative and postoperative enzyme values were normal 
except in six patients who had an acute myocardial infarc- 
tion in the postoperative period. Most of the patients with 
acute infarction had normal serum transaminase levels at 
the onset of chest pain, although postoperative serial serum 
transaminase values were significantly higher. Serum en- 
zyme determinations were not made in three patients 
who died in the operating room or immediately after opera- 
tion. 


Clinical Experience 


From April 1968 to December 1972, 100 patients (83 
men and 17 women) ranging in age from 32 to 72 years 
(average 56 years) received emergency aortocoronary ar- 
tery saphenous vein bypass grafts. Sixty-three of these 100 
patients received grafts during impending myocardial in- 
farction and 37 received grafts during the early and late 
phases of acute myocardial infarction (Table I). Two of 
these latter 37 patients had an acute infarction in the 
operating room; 1 patient who was taken to the operating 
room after cardiac arrest and had no effective heartbeat 
was included in this group. 


Selective Coronary Arteriography 


During the study period, more than 18,300 selective cor- 
onary arteriograms and left ventriculograms were obtained 
in patients with suspected coronary arteriosclerosis. The 
decision to provide either continuing medical manage- 
ment or elective surgical revascularization was made in all 
but 100 patients who required emergency revasculariza- 
tion because of impending or acute myocardial infarction. 
These patients, the subjects of our study, represented less 
than 0.4 percent of more than 4,400 patients who under- 
went elective revascularization procedures with bypass 
graft techniques during this period. 

Impending myocardial infarction: Of the 63 patients 
operated upon for impending myocardial infarction, 9 
were studied for longer than 1 month before operation. 
They had been scheduled for elective myocardial revascu- 
larization, but subsequently had crescendo angina pectoris 
or signs of impending infarction requiring emergency 
readmission and operation. The remaining 54 patients 
were studied during a period of crescendo or unstable an- 
gina. While in the hospital awaiting surgery, they had 
signs of impending infarction requiring emergency revas- 
cularization procedures. In all 63 patients in this group, 
revascularization was accomplished before definite mani- 
festations of acute infarction were established. 

Early phase of acute myocardial infarction: Thirty- 
seven patients received aortocoronary artery bypass grafts 
after signs of acute myocardial infarction had evolved. 
'These patients were classified into two groups according 
to the time of operation after the onset of chest pain. 

Twenty-nine patients received grafts in the early phase 
of infarction, all within 12 hours after the onset of persis- 
tent pain. Of these 29 patients, 3 underwent coronary ar- 
teriographic and left ventriculographic studies within 3 
hours after the onset of acute infarction. In six patients 
who were studied during crescendo angina, signs of acute 
infarction developed during these studies. In the remain- 
ing 20 patients, acute infarction developed 3 hours to 7 
days after completion of these studies. These patients 
were waiting in the hospital for revascularization proce- 
dures after demonstration of critical obstructions in major 
branches of the coronary arterial tree. When signs of acute 
infarction occurred, they were given emergency surgical 
treatment. 

Late phase of acute myocardial infarction: Eight pa- 
tients were in the late phase of acute myocardial infarc- 
tion. In six of these patients, coronary arteriography was 
performed 3 to 14 days after infarction because of recur- 
ring attacks of postinfarction angina; in two, coronary ar- 
teriography was performed 1 and 3 1/2 months, respec- 
tively, before acute infarction. All eight patients were op- 
erated upon because of postinfarction angina. 

The number of coronary arteries involved in the entire 
group of 100 patients is shown in Table II. Of the 37 pa- 
tients with acute infarction, 28 had impaired left ventric- 
ular function preoperatively; of the 63 with impending in- 
farction, 32 had abnormal or impaired left ventricular 
function preoperatively. 


Electrocardiograms 


Electrocardiograms were obtained in all patients preop- 
eratively. Twenty-three of the 63 patients with impending 
infarction had electrocardiographic evidence of remote in- 
farction; in 57 patients in this group electrocardiograms . 
obtained during chest pain showed evidence of regional 
ischemia corresponding with severe obstruction of the cor- ` 
onary arteries. Six patients had subendocardial ischemia; 
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five of these six patients had triple vessel disease, and the 
sixth had a lesion of the left main trunk. 

Of the 37 patients with acute infarction, 18 had evi- 
dence of previous myocardial infarction and 34 had elec- 
trocardiographic evidence of acute infarction correspond- 
ing with the coronary arterial lesions. For example, ante- 
rior wall infarction was found in the patients with critical 
obstruction of the left anterior descending coronary artery; 
inferior infarction was found in the patients with critical 
obstruction of the dominant right coronary artery. Two 
patients had acute nontransmural infarction, and both 
had critical obstruction of the left anterior descending 
coronary artery. The electrocardiogram of one patient who 
had cardiac arrest before operation was incomplete. 


Time Interval 


In most patients with impending myocardial infarction, 
operation was performed within 3 to 4 hours after the 
onset of pain. Of the patients with acute infarction, 21 re- 
ceived grafts within 4 hours; two patients underwent 
emergency bypass grafting after acute myocardial infarc- 
tion developed during elective myocardial revascularizat- 
ion. Eight patients in the late phase of acute myocardial 
infarction were operated upon 3 to 14 days after infarc- 
tion. 


Technique and Operative Findings 


Common findings at operation were impaired contrac- 
tion and cyanosis of the myocardium. Venous-like blood 
and minimal flow levels were observed in most cases. Five 
patients had fresh thrombi at the site of the arteriotomy, 
and three of these patients were in the group with acute 
myocardial infarction. 

The operative technique used in emergency revascular- 
ization procedures is the same as that used in elective 
procedures; however, special care should be taken to avoid 
anoxic arrest. In multiple graft procedures, grafting to the 
ischemic or infarcted areas should be completed first. 
Time is important in these emergency procedures, and the 
operation should be performed as soon as possible after 
the diagnosis is made. One patient who experienced cardi- 
ogenic shock was treated with vasopressors, and emergen- 
cy bypass grafting was completed about 3 hours after the 
onset of infarction. The heart-lung bypass was discontin- 
ued without difficulty, and the patient required no vaso- 
pressors in the postoperative period. 


Results 
Mortality 


Six patients died within the first 4 days of opera- 
tion (Table III). One patient died 7 months after op- 
eration from a noncardiac cause, and autopsy re- 
vealed patency of both grafts. Only one death oc- 
curred in the 60 patients most recently operated 
upon. The overall hospital mortality rate was 6 per- 
cent, 5.4 percent for patients with acute infarction 
and 6.4 percent for those with impending infarction. 
The hemorrhagic infarctions described by Jatene® 
were not observed at autopsy in the six patients who 
died. 


Postoperative Complications 


The postoperative complications are shown in 
Table IV. None of the surviving patients had ven- 
tricular fibrillation or left heart failure. Atrial fibril- 


TABLE III 


Causes of Death 

















Time of 
Death 
Vessels Grafted Cause of Death After Surgery 
A. Group with Acute Infarction 
RCA Ventricular fibrillation O.R. 
RCA, LAD, circumflex Malfunction of 3 days 
tracheostomy tube 
B. Group with Impending Infarction 
RCA, LAD Cardiac arrest 2 hours 
LAD, circumflex Ventricular fibrillation O.R. 
LAD Cerebrovascular 2 days 
accident 
RCA Ventricular 4 days 
fibrillation 


(occluded graft) 





LAD — left anterior descending coronary artery; O.R. — 
operating room; RCA = right coronary artery. 


TABLE IV 
Postoperative Complications 





Patients (no.) 
Acute Impend- 
MI X ing MI 
SISA SRE peo EPINPUL CES NUS PR 8 ae eS 
Atrial fibrillation 3 8 
Pneumonia 2 2 
Postoperative bleeding 1 2 
Cerebrovascular accident i Lt 
Stress ulcer 0 LZ 
Postcardiotomy syndrome 1 0 
Thrombophlebitis of distal saphenous vein 1 0 
Pulmonary embolus 1 0 
Hepatitis 3 0 


ee EERE 


* Recovered. 
t Died. 
MI — myocardial infarction. 


lation, the most common postoperative arrhythmia, 
occurred in 11 patients. All 11 were treated with dig- 
italis, and only 1 patient required direct-current 
electrical cardioversion. 


Postoperative Myocardial Infarction 


Of the 63 patients in the group with impending in- 
farction, 6 had electrocardiographic evidence of 
acute myocardial infarction and elevated serum 
transaminase levels postoperatively. However, they 
did well clinically in the postoperative period. This 
myocardial infarction probably represented a pro- 
gressive event that began before operation but was 
not detected clinically. In two of these six patients, 
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TABLE V 


Postoperative Catheterization Data 


Patency of Grafts 





Type of Graft no. 96 





A. Group with Acute Myocardial Infarction 


16 primary 16 100 


8 secondary 6 75 


Total 22 92 


B. Group with Impending Infarction 


20 primary 19 95 
19 secondary 17 89.5 
Total 36 92.3 
TABLE VI 


Postoperative Ventriculographic Data 





Patients (no.) 

Status of Left Ventricle Acute MI Impending MI 
Improved 3 6 
Unchanged 8 12 
Impaired 5 2 

Total 16 20 


MI — myocardial infarction. 


arteriograms and ventriculograms were repeated 1 
year after operation. Both had patent grafts and no 
evidence of extensive muscle damage on ventriculo- 
grams (Fig. 1). In both patients, extensive myocar- 
dial damage was probably prevented by the bypass 
grafts. Fifty-three patients had normal electrocardio- 
grams and enzyme levels in the postoperative period. 
In 4 of the 37 patients with acute infarction, the 
electrocardiographic changes of infarction regressed 
postoperatively. All four received grafts within 2 
hours after the onset of chest pain. Thirty-two pa- 





tients in this group had persistent electrocardio- 
graphic evidence of myocardial infarction and elevat- 
ed serum enzyme levels in the postoperative period. 
All enzyme values gradually decreased to normal 3 
to 4 days after operation. 


Follow-Up Data 


Group with acute infarction: Ninety-four pa- 
tients were followed up for 1 month to 2 1/2 years. In 
the group with acute infarction, 34 patients were fol- 
lowed up, and 30 became asymptomatic. The re- 
maining four patients had mild angina (functional 
class Il, New York Heart Association), but their 
functional state was much improved over their pre- 
operative state. In two of these four patients the 
grafts were functioning well, but the left ventriculo- 
grams manifested greater impairment of the left 
ventricle than before operation. Sixteen of 34 sur- 
viving patients were restudied 1 month to 2 years 
after surgery. All primary grafts or grafts to the in- 
farcted areas were patent. The overall patency rate 
was 92 percent (Table VA). The preoperative and 
postoperative left ventriculograms were compared 
and the results are shown in Table VI. Fourteen of 16 
patients who had successful operations became 
asymptomatic. 

Group with impending infarction: Fifty-nine pa- 
tients in the group with impending myocardial in- 
farction were followed up. Fifty-five became asymp- 
tomatic after surgery and four continued to have an- 
gina (functional class II). Coronary arteriograms 
were repeated in 20 patients with 39 grafts 6 weeks 
to 1 year postoperatively. Nineteen of 20 primary 
grafts (grafts to the ischemic area) were patent (pa- 
tency rate 95 percent), as were 17 of 19 secondary 
grafts (grafts to other areas) (patency rate 89.5 per- 
cent). The overall patency rate in this group was 
92.3 percent (Table VB). 


Discussion 
Preinfarction Angina 


The natural history of the patient with preinfarc- 
tion angina is unpredictable; 22 to 40 percent of 
these patients will experience acute myocardial in- 


FIGURE 1. Left ventriculograms. A, preopera- 
tive, from a 54 year old man with subtotal ob- 
struction of the lefi anterior descending coro- 
nary artery. A bypass graft to the anterior de- 
sending artery was performed on December 19, 
1971, during impending myocardial infarction. 
He sustained an acute anteroseptal infarction 
postoperatively. One year after operation, a 
repeat coronary arteriogram showed a patent 
bypass graft and the left ventriculogram (B) 
showed only mild impairment of the left ven- 
tricle. 
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FIGURE 2. Coronary arteriogram and left ven- 
triculogram obtained from a 55 year old man on 


























October 11, 1971 demonstrated (A) 95 percent 





narrowing of the left anterior descending artery 





and 80 percent narrowing of the right coronary 
artery (arrows) and (B) a normal left ventricle. 



































Two days later, bypass grafts to the left anterior 



































descending and right coronary arteries were per- 




















formed 3 hours after the onset of chest pain. 
The postoperative course was uneventful. On 

















January 2, 1973, repeat studies showed (C) 




















patent grafts (arrows) and (D) a normal left 


























ventricle. E, preoperative electrocardiogram. 


farction within 3 months, as reported by Wood 7 and 
Vakil.5 Viability of the myocardium at this stage is 
endangered by lack of blood supply. Decrease in this 
blood supply can alter the electrocardiographic find- 
ings and decrease the myocardial contractions in pa- 
tients with impending myocardial infarction, as 
demonstrated by Green.? If restoration of the coro- 


FIGURE 3. Chest roentgenograms of a 64 year 
old woman with triple vessel disease. A, pre- 
operative film taken 1 hour after the onset of 
chest pain showed pulmonary edema. B, film 
taken 12 hours after operation was normal in 
appearance. 









































nary circulation to the ischemic myocardium by the 
saphenous vein bypass graft is successful, acute myo- 
cardial infarction and its sequelae will be averted 
(Fig. 2). In some patients with multiple vessel dis- 
ease, left ventricular contractility becomes severely 
impaired, which may lead to pulmonary edema (Fig. 
3); however, if bypass grafting is performed before 
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muscle necrosis occurs, much of the ischemic myo- 
cardium will return to normal (Fig. 4). In the 63 pa- 
tients who received grafts during impending myocar- 
dial infarction, the mortality rate was 6.3 percent; 92 
percent of these patients benefited from surgery, 
which provided symptomatic relief and possibly pre- 
vented acute infarction. From this experience, we 
believe that patients with impending myocardial in- 
farction or unstable angina should undergo emergen- 
cy coronary arteriography and an emergency bypass 
grafting procedure if the lesion is correctable. 


Acute Myocardial Infarction 


Cardiac muscle cell death after coronary occlusion 
is an expanding process; the periinfarction ischemic 
myocardium will become necrotic with the passage 
of time.1° The critical time is variable and unpre- 
dictable in each patient. Survival of the periinfarc- 
tion ischemic myocardium depends on the balance 
between the blood supply and its oxygen require- 
ment. If the blood supply from collateral circulation 
is adequate, there may be little or no muscle necro- 
sis. 

Retrospective studies!1-13 have shown that 29 to 
68 percent of patients with acute myocardial infarc- 
tion have prodromal symptoms. These findings 
suggest that there may be time for cardiologists to 
evaluate the condition of patients who seek help for 
such symptoms. We believe that acute myocardial 
infarction could have been prevented in some of the 
reported cases if the operation had been performed 
during the prodromal stage. 

A saphenous vein graft can provide immediate 
blood supply to the myocardium; and, when grafting 
is performed in the early stage of acute myocardial 
infarction, most of the myocardium will be salvaged 
(Fig. 5). However, the muscle that is already necrot- 
ic cannot be salvaged (Fig. 6). The role of revascu- 


FIGURE 4. Coronary arteriogram and left ventriculo- 
gram obtained from a 49 year old man on August 11, 
1972 during acute chest pain. A, left coronary arte- 
ries showed multiple lesions and total occlusion of the 
anterior descending artery plus (B) a severely im- 
paired left ventricle. Left ventricular end-diastolic pres- 
sure was 20 mm Hg. Bypass grafts to two branches of 
the left circumflex artery and left anterior descending 
coronary artery were performed 3 hours after coronary 
arteriography was completed. The postoperative 
course was uneventful. Repeat studies performed in 
September revealed (C) patent grafts and (D) a nor- 
mal left ventricle. Left ventricular end-diastolic pres- 
sure was 16 mm Hg. 


larization during acute myocardial infarction is to 
minimize the area of muscle necrosis by increasing 
perfusion to the periinfarction ischemic area. This 
may prevent the development of cardiogenic shock 
and other complications of myocardial infarction. In 
our series, 30 of 34 surviving patients (88 percent), 
became asymptomatic. Four patients still have mild 
angina. From this experience, we believe that most 
of the myocardium will be preserved if the operation 
is performed within 6 hours of acute myocardial in- 
farction. The operation can be performed with low 
mortality in selected cases. 

Selection of candidates for emergency surgery: 
The ideal candidates for emergency revascularization 
during acute myocardial infarction are those patients 
who have previously undergone coronary arteriogra- 
phy and whose infarction develops during the proce- 
dure or while they are waiting for surgery. Patients 
who sustain acute myocardial infarction in the hos- 
pital or who are admitted to the hospital within 1 or 
2 hours after the onset of acute infarction are also 
candidates for emergency revascularization, if both 
coronary arteriography and revascularization can be 
accomplished within 6 hours after the onset of chest 
pain. 

The patient with uncomplicated acute myocardial 
infarction is not a candidate for emergency surgery if 
the diagnosis is made more than 6 hours after the 
onset of chest pain because the myocardial necrosis 
is already well established. However, if complica- 
tions such as uncontrollable arrhythmias or postin- 
farction angina develop, bypass grafting may be use- 
ful. 

Selection of patients for emergency revasculariza- 
tion procedures relies upon coronary arteriography 
for definition of the anatomic pathologic features of 
the coronary arteries. T'he decision to operate is solely 
based on the arteriographic findings and the time of 
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FIGURE 5. Coronary arteriogram and left ven- 
triculogram obtained from a 46 year old man on 
July 27, 1970 demonstrated (A) 80 percent 
narrowing of the proximal portion of the domi- 
nant right coronary artery (arrow) and (B) a 
normal left ventricle. The patient experienced 
chest pain after the ventriculogram was ob- 
tained. A bypass graft to the right coronary ar- 
tery was completed 2 hours after the onset of 
chest pain. Repeat studies on September 14, 
1972 showed (C) a patent graft (arrow) and 
(D) a normal left ventricle. The preoperative 
electrocardiogram showed acute inferior wall 
infarction. This patient is asymptomatic and had 
a normal stress test in March 1972. 


FIGURE 6. Coronary arteriogram and left ven- 
triculogram of a 62 year old woman obtained on 
April 12, 1972 revealed (A) 95 percent narrow- 
ing of the dominant right coronary artery (ar- 
row) and (B) a normal left ventricle. A bypass 
graft was completed about 5 hours after the 
onset of acute infarction. Repeat studies per- 
formed on June 12, 1972 demonstrated (C) a 
patent graft (arrow) and (D) slight impairment 
of the diaphragmatic wall of the left ventricle 
(arrow). 


acute infarction. If the obstruction occurs in the dis- 
tal segment of a coronary artery or its small branch- 
es, the patient should be treated medically. Con- 
versely, major proximal obstructions of coronary ar- 
teries diagnosed within a few hours after the onset of 
acute infarction call for emergency operation to sal- 
vage most of the myocardium. This is particularly 
important in patients with multiple vessel disease. 
Severe impairment of left ventricular function is not 
a contraindication to surgery when left ventriculog- 








raphy is performed during acute chest pain associ- 
ated with infarction or immediately after the onset of 
infarction. 

Treatment of patients during cardiogenic shock is 
most difficult. The mortality rate in all forms of 
treatment is still high, ranging from 80 to 100 per- 
cent.1418 We believe that the aggressive approach by 
saphenous vein grafting in the early stage of acute 
myocardial infarction may prevent the extension of 
infarction and the development of cardiogenic shock 
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and may be a lifesaving procedure in patients with 
multiple vessel disease. 


Conclusions 


In 100 patients who received emergency aortocoro- 
nary bypass grafts during impending and acute myo- 
cardial infarction, the overall hospital mortality rate 
was 6 percent. More than 85 percent of these pa- 
tients benefited from surgery. From this experience, 
we draw the following conclusions: (1) Emergency 
coronary arteriography can be performed with mini- 
mal risk during impending and acute myocardial in- 
farction. (2) Emergency coronary arteriography 
should be performed in institutions in which myocar- 
dial revascularization can be performed because of 
the patient's potential need for emergency surgery. 
(3) Proper selection of patients for surgery depends 


on carefully interpreted arteriograms of good quality. 
(4) Emergency myocardial revascularization, mainly 
saphenous vein bypass grafting, can be performed in 
selected cases with a low mortality rate during both 
impending and acute myocardial infarction. (5) 
Acute myocardial infarction can be prevented in 
some patients if the operation is performed during 
the phase of impending infarction. (6) Once acute 
myocardial infarction has occurred, the operation 
should be performed as soon as possible. Most of the 
myocardium will be preserved if the operation is car- 
ried out within 6 hours of the acute episode. 

Many of our patients with acute infarction bene- 
fited from surgery, but we believe that the patient 
with coronary arteriosclerosis should be treated be- 
fore myocardial infarction develops or at least during 
the stage of impending infarction. 
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Aortocoronary bypass, with or without myocardial resection, was 
used to treat eight patients with refractory life-threatening ventricular 
tachycardia. All patients had documented evidence of coronary ar- 
tery disease without recent myocardial infarction and were totally 
disabled by recurrent ventricular tachycardia while receiving aggres- 
sive medical treatment. Angiographic studies showed abnormalities 
of left ventricular contractions in all patients, including aneurysms in 
four, localized hypokinetic areas in two and diffusely poor contractili- 
ty in two. Operative treatment consisted of resection of the aneu- 
rysm or localized hypokinetic area in six patients and aortocoronary 
bypass grafting to at least one major coronary artery in all eight pa- 
tients. Seven patients are alive an average of 17 months after opera- 
tion and all are free of major ventricular arrhythmias. We conclude 
that surgical treatment should be considered in patients with coro- 
nary artery disease who have life-threatening ventricular arrhythmias 
that cannot be prevented or controlled with drug therapy. 


Ventricular tachycardia in patients with coronary artery disease has 
an ominous prognosis, and effective control by medical means may 
be difficult.1:2 Conventional methods of treatment include adminis- 
tration of antiarrhythmic agents, either alone or in combination with 
overdrive atrial pacing and direct-current countershock.? Such inter- 
ventions are directed toward the suppression of these arrhythmias 
rather than the underlying ischemic process with its associated areas 
of dyskinetic, focally scarred or aneurysmal myocardium. The devel- 
opment of operative procedures that permit direct myocardial revas- 
cularization as well as the resection of abnormal myocardium has 
provided an alternative approach to the treatment of these arrhyth- 
mias and possibly their underlying cause. This report presents our 
experience with surgical treatment in a group of patients with refrac- 
tory ventricular tachycardia, and stresses the types of patients who 
may be considered for this aggressive approach. 


Material and Methods 
Patient Population 


Eight patients underwent operative treatment for recurrent ventricular 
arrhythmias at Stanford University Medical Center between December 1970 
and January 1973. The average age of the group was 52 years (range 47 to 79 
years) (Table I). There were seven men in the group. Recurrent syncope 
was the most common clinical presentation and occurred in six patients. 
Five patients also had New York Heart Association class II symptoms of 
congestive heart failure, and three had mild angina pectoris. Seven had a 
history of documented previous myocardial infarction between 1 month and 
25 years before presentation. No patient had evidence of recent myocardial 
infarction. Although all patients were receiving intensive medical therapy, 
all continued to have recurrent ventricular tachycardia considered to be 
life-threatening. Serial electrocardiograms showed evidence of previous 
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TABLE | 
Patient Data 


AL. 





Clinical Profile Angiographic Data 
Time S-T Seg- Major 
from ment Coronary Mitral 
Case Age (yr) Previous ECG Site of Eleva- Documented Arterial LV Angiographic Insuffi- 
no. & Sex Symptoms Infarction Infarction tion Arrhythmia Narrowing Data ciency 
1 50M Syncope, 11 yr. Inf. VT RCA, LAD, Hypokinetic +2 
angina, LCA inf. wall 
CHF 
2 49M Syncope 10 mo. Inf. VT RCA Inf. wall +1 
aneurysm 
3 79M Syncope, 25 yr. Inf., ant. VT LAD, LCA, Diffuse 
CHF, RCA hypokinesis 
angina s 
4 47F Angina, 8 mo. Ant. Y2-V4 VT LAD Apical & ant. wall 
CHF aneurysm 
5 51M Syncope, 7yr. Ant. Vz-V4 VT, VF LAD, RCA Apical, ant. walls 
CHF akinetic 
6 57M CHF Subendo- VT LAD, LCA, Diffuse +1 
cardial? RCA hypokinesis 
7 47M Syncope 2 mo. Ant. V-V; VT, VF LAD, RCA Apical aneurysm 
8 50M Syncope 1 mo. Ant. Vi-V, VT LAD, RCA Apical aneurysm 


Ant. — anterior; CHF — congestive heart failure; Inf. — inferior; LAD — leftanterior descending coronary artery; LCA — left circumflex 


transmural myocardial infarction in seven of the patients. 
Four had had an anterior wall infarction, and the anterior 
precordial leads showed persistent S- T segment elevation 
suggestive of ventricular aneurysm. In the other three pa- 
tients, the electrocardiograms showed inferior or lateral 
wall infarction without associated S-T changes suggestive 
of an aneurysm. One patient did not have evidence of a 
transmural infarction but had S-T and T wave changes 
suggesting myocardial ischemia or subendocardial infarc- 
tion, or both. Each patient had a variety of ventricular 
ectopic beats; in six the beats were multifocal and in two 
unifocal. In addition, as many as 100 episodes of ventricu- 
lar tachycardia were documented in each patient, and two 
patients also had ventricular fibrillation. 


Medical Treatment 


Each patient underwent intensive medical treatment 
before operative intervention was considered. The five pa- 
tients with mild congestive heart failure had been receiv- 
ing maintenance doses of digoxin with serum levels docu- 
mented within the therapeutic range (1.2 to 1.8 ug/liter). 
Serum electrolytes and the acid-base balance were main- 
tained within normal limits. Various combinations of an- 
tiarrhythmic agents were used in each patient (Table II). 
These included procainamide, quinidine, diphenylhydan- 
toin, bretylium tosylate and propranolol. Each patient 
was treated with combinations of at least four of these 
agents. Lidocaine was given both by bolus injection and by 
constant infusion in doses of 3 to 6 mg/min in each patient 
for more than 24 hours. Overdrive suppression with atrial 
pacing was attempted in five patients but was only tem- 
porarily effective in two. All the patients had also received 
direct-current countershock on multiple occasions as 
emergency treatment for their arrhythmias. In spite of 
these measures, each patient continued to be incapacitat- 


910 


ed by recurrent ventricular tachycardia while receiving 
maximally tolerated medical treatment. 


Angiographic and Hemodynamic Data 


Coronary arteriography was subsequently performed 
with use of the Judkins technique and revealed coronary 
arterial narrowing of greater than 70 percent in at least 
one major coronary artery in all patients. Three patients 
had significant triple vessel disease, three had disease in- 
volving the left anterior descending and right coronary ar- 
teries and two had single vessel disease. 


TABLE Il 
Medical Treatment for Patients with Ventricular Tachycardia 











Preoperative Postoperative 
Maximal 
Patients Dose/Day Patients Maximal 
(no.) (mg) (no.) Dose/Day 
Drug treatment 
Procainamide 7 3000 5 2000 
Quinidine 6 2000 2 1200 
Diphenylhydantoin 8 400 
Bretylium tosylate 4 1200 
Propranolol 6 720 
Lidocaine 8 3-6 mg/min 
Overdrive atrial 5 ie 
pacing 
Direct-current 8 
countershock 
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Hemodynamic Data 





Cardiac 








Apure indek Operative Procedure Results A 
Case (S/D/ED) (liters/min Myocardial Bypass Survival 
no. (mm Hg) per m?) Resection Grafts (mo) Symptoms 
RSE Tae er aco UU EE VORNE EG A RUE ORT NEVER iE MT rne bie Cano FP ee cer LT lii cu 
1 130/0/25 Inf. wall scar RCA 31 
2 140/0/15 Inf. wall aneurysm RCA 27 
(calcium) 
3 130/0/17 RCA, LAD Died, 1 day 
4 130/6/10 3.8 Apical aneurysm RCA 19 Mild angina 
5 130/6/28 2:3 Apical & ant. LAD 15 
aneurysm 
(calcium) 
6 140/0/25 1.6 LAD, LCA, RCA 13 
7 125/0/23 i Apical aneurysm LAD 10 
8 90/0/20 2.9 Apical aneurysm LAD, RCA 7 


S PAR sua CERT a oS LUSSO DC MU Erde e S ER E E Er c cd 


artery; LV — left ventricular; RCA — right coronary artery; S/D/ED — systolic/diastolic/end-diastolic; VF — ventricular fibrillation; VT — : 


ventricular tachycardia. 


Single plane left ventricular cineangiography was per- 
formed in the right anterior oblique projection, using an 
injection of 50 cc of 70 percent Renografin®, under pres- 
sure of 250 lb/sq. in. Three of the four patients with pre- 
vious anterior wall infarction had a discrete apical or an- 
terior wall aneurysm; the other had an akinetic area in 
the anterior wall without paradoxical movement. Two pa- 
tients had contraction abnormalities involving the inferior 
wall of the left ventricular chamber and associated with 
various degrees of mitral insufficiency. One of these had 
an akinetic inferior wall, and the other had a localized in- 
ferior wall aneurysm. Two patients had diffusely poor con- 
tractility of the entire left ventricle without any localized 
hypokinetic areas. 

Hemodynamic studies were performed at the time of 
angiography before injection of contrast medium. Abnor- 
malities in left ventricular function were present in six of 
the patients with elevations of end-diastolic pressure lev- 
els as high as 28 mm Hg. The resting cardiac output was 
also reduced in two of the four patients in whom it was 
measured (Table I). 


Operative Technique 


At the time of operation, each patient was placed under 
cardiopulmonary bypass, using standard techniques and 
central cannulation. Examination of the heart confirmed 
the presence of severe coronary atherosclerosis in seven 
patients and fibromuscular hyperplasia in the eighth. Lo- 
calized aneurysms were composed of fibrous connective 
tissue, and two also contained various amounts of calci- 
um. The localized hypokinetic area in two patients was a 
patchy fibrotic scar involving the full thickness of the heart 
wall, surrounded by myocardial tissue that was grossly 
normal in appearance. In each of these patients the aneu- 
rysm or hypokinetic area was resected. The free edges of 
the myocardium were then apposed with mattress sutures 


supported by Teflon® felt bolsters. Coronary artery bypass 
grafts utilizing autologous reversed saphenous veins were 
also inserted in each patient. The two patients showing 
only diffusely poor left ventricular contractility with no 
localized resectable areas underwent only bypass grafting. 
Triple grafts were used in two patients, double grafts in 
another two and a single graft to the right coronary artery 
in the other four. 


Results 


One patient died within 24 hours after operation. 
He was a 79 year old man with diffusely poor left 
ventricular contractility, in whom only coronary ar- 
tery bypass grafting had been performed. The other 
seven patients are currently alive 7 to 31 months 
after operation. Postoperative assessment in these 
patients included clinical evaluation, resting electro- 
cardiograms and ambulatory Holter electrocardio- 
graphic monitoring. These studies showed that four 
patients are free from documented ventricular ar- 
rhythmias and the other three have only occasional 
unifocal ventricular premature contractions. Five pa- 
tients are currently receiving antiarrhythmic medi- 
cation as a prophylactic measure (Table II). All pa- 
tients are free of clinically evident congestive heart 
failure, and only one continues to have mild exer- 
tional angina pectoris. 


Discussion 
The application of the different forms of operative 
treatment for the various complications of coronary 
heart disease is expanding rapidly. Currently the 
most frequent indications for operation in a patient 
with postinfarction ventricular aneurysm are intrac- 
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table congestive heart failure or systemic emboli. 
The association between refractory ventricular 
tachycardia and ventricular aneurysm was first 
noted by Wasserman and Yules* in 1953. The first 
successful surgical resection of a ventricular aneu- 
rysm as treatment for recurrent ventricular tachy- 
cardia’ was reported by Cough? in 1959. Since then, 
similar case reports have appeared, describing aneu- 
rysmectomy alone as successful treatment for refrac- 
tory ventricular tachycardia.9? In each of these 
cases, operation was performed in patients with well 
defined aneurysms occurring as a complication of 
ischemic heart disease, and aneurysmectomy was not 
combined with direct myocardial revascularization. 

The introduction of procedures allowing direct 
myocardial revascularization has further extended 
the applicability of surgical interventions for the 
complications of ischemic heart disease. The tech- 
nique of direct aortocoronary bypass grafting has 
been shown to provide significantly increased blood 
flow to localized ischemic areas. Ecker et al.1° re- 
ported the successful use of aortocoronary bypass 
grafting along with plication of a right ventricular 
aneurysm in a patient with refractory ventricular 
tachycardia. The successful use of bypass grafting 
alone without myocardial resection in a patient with 
ventricular tachycardia was recently reported by Na- 
khjavan et al.11 

Pathogenesis: The pathogenesis of recurrent ven- 
tricular arrhythmias in patients with coronary artery 
disease is still unclear. A mechanism of reentry cir- 
cuits located around areas of focal scar tissue or ven- 
tricular aneurysms has been postulated. Studies in 
isolated muscle segments made ischemic support this 
hypothesis, but as yet no documentation for this 
reentry mechanism exists in man. Increased ventric- 
ular diameter as a result of aneurysmal formation or 
ischemic left ventricular dysfunction is known to in- 
crease oxygen consumption and may further aggra- 
vate focal areas of ischemia peripheral to the infarct- 
ed area in certain patients. In both these situations 
the removal of an aneurysm or focal scar may re- 
move the underlying cause of the arrhythmia. In ad- 


dition, the use of coronary artery bypass grafting 
alone to appropriate vessels may be useful in certain 
patients with reversible ischemic left ventricular dys- 
function. 

Recommended medical and surgical treatment: 
All patients in this series had evidence of significant 
coronary artery disease and, with the recurrent ven- 
tricular arrhythmias, were thought to be in a high 
risk group for sudden death.* All of the patients had 
failed to respond to conventional treatment with 
large doses of antiarrhythmic agents. Frequently, 
three or more drugs had been tried in combination, 
utilizing the recommended kinetic program for ad- 
ministration (Table II). Ideally, one should demon- 
strate that adequate blood levels of the antiarrhyth- 
mic agent had been achieved at the time a therapeu- 
tic failure was declared. In several cases, this prac- 
tice was followed for administration of lidocaine and 
quinidine, with blood levels of 10 ug/ml and 8 mg/ 
liter, respectively, being the upper limits toler- 
ated. 

Angiographic studies showed severe left ventricu- 
lar dysfunction in each patient. As a result, at opera- 
tion it was considered appropriate to combine neces- 
sary myocardial resection of localized aneurysm or 
focal scar with direct aortocoronary bypass grafts to 
major diseased vessels. Of particular interest are two 
patients who underwent only bypass grafting be- 
cause of the absence of localized resectable areas of 
myocardium. The survival of one of these patients 
supports the concept that reversible ischemic left 
ventricular dysfunction with associated refractory 
ventricular tachycardia can be successfully treated 
by myocardial revascularization alone, although ad- 
ditional factors may be operative. 

At present, it is our policy to combine direct 
aortocoronary bypass procedures with appropriate 
myocardial resection in patients with refractory ven- 
tricular tachycardia. Myocardial resection should al- 
ways be considered in patients with localized ven- 
tricular aneurysms or focal hypokinetic areas. How- 
ever, myocardial revascularization alone may be 
therapeutic in selected cases. 
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The clinical course, serial electrocardiograms and His bundle elec- 
trograms were reviewed in 15 cases of incomplete bilateral bundle 
branch block complicating acute myocardial infarction. Fourteen pa- 
tients had evidence of acute anterior wall myocardial infarction, one 
had additional evidence of acute inferior wall myocardial infarction 
and one had acute inferior wall myocardial infarction alone. Incom- 
plete bilateral bundle branch block was manifested as right bundle 
branch block with left anterior hemiblock in 10 patients and as right 
bundle branch block with left posterior hemiblock in 4. One patient 
had right bundle branch block with periods of left anterior and left 
posterior hemiblock. Nine patients died between 9 hours and 6 
weeks after admission; the six surviving patients have been followed 
up for 3 weeks to 6 months. 

In all patients a His bundle electrogram was obtained at the time 
of pacemaker insertion. Of the patients with an abnormal H-Q inter- 
val (55 msec or greater), eight died and three survived. Of those 
with a normal H-Q interval only one died and three survived. Exami- 
nation of serial electrocardiograms showed that the right bundle 
branch block disappeared in four patients, of whom one died and 
three survived. Of the remaining patients with persistent right bundle 
branch block, eight died and three survived. All five patients with left 
posterior hemiblock had an abnormal H-Q interval, and four of these 
patients died. 

We conclude that in this group of patients, the prognosis is poor 
for those with an abnormal H-Q interval and persistent right bundle 
branch block and better for those with a normal H-Q interval and 
transient right bundle branch block. 


Increased mortality in acute myocardial infarction has been associ- 
ated with the complication of bundle branch block.!:? This is due 
both to the increased amount of myocardial damage? and the in- 
creased risk of complete heart block and asystole* caused by this 
complication. 

Various forms of incomplete bilateral bundle branch block have 
been recognized as frequent precursors of complete heart block.*:9 
Although some reservation exists,!.9 many investigators recommend 
immediate insertion of a temporary prophylactic pacemaker when 
incomplete bilateral bundle branch block complicates acute myocar- 
dial infarction.?.4.5.7-19 Even with this aggressive therapy, the mor- 
tality rate remains distressingly high.” 

During a 2-year period we observed 15 patients with incomplete 
bilateral bundle branch block complicating acute myocardial infarc- 
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TABLE | 


Summary of Course of Patients with Incomplete Bilateral Bundle Branch Block Complicating Acute Myocardial Infarction 


HBE (msec) 





Case Age (yr) Follow-Up 
no. & Sex ECG on Admission Progression A-H H-Q RBBB Period Status 
Ai L ce RI A LE I uou E O CILE vo Nuus d aD SORA RR il NE rU n. 
1 56M AWMI, LAH, RBBB A 110 60 +—+-—+ 2wk Died VF 
2 47M AWMI LAH, RBBB day 2 90 55* —+— 6 mo Alive, angina, CHF 
3 65M IWMI, ILBBB CHB, LPH, RBBB 110 100 —+ 6 wk Died suddenly 2 wk after 
day 2 permanent pacemaker 
implantation 
4 73M AWMI LAH, RBBB 7 hr 60 50 —+ 2 days Died respiratory arrest 
5 70M AWMI, LAH, RBBB 1°A-V block, LBBB 120 70 +— 3 wk Died CHF 
day 2 
6 69M AWMI, LAH RBBB day 3 90 50 —+4+— 3 mo Alive, asymptomatic with digitalis 
and diuretic agents 
7 63M AWMI LAH, RBBB 1 hr 90 90 — + 12 days Died VF 
8 57M AWMI, LAH, RBBB e 120 55 + 12 hr Died shock 
9 73M S-T depression, AWMI, LPH, RBBB 120 65 —+ 3 wk Alive 
leads Vi-Vs day 6 
10 68M AWMI, LAH, RBBB ae 110 50 + 4mo Alive, angina 
11 53M IWMI, AWMI RBBB 2 hr; LPH, 90 70 —+—+— 6wk Died} progressive CHF, sudden 
RBBB day 2 VF 
12 49M AWMI LAH, RBBB 2 hr; 120 60 = —+ 3 days Died VF 
LPH, RBBB day 2 
13 51M AWMI LAH 2 hr; LAH, 80 45 —+4+— 4 wk Alive 
RBBB 4 hr. 
14 80M AWMI LAH, RBBB 2 hr 100 60 —+ 3 wk Alive 
15 69M AWMI, LPH, RBBB et 80 80 + 9 hr Died VF 





* Right bundle branch block not present at time of His bundle recording. 


t Postmortem examination. 


A-V = atrioventricular; AWMI = anterior wall myocardial infarction; CHB = complete heart block; CHF = congestive heart failure; 
HBE = His bundle electrogram; ILBBB = incomplete left bundle branch block; IWMI = inferior wall myocardial infarction; LAH =left 
anterior hemiblock; LBBB — complete left bundle branch block; LPH — left posterior hemiblock; RBBB — complete right bundle branch 
block; VF = ventricular fibrillation. + = right bundle branch block present; — = right bundle branch block absent. 


tion. All patients underwent His bundle recordings 
during insertion of a temporary prophylactic pace- 
maker and were followed up carefully with frequent 
electrocardiograms. The mortality rate of this group 
of patients was examined with specific reference to 
the prognostic value of the His bundle electrogram 
and the transient or persistent nature of the bundle 
branch block. 


Methods 


All patients were admitted to a coronary care unit be- 
tween January 1971 and December 1972. In all, a standard 
12 lead electrocardiogram was obtained on admission and 
then daily during the stay in the coronary care unit. In 
addition to constant oscilloscopic monitoring, frequent 
rhythm strips were obtained as well as a repeat complete 
electrocardiogram whenever a change in rhythm or con- 
duction was noted. In addition, a vectorcardiogram made 
with use of the Frank lead system was obtained in most 
patients when a conduction defect was noted. 

Criteria for the diagnosis of acute myocardial infarction 
were abnormal Q waves and serial ST-T wave changes in 
addition to characteristic serum creatinine phosphokinase, 
lactic acid dehydrogenase and transaminase abnormali- 
ties. Right bundle branch block was defined according to 
the criteria of the New York Heart Association!! and in- 
cluded a QRS duration of 0.12 second or more. Patients 


with right bundle branch block and a Q wave in lead Vi 
were not listed separately. Diagnoses of left anterior and 
left posterior hemiblock were based on modification of the 
criteria of Rosenbaum.!? For left anterior hemiblock the 
criteria included a frontal plane QRS axis greater than 
—30° and for left posterior hemiblock a frontal plane QRS 
axis of greater than +100°. In the two patients with inferi- 
or wall infarction, a diagnosis of left posterior hemiblock 
was made according to the vectorcardiographic criteria 
established by Varriale and Kennedy. 1 

The conduction defects were all thought to be related to 
the acute myocardial infarction. In 11 patients the con- 
duction defect was not present on admission but devel- 
oped during the period of observation in the coronary care 
unit. In the four patients with bundle branch block on ad- 
mission, electrocardiograms taken several months before 
admission showed no abnormality. The study excluded 
patients without previous electrocardiograms in whom the 
time of onset of the bundle branch block could not be as- 
certained. 

A temporary prophylactic pacemaker was inserted as 
soon as one of the patterns of incomplete bilateral bundle 
branch block (right bundle branch block with left anterior 
hemiblock or right bundle branch block with left posterior 
hemiblock) was recognized. After informed consent was 
obtained from the patients, a no. 6 bipolar electrode cath- 
eter was inserted by a percutaneous technique through the 
femoral vein under direct fluoroscopic control with image 
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FIGURE 2 (right). Case 14. Electrocardiogram taken 2 hours after admission showing evolution of acute anterior wall myocardial in- 
farction. Right bundle branch block and left anterior hemiblock are now shown. 


intensification. During insertion of the pacemaker, a His 
bundle electrogram was obtained according to the method 
of Scherlag et al.14 The His bundle electrogram was re- 
corded at a frequency range of 40 to 500 Hz at paper 
speeds of 75 and 150 mm/sec. The electrode catheter was 
then positioned in the apex of the right ventricle. No sig- 
nificant ventricular irritability or other complications oc- 
curred during this procedure. 
Results 

All 15 patients were male (average age 63 years). 
Fourteen had evidence of acute anterior wall myo- 
cardial infarction, one had additional evidence of 
acute inferior wall myocardial infarction, and one 
had acute inferior wall infarction alone. Incomplete 
bilateral bundle branch block was manifested as 
right bundle branch block with left anterior hemi- 
block in 10 patients and right bundle branch block 
with left posterior hemiblock in 4. One patient 
showed right bundle branch block with periods of 
left anterior hemiblock and left posterior hemiblock. 
Nine patients died between 9 hours and 6 weeks 
after admission. The hospital mortality rate (21 
days) was 47 percent, and the total mortality rate 60 
percent. Of 11 patients with an abnormal H-Q inter- 
val (55 msec or greater), 8 died; of the 4 with a nor- 
mal H-Q interval, only 1 died. Examination of serial 
electrocardiograms showed that the right bundle 
branch block disappeared in four patients, of whom 
one died and three survived. All five patients with 
right bundle branch block and left posterior hemi- 
block had an abnormal H-Q interval and four of 
these patients died. There was no relation between 
the finding of a prolonged H-Q interval and the per- 
sistence of right bundle branch block. The six sur- 
viving patients have been followed up for 3 weeks to 
6 months. Table I summarizes the clinical course of 
these patients. 
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Case 14: Figure 1 shows the admission electrocardio- 
gram of this patient. Changes of acute anterior wall myo- 
cardial infarction are seen, but there is no evidence of 
right bundle branch block or abnormal frontal plane axis. 
The electrocardiogram shown in Figure 2 was recorded 2 
hours after admission. In addition to the progressive 
changes of anterior wall infarction, right bundle branch 
block with left anterior hemiblock is now present. The His 
bundle electrogram recorded during temporary pacemaker 
insertion shows a prolonged H-Q interval (Fig. 3). 


Case 3: Figure 4 shows the admission electrocardiogram 
of this patient. Changes consistent with acute inferior wall 
myocardial infarction and incomplete left bundle branch 
block are seen. The electrocardiogram recorded on the 
second hospital day (Fig. 5) shows sinus rhythm with first 
degree atrioventricular block in addition to complete right 
bundle branch block and left posterior hemiblock. The 
His bundle electrogram recorded during temporary pace- 
maker insertion (Fig. 6) shows a prolonged H-Q interval. 


Discussion 


Incidence and causes of mortality: The mortali- 
ty rate associated with incomplete bilateral bundle 
branch block complicating acute myocardial infarc- 
tion is high. The 47 percent hospital mortality rate 
noted in our cases is similar to that described by 
Scheinman and Brenman® and slightly higher than 
that described by Scanlon et al.5 and Atkins et al.? 
The causes of hospital mortality included ventricular 
fibrillation (four patients), congestive heart failure 
(one patient), cardiogenic shock (one patient) and 
respiratory arrest (one patient). Thus, as in the 
study of Roos and Dunning,’ none of our patients 
died of asystole or complete heart block because of 
temporary prophylactic pacemaker insertion; never- 
theless, the mortality rate was high. 

The increased mortality was due to extensive 
anteroseptal necrosis resulting from occlusion of the 


915 


BUNDLE BRANCH BLOCK AND MYOCARDIAL INFARCTION—LICHSTEIN ET AL. 


' ' 
A-H = 100 msec. 
H-Q = 60 msec. 





FIGURE 3. Case 14. His bundle electrogram recorded at the time of temporary pacemaker insertion. A — atrial depolarization; H — 
His bundle deflection. Time lines are 1 second apart. Paper speed 75 mm/sec. 


proximal left anterior descending coronary artery. 
Patient 3 with inferior wall myocardial infarction 
probably had previous disease of the left anterior de- 
scending coronary artery and then occlusion of the 
right coronary artery, which was supplying collateral 
flow to the septum. In cases of right bundle branch 
block with left posterior hemiblock, it is thought 
that a second vessel, either the right coronary or left 
circumflex artery, is involved since the posterior di- 
vision usually has a dual blood supply. Consequent- 
ly, the mortality in these patients may be even 
greater owing to the increased amount of myocardial 
necrosis. The 80 percent mortality rate in our group 

















with right bundle branch block and left posterior 
hemiblock is consistent with this hypothesis. Patient 
11 had right bundle branch block with left posterior 
hemiblock in addition to  electrocardiographic 
changes of acute anterior and inferior wall myocar- 
dial infarction. Postmortem examination revealed re- 
cent occlusion of both the right and left anterior de- 
scending coronary arteries. 

The primary cause of death has been thought to 
be cardiogenic shock®:? or arrhythmias, including 
complete heart block, asystole and ventricular fibril- 
lation.1-8 For this reason, the recommendation of a 
temporary prophylactic pacemaker is still controver- 
























































































































































































































































FIGURE 5 (right). Case 3. Electrocardiogram taken on the second hospital day showing sinus rhythm with first degree atrioventricular 
block in addition to complete right bundle branch block and left posterior hemiblock. 
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A-H = 110 msec, 


H-Q = 100 msec, 


FIGURE 6. Case 3. His bundle electrogram recorded at the time of temporary pacemaker insertion. 


sial. Most investigators?:4:5:7-9 recommend insertion 
but are aware that the benefit will be small. Others'.$ 
believe that the potential risks are greater than the 
potential gain. 

Long-term prognosis: A long-term follow-up 
study by Scanlon et al.® indicated that these pa- 
tients have a poor prognosis. T'wo of our surviving 
eight patients died 6 weeks after admission. Patient 3, 
who had a permanent pacemaker died suddenly, 
probably with ventricular fibrillation, and Patient 11 
had progressively increasing congestive heart failure 
leading to terminal ventricular fibrillation. Atkins et 
al.? have recently studied the prognosis of a similiar 
group of patients who had transient complete heart 
block complicating acute myocardial infarction. 
They found that 11 of 13 patients who did not have a 
permanent pacemaker died within 8 months of dis- 
charge, whereas 8 with permanent pacemakers were 
still alive. 

Persistence of bundle branch block was examined 
to determine its prognostic value. We noted a lesser 
mortality in those with transient bundle branch 
block (one death in 4 patients compared to eight 
deaths in 11 patients with persistent bundle branch 
block). Master et al.!9 reported on a group of pa- 
tients with bundle branch block and acute myocar- 
dial infarction including 104 patients with typical or 
atypical right bundle branch block. The conduction 
defect was usually observed on the first day and was 
usually permanent, although it was transient in six 
patients. They found no significant difference in 
mortality between patients with a transient or per- 
manent block but suggested that collateral circula- 
tion may establish itself and restore normal conduc- 
tion. Norris,? describing six patients with heart block 
complicating anterior wall myocardial infarction, 
noted that QRS widening persisted after atrioven- 

pet i the four patients 
ared in the two sur- 










vivors. Lassers!® described four deaths in five pa- 
tients who left the hospital with right bundle branch 
block after myocardial infarction. In the one surviv- 
ing patient, the right bundle branch block, disap- 
peared after hospital discharge. Bauer et al.3.17.18 
noted a definitely better prognosis in patients with 
transient bundle branch block. 

Significance of prolonged H-Q interval: A pro- 
longed H-Q interval in a patient with incomplete 
bilateral bundle branch block indicates delay in the 
functioning bundle and has been found in up to 72 
percent of patients with right bundle branch block 
and left anterior hemiblock and in 100 percent of pa- 
tients with right bundle branch block and left poste- 
rior hemiblock.!9-?! A prolonged H-Q interval is 
consistent with trifascicular disease. It has not been 
directly correlated with the risk of heart block or in- 
creased mortality. Although our patients had acute 
myocardial infarction as the cause of their conduc- 
tion defect, the prevalence of prolonged H-Q time 
was remarkably similar to that in the cited studies of 
patients without acute myocardial infarction. Our 
data showed that a prolonged H-Q interval occurred 
in 72 percent of those with right bundle branch block 
and left anterior hemiblock and in 100 percent of 
those with right bundle branch block and left poste- 
rior hemiblock. The occurrence of complete heart 
block was reduced (Patient 3) in those with a pro- 
longed H-Q time, but the prognosis was worse. The 
poor prognosis is probably a result of the increased 
extent of necrosis involving all three fascicles of the 
conducting system. 

We conclude that in patients with incomplete 
bilateral bundle branch block complicating acute 
myocardial infarction, the prognosis is poor for 
those with an abnormal H-Q interval and persistent 
right bundle branch block and better for those with a 
normal H-Q interval and transient right bundle 
branch block. 
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Twenty-seven patients with acute myocardial infarction were studied 
by infusion of graded levels of norepinephrine at rates of 1 to 3, 3 to 
5, 5 to 8 and 8 to 10 ug/min. Twelve patients subsequently died of 
pump failure during hospitalization. Control levels of stroke work 
produced excellent separation between survivors and nonsurvivors. 
The magnitude of maximal stroke work response during norepineph- 
rine infusion in the two groups was also significantly different, but 
did not further separate the groups. However, the maximal percent 
change in stroke work in the two groups was similar, thus suggest- 
ing that, even in the presence of large infarcts, the remaining viable 
myocardium remains responsive to inotropic agents. Qualitatively the 
response of survivors and nonsurvivors was similar at low dose 
rates, but at a rate of 8 to 10 ug/min, survivors exhibited predomi- 
nantly an increase in stroke volume with little change in peripheral 
vascular resistance, whereas nonsurvivors showed predominantly an 
increase in peripheral vascular resistance with little change in stroke 
volume. We conclude that the initial level of ventricular function de- 
termines both the nature and magnitude of response to inotropic 
agents in acute myocardial infarction. Clinically, the usefulness of 
norepinephrine in this disease may be limited, since patients most 
likely to receive the drug would be expected to respond with a small 
increase in flow and a significant increase in afterload. 


Although the hemodynamic!!! and metabolic!?-18 effects of norepi- 
nephrine in both animals and man are well established, the use of 
the drug in the treatment of patients with acute myocardial infarc- 
tion and cardiogenic shock has had only limited success. This vari- 
ability of response may not be characteristic of norepinephrine ther- 
apy alone, since the therapeutic efficacy of many inotropic drugs in 
myocardial infarction may be limited by the level of left ventricular 
function at the time of drug administration.!*.15 

The purpose of this study was threefold: first, to determine if the 
resting level of left ventricular function influences the nature of the 
response to norepinephrine; second, to ascertain if the response to 
norepinephrine is of value in predicting in-hospital survival after 
acute myocardial infarction; and, third, to establish the dose level of 
norepinephrine required to elicit an optimal hemodynamic response. 


Methods 


Twenty-seven patients with definite acute myocardial infarction by the 
Myocardial Infarction Research Unit (MIRU) criteria of the National Insti- 
tutes of Health!? were studied within 48 hours of admission to the MIRU 
facility. The clinical characteristics of the 27 patients are summarized in 
Table I. Twelve of the patients had cardiogenic shock, nine manifested left 
ventricular failure and six had no complications. Cardiogenic shock was de- 
fined!? as existing when all of the following were present: intraarterial sys- 
tolic blood pressure of 90 mm Hg or less or 30 mm Hg below the previous 
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TABLE | 
Patient Characteristics 


Survivors Nonsurvivors 
Number of patients 15 12 
Mean age (range) (yr) 62 (46-74) 71 (50-83) 
Site of myocardial 
infarction 
Anterior 7 (47%) 7 (5896) 
Inferior 8 (53%) 4 (25%) 
Both 0 (095) 1(17%) 
Complications 
Pulmonary vascular | 7 2 
congestion 
Shock 2 10 
None 6 0 





basal level, urinary output of less than 20 ml/hr, impaired 
mental function and cool, clammy skin. Pulmonary venous 
congestion was defined by the presence of rales or a third 
heart sound, or both.19 

Cardiac output was determined by the thermodilution 
technique, utilizing a single right heart catheter that al- 
lows simultaneous measurement of pulmonary arterial 
pressure.?? Arterial pressure was monitored by a no. 5F 
"Teflon? catheter inserted percutaneously into the brachial 
or femoral artery. Heart rate, duplicate cardiac output 
determinations and systemic and pulmonary pressures 
were determined before and during norepinephrine infu- 
sion. The initial infusion rate was 1 to 3 ug/min and was 
increased to 3 to 5, 5 to 8 and 8 to 10 ug/min at 10 minute 
intervals. If during infusion the blood pressure increased 
more than 30 to 50 mm Hg, the study was terminated. In’ 
one nonsurvivor, the study was discontinued when prema- 
ture ventricular systoles developed during the infusion. 


Left ventricular stroke work (LVSW) was calculated as 
follows: 


LVSW = SV x AP x 13.6/1000 (g-m/beat) 
where SV = stroke volume (cc/beat) and AP = mean ar- 
terial blood pressure (mm Hg). 


Peripheral vascular resistance (PVR) was calculated as 
follows: 


PVR = AP/CO (mm Hg/liter per min) 
where CO = cardiac output (liters/min). 
Results 


To determine whether the hemodynamic response 
to norepinephrine infusion was of prognostic value, 
the patients were separated into two groups, survi- 
vors and nonsurvivors (Table II). Resting mean arte- 
rial pressure, cardiac output and stroke work were 
significantly greater survivors than in nonsurvi- 
vors. The maximal response in both arterial pressure 
and cardiac output was observed at a rate of 8 to 10 
ug/min in both groups. 

Figure 1 demonstrates that the maximal change in 
stroke work during norepinephrine infusion was a di- 
rect linear function of initial stroke work. The rest- 
ing stroke work and absolute magnitude of response 
to norepinephrine infusion was statistically different 


TABLE Il 
Hemodynamic Response to Graded Doses of 
Norepinephrine in Survivors and Nonsurvivors 


Survivors Nonsurvivors 


Con- 3-5 5-8 810 Con- 3-5 5-8 8-10 
trol ug ug ug trol — ug ug ug 








BP 85.0 95.6 96.6 102.7 68.0 73.9 80.1 88.8 
HR. .78.3. 7/.8 . 75.5- —86.6 . 90:6 90.7 89.3 93.7 
co 4.6 50 4,9 Peek. 2934.7 «322 — 73.5 
SW. .:-73:9:,9073:17.88:8 593.8 —- 31.6 .:536.8 — 41:5. 45.0 
SVR: 17.1; 17.7. 19:8 10.8 2409 24.1 .26.3. 30.0 


BP — mean blood pressure (mm Hg); CO — cardiac output 
(liters/min); HR = heart rate (beats/min); SVR = systemic 
vascular resistance (dynes sec cm~*); SW = stroke work (g-m/ 
beat). 


in the two groups; however, the maximal percent 
change in both groups was approximately equal. 

Figure 2 illustrates the effect of norepinephrine on 
stroke work and stroke volume in individual 
subjects. The control levels of both stroke work and 
stroke volume allowed excellent separation of survi- 
vors from nonsurvivors. The response to norepineph- 
rine infusion did not further separate the two groups. 
Values for three patients overlap on this graph. The 
survivor with a stroke work of 8 g-m/beat was a pa- 
tient who had shock immediately after an acute an- 
terior wall myocardial infarction. His response to 
norepinephrine infusion was excellent. It was discov- 
ered, however, that the patient also had hypovolemia 
secondary to an actively bleeding peptic ulcer. 
Treatment for hypovolemia with 3 units of blood and 
3 units of plasma resulted im resolution of hypoten- 
sion and return of hemodynamic values to the nor- 
mal range. 

Neither of the nonsurvivors with a stroke work 
level higher than 50 g-m/beat died of pump failure. 
The first patient died of a massive pulmonary embo- 
lus 36 hours after discharge from the MIRU facility. 
'The second patient died from a respiratory arrest 2 
weeks after admission. 
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FIGURE 1. Individual stroke work response (g-m/beat) in survi- 
vors and nonsurvivors. Most survivors can be separated by ini- 
tial level of stroke work alone. 
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FIGURE 2. Individual maximal response to norepinephrine administration in survivors and nonsurvivors. Significant separation in resting 
levels of stroke volume and stroke work (g-m/beat) were noted in the two patient groups. Values in three patients overlap in terms of 
both stroke volume and stroke work (see text). Although the resting level of stroke volume and stroke work produced excellent separa- 
tion between survivors and nonsurvivors, the magnitude of response to drug administration did not produce further separation of the 


two groups. 


. Figure 3 illustrates serial changes in stroke volume 
and systemic vascular resistance from control values 
during norepinephrine infusion. The two groups 
reacted quite similarly at low infusion rates, but at a 
rate of 8 to 10 ug/min there was a separation be- 
tween survivors and nonsurvivors. Patients who sur- 
vived showed a marked increase in cardiac output 
with essentially no change in systemic vascular resis- 
tance. In contrast, nonsurvivors demonstrated a 
marked increase in systemic vascular resistance with 
little change in cardiac output. 


Discussion 


Our study demonstrates that both the nature and 
magnitude of hemodynamic response to inotropic 
agents in patients with acute myocardial infarction 








NON-SURVIVORS / 
SURVIVORS 





MAXIMUM % CHANGE 
IN STROKE VOLUME (CC) 


DOSE OF LEVOPHED (GAMMA) 


are directly related to the existing state of left ven- 
tricular function and peripheral vascular resistance 
at the time of drug administration. Thus, the maxi- 
mal cardiac response of nonsurvivors to norepineph- 
rine infusion was significantly smaller than that of 
the survivors. 

A hypothetical schematic representation of this re- 
sponse, based upon the recently proposed two com- 
ponent model of acute myocardial infarction,?! is 
shown in Figure 4. A normal heart with uniformly 
responsive myocardial fibers is shown at the left. An 
acutely infarcted heart, with a large noncontractile 
segment assumed to reduce cardiac function in di- 
rect relation to infarct size, is shown at the right. If 
each remaining viable myocardial fiber in this in- 
farcted heart were as responsive to inotropic stimuli 


NON-SURVIVORS 
= SURVIVORS 


MAXIMUM % CHANGE IN SVR 








o <3.0 <5.0 <10.0 
DOSE OF LEVOPHED(GAMMA) 


FIGURE 3. Hemodynamic response to norepinephrine: dose-related changes in stroke volume (A) and systemic vascular resistance 
(B) in survivors and nonsurvivors. At low rates of norepinephrine infusion, there was no important increase in stroke volume response 
in either group. At the infusion level of 10 ug/min (10 gamma), however, patients who survived showed a 34 percent increase in stroke 
volume, whereas nonsurvivors continued to demonstrate essentially no response to drug administration. With regard to systemic 
vascular resistance, at levels of norepinephrine infusion less than 5 ug/min (5 gamma), no important change was encountered in either 
group. At an infusion rate of 10 ug/min, however, nonsurvivors exhibited a 24 percent increase in peripheral vascular resistance, where- 
as patients who survived showed essentially no significant physiologic response. 
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FIGURE 4. Failure to respond to norepinephrine: a hypothesis. 
Assuming that a significant percentage of myocardial fibers be- 
come noncontractile with acute myocardial infarction, and that 
viable fibers maintain normal contractility, a diminished level of 
resting stroke work would be observed in patients with acute in- 
farction. The magnitude of response in stroke work would also 
be diminished, but the percent change from control levels would 
remain unchanged (see text). 


as normal fibers, then the total stroke work response 
would be reduced by a magnitude proportional to 
the amount of infarcted tissue. The percent change 
from control levels, however, would be similar in 
both hearts. If the remaining viable fibers were al- 
ready significantly stimulated by endogenous cate- 
cholamines, an even smaller response might be ob- 
served in the infarcted heart. 

Effect of resting left ventricular function on re- 
sponse to norepinephrine: Although the pattern of 
response to norepinephrine was similar at low dose 
rates in the two groups, at a rate of 8 to 10 ug/min 
survivors exhibited a predominantly beta adrenergic 
type of response, that is, a significant increase in 
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FIGURE 5. Effect of resting left ventricular function on response 
to norepinephrine. Patients with a resting level of stroke work 
exceeding 50 g-m/beat showed predominantly an increase in 
cardiac output with little change in peripheral vascular resis- 
tance. In contrast, patients with a resting level of stroke work 
lower than 50 g-m/beat showed a smaller increase in cardiac 
output and a significant increase in peripheral vascular resis- 
tance (PVR). SW = stroke work. 


cardiac output with little change in peripheral vas- 
cular resistance. Nonsurvivors showed a predomi- 
nantly alpha adrenergic type of response, character- 
ized by minimal change in cardiac output with a sig- 
nificant increase in systemic vascular resistance (Fig. 
5). In this respect, the response of nonsurvivors to 
norepinephrine infusion was similar to that previous- 
ly reported for normal men. Although the mecha- 
nism for this similar response is not elucidated by 
our data, the variability of response according to 
clinical states may be explained on teleologic 
grounds. The failure of cardiac output to increase in 
nonsurvivors may reflect the combination of preex- 
isting maximally stimulated myocardium with a 
large area of noncontractile infarct, neither of which 
would respond to further inotropic stimulation. The 
increase in arterial pressure that accompanied nor- 
epinephrine administration in this group would 
therefore predominantly reflect vasoconstriction, 
thus suggesting that additional vascular responsive- 
ness may be observed even in critically ill patients. 
In normal persons, the predominantly alpha or vaso- 
constrictive response may reflect the lack of need for 
any increase in cardiac output; in nonsurvivors the 
vasoconstrictive response reflects the inability to in- 
crease output. In contrast, patients with acute in- 
farction resulting in mild or moderate degrees of left 
ventricular functional impairment would have a 
large mass of responsive myocardium and the need 
for some improvement in peripheral perfusion, lead- 
ing to a predominantly beta adrenergic response. 

It has previously been postulated that the response 
to norepinephrine would be of value in separating 
survivors and nonsurvivors. In fact, our study does 
demonstrate that, although the response of the two 
patient groups is different, the distinction is no bet- 
ter than that provided by the values for initial stroke 
work. The initial level of left ventricular stroke work 
of 40 to 50 g-m/beat and of stroke volume of 40 to 45 
cc/beat separated survivors from nonsurvivors in all 
but three cases in which other factors were more 
meaningfully related to survival. 

The optima! response of cardiac output and stroke 
work to norepinephrine infusion in patients with 
acute myocardial infarction appears to occur at infu- 
sion rates in the range of 8 to 10 wg/min, since at 
lower rates hemodynamic changes are minimal. Al- 
though it is possible that higher infusion rates might 
elicit further increases in cardiac output or stroke 
work, the concomitant rise of peripheral vascular re- 
sistance probably would limit the use of norepineph- 
rine to this dose range. 

Clinical implications: The clinical usefulness of 
norepinephrine may be extremely limited in patients 
in the acute phase (0 to 72 hours) of myocardial in- 
farction. Persons who are likely to respond with a 
significant increase in stroke work or cardiac output 
will seldom require the drug, and those with reduced 
cardiac output and stroke work are unlikely to in- 
crease flow significantly. The use of the drug may, 
therefore, be limited to patients whose arterial pres- 
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sure must be increased from a very low level to the 
low normal range to increase coronary blood flow. 
However, in such circumstances the concomitant rise 
in myocardial oxygen demand may outweigh the 
beneficial effects of improved oxygen supply.?? 

In summary, the circulatory response to graded 
doses of norepinephrine is determined by the level of 
left ventricular function at the time of drug adminis- 
tration. Within the dose range studied, patients with 
good left ventricular function tend to show predomi- 


nantly an increase in cardiac output with little 
change in resistance, whereas those with poor left 
ventricular function have much smaller changes in 
flow and greater increase in resistance. For clinical 
purposes, the maximal response appears to occur at 
infusion rates of the range of 8 to 10 ug/min. How- 
ever, the addition of this response to norepinephrine 
infusion to the initial value of stroke work apparent- 
ly does not significantly improve ability to predict 
survival. 
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All cases admitted over a 2-year period with the diagnosis of infec- 
tive endocarditis were reviewed. Two groups were studied: Group 
1—known drug addicts; and Group 2— persons with no history of 
drug use or cardiac disease before the onset of endocarditis. Group 
1 consisted of 13 drug addicts with 17 admissions for endocarditis. 
Fifty-two percent used heroin, 30 percent amphetamines and 18 
percent used both drugs. The infective organism was identified as 
Staphylococcus aureus in 64 percent, candida in 17 percent and 
enterococcus in 11 percent. Respiratory symptoms and pulmonary 
infiltrates were seen on admission in 70 percent. Aortic valve in- 
volvement, either alone or in combination with mitral valve involve- 
ment, was seen in 11 instances (65 percent), isolated mitral insuffi- 
ciency in 5 (29 percent). Complications were seen in 14 (82 per- 
cent). Surgical intervention for intractable cardiac failure was per- 
formed in 3 patients without operative mortality. Of the 10 patients 
treated medically, 3 died. Group 2, composed of 7 nondrug users 
differed from Group 1 in the following variables: (1) greater mean 
age (52.7 years compared to 27.4 years); (2) longer duration of 
symptoms, more than 1 week in 86 percent vs. 1 week or less in 94 
percent of drug users, and (3) an absence of respiratory symptoms 
on admission. Surgical intervention was necessary in two patients. 
There were no deaths. Infective endocarditis in drug users remains a 
serious disease that may respond to prompt medical and surgical 
therapy. 


Infective endocarditis is a recognized serious complication of paren- 
teral drug addiction and has been reported to be responsible for 8 
percent of deaths in narcotic addicts in New York City.! Recent 
publications have reviewed the clinical spectrum of endocarditis in 
drug addicts, but only a few studies have compared infective 
endocarditis in drug addicts and in nondrug users. Published re- 
ports?.6 comparing infective endocarditis in these two groups have 
not differentiated between (1) nondrug users with previous heart dis- 
ease and clinical findings compatible with subacute bacterial endo- 
carditis, and (2) nondrug users with no previous history of organic 
cardiac involvement. Our study was undertaken in an effort to com- 
pare the clinical course of infective endocarditis in drug addicts with 
that in nondrug users having no preexisting cardiac disease. 


Material and Methods 


The medical records of all patients admitted to the ward service of this 
hospital with a diagnosis of infective endocarditis from May 1969 to Sep- 
tember 1972 were reviewed. The diagnosis of endocarditis was confirmed on 
the basis of (1) significant cardiac murmurs in the presence of at least four 
positive blood cultures or surgical or necropsy findings, and (2) significant 
cardiac murmurs in the absence of positive blood cultures in patients pre- 
viously treated with antibiotic agents whose initial symptoms responded to 
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TABLE | 
Clinical Profile of Drug Addicts with Endocarditis 
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Ad- 
mis- 
Case sion Age and Valve 
no. no. Sex Initial Symptoms Involved Organism 
1 1 33M Fever, cough Aortic Staph. aureus 
2 34M Fever, cough Aortic Staph. aureus 
2 3  24F Fever, Aortic, Staph. aureus 
pleuritic pain mitral 
3 4 33M Fever, Aortic Staph. aureus 
dyspnea 
4 5 18M Fever, cough, VSD Microaero- 
pleuritic pain . philic strep- 
tococcus 
5 6 40M Fever, chills Aortic Staph. aureus 
7 41M Dyspnea, Mitral Negative 
orthopnea 
6 8. -23F Fever, Aortic Enterococcus 
abdominal pain 
7 9  24F Dyspnea, Mitral Staph. aureus 
fever 
8 10 32M Fatigue Mitral Candida 
albicans 
9:5 SEIS 2 5F Fever, Mitral Staph. aureus 
myalgias 
10.3 312. + 29F Fever, cough Mitral Staph. aureus 
11 13 23M Coma Aortic Enterococcus, 
Candida 
albicans 
12 14 30M Fever Aortic Staph. aureus 
15 31M Pleuritic pain Aortic, Candida 
tricuspid tropicalis 
1E 16 24M Fever, Aortic Staph. aureus 
weakness 
17 25M Dyspnea Aortic Negative 


Medical Treatment Complications Outcome 
Oxacillin Septic pulmonary emboli Recovered 
Oxacillin Septic pulmonary emboli Improved + 
Methicillin Septic pulmonary emboli, Recovered, 

urinary tract infection improved 
Oxacillin Pulmonary emboli, Recovered 
acute hepatitis 
Penicillin Septic pulmonary emboli Recovered 
Methicillin Mitral insufficiency Recovered 
Methicillin Progressive heart failure MVR, 
recovered 
Penicillin, Systemic embolization, Died 
streptomycin mesenteric infarction 
Oxacillin Marked anemia Recovered 
Amphotericin Emboli, systemic and Died 
B pulmonary 
Cephalothin Myositis, Recovered 
Coombs anemia 
Oxacillin Septic pu!monary emboli, Recovered 
gram-negative sepsis, 
acute hepatitis 
Penicillin, Pneumonia, Died 
streptomycin, cerebral emboli 
amphotericin B 
Oxacillin Recovered 
Amphotericin B Septic pulmonary emboli, AVR, 
progressive heart failure recovered 
Oxacillin Cerebral emboli AVR, 
recovered 
Oxacillin Progressive heart failure AVR, 
recovered 





AVR = aortic valve replacement; MVR = mitral valve replacement; VSD = ventricular septal defect. 


appropriate therapy or in whom it was possible to obtain a 
tissue diagnosis. L 

Patients with infective endocarditis were divided into 
three groups: Group 1— patients who abused parenterally 
administered drugs; Group 2— patients who had no histo- 
ry of drug use or previous cardiac disease; and Group 3— 
nondrug users with preexisting heart disease. For the pur- 
pose of this paper, only the first two groups are consid- 
ered. 

A clinical profile of all patients in Groups 1 and 2 was 
developed with respect to duration of symptoms, present- 
.ing complaints, infective organism, therapy and subse- 
quent hospital course. For patients in Group 1, a readmis- 
sion was considered to represent a new case of endocardi- 
tis only when (1) the initial response to therapy was con- 
sidered adequate, and (2) at least 11 months intervened 
between admissions. 


Results 


A review of hospital records identified 49 patients 
admitted 53 times with a diagnosis of infective endo- 
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carditis. Group 1 (abusers of parenterally adminis- 
tered drugs) consisted of 13 patients with 17 admis- 
sions, representing 32.1 percent of the total admis- 
sions for infective endocarditis. Group 2 (nondrug 
users without previous cardiac disease) consisted of 7 
patients, representing 13.2 percent of total admis- 
sions. The remaining 29 patients (54.7 percent) ad- 
mitted for infective endocarditis had had previous 
organic heart disease. 


Endocarditis in Drug Addicts 


The 17 admissions of 13 drug addicts with endo- 
carditis represented 20 percent of admissions for in- 
fectious complications of drug dependency and 9 
percent of all general hospital admissions of drug ad- 
dicts over the study period. The clinical profiles of 
these patients can be seen in Table I, and a summa- 
ry of salient features in Tables II and III. Of the 13 
patients, 5 were women and 8 were men. Their ages 
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ranged from 18 to 33 years (mean 27.4 years). Fifty 
percent were dependent on heroin, 29 percent on 
amphetamines and 18 percent on several drugs. In 15 
admissions, initial symptoms were present for 1 week 
or less and consisted of fever in 13 (76 percent) and 
cough, dyspnea or pleuritic pain in 10 (58 percent). 
Cerebral emboli were present on admission in 2 pa- 
tients. Initial abnormal chest X-ray findings indicat- 
ing coexisting pulmonary disease were seen in 9 (53 
percent). 

The aortic valve, either alone or in combination 
with other valves, was involved in 11 instances, the 
mitral valve in 6 and the tricuspid valve in 1. One 
patient previously had a prosthetic aortic valve in- 
serted for rheumatic aortic insufficiency, and one pa- 


TABLE II 


Summary of Clinical Profile of Drug Addicts on Admission 

(13 Patients, 17 Admissions) 

— acte EM S EL uo os SOS Pee Yel i Eel 
Admissions 


Drug abused 


Heroin 9 53 

Amphetamines 5 29 

Multiple drugs 3 18 
Initial complaints 

Fever 13 76 

Respiratory 10 58 
Valve involved 

Aortic 9 53 

Mitral 5 29 

Aortic and mitral 1 à 

Aortic and tricuspid 1 


Infectious organism 


Staphylococcus 

aureus 10 58 
Candida 3 18 
Enterococcus 2 12 
Microaerophilic 1 

streptococcus 


kw 


TABLE lil 


Hospital Course of 13 Drug Addicts with 
Endocarditis (17 Admissions) 
CAMIS UN SURE IMS CUL AM 2157 ee ae SK AO UL 





Admissions 
no. 96 
Adequate response to 12 70 
medical therapy 
Complications 16 94 
Pulmonary 9 
Progressive heart 3 
failure 
Systemic embolization 3 
Hepatitis 3 
Other 3 
Surgical intervention 4 23 
Mortality 3 18 


a 
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tient had a ventricular septal defect. Infective organ- 
isms identified on blood culture in 15 of 17 admis- 
sions consisted of Staphylococcus aureus in 10 (58 
percent), candida in 2 and enterococcus and mi- 
croaerophillic streptococcus in 1 each. One patient 
had both enterococcus and candida initially cul- 
tured. In two admissions, a specific organism was not 
isolated despite numerous blood cultures. The pres- 
ence of endocarditis was confirmed in one instance in 
postmortem examination, and in the other at car- 
diothoracic surgery. 

The subsequent hospital course is summarized in 
Table II. Complications associated with infective 
endocarditis were noted in 16 of 17 admissions. Pul- 
monary problems consisting of pneumonia or septic 
pulmonary emboli were seen in nine, systemic em- 
bolization in four and progressive heart failure in 
three instances. An adequate response to medical 
therapy was obtained in 47 percent. Three patients 
underwent replacement of the aortic valve, and in 
one the mitral valve was also replaced. All patients 
survived the operative procedure and were dis- 
charged from the hospital. 

Three patients died while receiving medical thera- 
py. All of these patients had systemic emboli. The 
infectious organisms in these cases were enterococcus 
in one, candida in one and both enterococcus and 
candida in the third. 


Endocarditis in Nondrug Users Without Previous 
Cardiac Disease 

Table IV presents the clinical profile of these seven 
patients. Five patients were female and two were 
male, their ages ranged from 14 to 75 years (mean 
52.7 years). Initial symptoms were of more than 1 
week’s duration in six of seven. Fever was the uni- 
versal complaint, additional symptoms were dyspnea 
in one patient and weakness in two. Initial chest 
X-ray films showed no pulmonary infiltrates in any 
patient. Aortic valve involvement was noted in four 
patients and mitral valve involvement in three. The 
infective organism was identified as streptococcus vir- 
idans in two and enterococcus, hemophilus and 
lactobacillus in the remaining patients. Multiple 
blood cultures were negative in two patients who 
were previously treated with antibiotic agents. In 
one, the diagnosis of endocarditis with rupture of 
chordae tendineae was confirmed at surgery. The 
other patient was admitted with fever and a new 
murmur of mitral insufficiency which subsided with 
antibiotic therapy. 

Complications, seen in four patients, consisted of 
congestive heart failure (three instances), pulmonary 
emboli (one instance), pneumonia (one instance) and 
systemic emboli (one instance). Five of the seven pa- 
tients had an adequate response to medical therapy. 
Two of the patients with progressive congestive heart 
failure underwent valve replacement and manifested 
subsequent improvement. No deaths were reported 
in any of these seven patients. 

The clinical profiles of nondrug users and drug ad- 
dicts are compared in Table V. The mean age of 
nondrug users was 25 years greater than that of drug 
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TABLE IV 


Clinical Profile of Seven Nondrug Users with Endocarditis and No Previous Cardiac Disease 


Case Age (yr) 
no.  &Sex Initial Symptoms Valve Involved Organism Medical Treatment Complications Surgery Outcome 
1 59F Fever, Aortic Strep. Penicillin, None Improved 
weakness viridans kephalin 
2 63F Fever, Aortic Enterococcus Penicillin, Pneumonia, Improved 
weakness streptomycin right lower lobe; 
CHF; 
systemic 
embolization 
3 64M Fever, Mitral Negative Cephalothin Pneumonia; MVR Improved 
dyspnea CHF 
4 75F Fever Aortic Strep. Penicillin None Improved 
viridans 
5 40M Fever Aortic Hemophilus, Gentamycin, CHF AVR Improved 
aphrophilus carbenicillin, 
colistin 
6 44F Fever Mitral Lactobacillus Penicillin None Improved 
7 14F Fever Mitral Negative Penicillin, Pulmonary emboli Improved 
streptomycin 





AVR = aortic valve replacement; CHF = congestive heart failure; MVR = mitral valve replacement. 


addicts. Initial symptoms were present for more than 
two weeks in 86 percent of nondrug users, and for 1 
week or less in 94 percent of drug addicts. With the 
exception of enterococcus, present in two drug ad- 
dicts and one nondrug user, the infective organisms 
in both groups of patients were different, with 
Staphylococcus aureus or candida noted in 13 (76 
percent) of the admissions of drug addicts. Fever was 


TABLE V 


Comparison of Clinical Profile in Drug 
Addicts and Nondrug Users 


Drug Addicts Nondrug Users 
no. 96 no. 96 





3 Cases (no.) 17 7 
a major symptom in both groups. However, 58 per- Mean age (yr) 27.4 52.7 
cent of drug addicts also had symptoms referable to Duration of symptoms 
the respiratory tract, with 52 percent having abnor- 1 week or less 16 94 1 14 
mal pulmonary infiltrates on admission chest X-ray Up to 2 weeks 1 6... D 
films. Only one nondrug user had respiratory symp- 2 weeks to 1 month see Dee 6 86 
toms; the initial chest X-ray film in this patient Initial symptoms 
showed no pulmonary disease. The drug addicts had Faves 13 rh is i 
a significantly higher rate of complications (94 per- Resaltar y 30 cid 2i 
cent vs. 57 percent); however, the type of complica- P cerepralenbol : s 
2 s ? 4 ul monary infiltrates on 9 53 
tion did not differ in the two groups. An equal per- admiésion-tilm 
centage in both groups underwent valve replacement Total complications 16 9i ds 4 57* 
without operative mortality. Three patients in the Cardiac surgical intervention 4 29x io 28 
drug addict group died of their disease while under- Valve(s) involved 
going medical therapy. No deaths were recorded Aortic 11 61 4 57 
among the nondrug users. Mitral 6 33 3 43 
= t Tricuspid 1 6 vs 
Discussion Mortality 3 18 
The prevalence of infective endocarditis in heroin your 


users in our series is comparable to that previously 
reported.* In 1964, the City of New York established 
a Narcotics Register to determine the profile of nar- 
cotic users in the city. The clinical profile of our pa- 
tients does not differ significantly from that reported 
for narcotic addicts residing in the East Harlem 
area, with the exception of the male to female ratio.® 
The Register reported that 80 percent of narcotics 
abusers were male and 20 percent female (4:1). Re- 
cent reports?.6 have indicated that a male predomi- 
nance is also seen in drug addicts with endocarditis. 


However, in our consecutive series, this difference 
was not found, and the male to female ratio was 8:5. 
The reason for this difference is not clear, but in 
view of the small number of admissions involved, 
our series may not represent an adequate sample. 
Comparison of drug addicts with nondrug users re- 
vealed several differences between the groups. The 
mean age of the drug addicts was 25 years less than 
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that of the nondrug users (27.4 vs. 52.7 years). All of 
the drug addicts administered their drugs parenter- 
ally, and heroin was the major drug of abuse. 
Metamphetamines were the only drugs abused in 
five cases. Although fever was experienced by the 
majority of patients in both groups, the addicts ap- 
peared earlier for medical evaluation after the onset 
of symptoms (94 percent reported symptoms of less 
than 1 week’s duration). In the nondrug users, symp- 
toms were present for more than 2 weeks in 86 per- 
cent of patients before hospitalization. This discrep- 
ancy is of interest since heroin users characteristical- 
ly neglect physical ailments and rarely seek medical 
advice until symptoms become quite severe. The 
reason for early hospitalization in this group of pa- 
tients may be related to the coexistence of respirato- 
ry complaints and initial pulmonary infiltrates in 
more than half of the drug addict admissions. Pul- 
monary involvement has been recognized in endocar- 
ditis of drug addicts and has usually been associated 
with tricuspid endocarditis.3;7.9 Tricuspid involve- 
ment has in turn long been related to heroin depen- 
dency.?:1012 However, the increased frequency of tri- 
cuspid valve disease in these persons has been ques- 
tioned in more recent reports.?.13 Menda and Gor- 
bach" reported involvement of the tricuspid valve in 
12 of 23 patients. In our series, of the seven admissions 
of patients with septic pulmonary emboli, tricuspid 
valve involvement was detected clinically in only 
one. This is similar to the reported overall frequency 
of tricuspid valve involvment in endocarditis.5.15 
However, the diagnosis of tricuspid insufficiency is 
not always easy to make clinically and may be con- 
firmed only at surgery or postmortem examina- 
tion?.13.15: therefore, the actual frequency of tricuspid 
endocarditis in our series may have been greater 
than noted. 

The aortic valve was involved in 56 percent and 
the mitral valve in 29 percent of drug addicts. Bival- 
vular involvement was seen in 15 percent. This dis- 
tribution was similar to that seen in nondrug users. 
The infective organism in the majority of drug ad- 
dicts was Staphylococcus aureus; candida was isolat- 
ed in 18 percent. In the nondrug users a predominant 
organism could not be identified. This finding is in 
contrast to the work of Cherubin et al.,5 only half of 
whose “control” patients had Streptococcus viridans 
cultures in the blood. However, in their series pa- 
tients with organic heart disease and clinical findings 
compatible with subacute bacterial endocarditis 
were probably included in the control group. 

In our study, complications were significantly 
more frequent in drug addicts than in nondrug users 
(94 percent vs. 57 percent) and were more serious. 
Systemic embolization represented 25 percent of all 


complications and was present in the three cases 
that ended fatally. The infective organisms in these 
patients were candida, candida and enterococci, and 
enterococci. 

Fungal valvular infections have been reported fre- 
quently and have been associated with severe disa- 
bility and large vessel emboli.1618 Although the clin- 
ical course was severe in the three patients with can- 
dida infections, comparable problems were found in 
patients with bacterial organisms. Systemic emboli- 
zation was seen in one nondrug user who had entero- 
coccal valvulitis. 

The response to medical therapy was comparable 
in both drug addicts and nondrug users (58 percent 
vs. 62 percent). Operative intervention was per- 
formed in five patients, one of whom underwent a 
second valve replacement for endocarditis on a sub- 
sequent admission. Indications for surgery— progres- 
sive heart failure and recurrent embolization—were 
similar to those previously described.19:2° There 
was no operative mortality. 

Prognosis of endocarditis in drug users and in- 
patients with previously normal valves: Mortality 
from endocarditis in drug addicts has been reported 
to range from 15 to 92 percent.19.21-23 Ramsey, 
in a review of 77 reported cases, found an overall 
mortality rate of 76 percent. In our series three cases 
(18 percent) terminated fatally. The decreased mor- 
tality in our patients may be the result of early oper- 
ative intervention and the institution of therapy 
within 1 week of onset of symptoms. Early diagnosis 
and aggressive management of the complications of 
endocarditis have recently been stressed as the 
strongest factors in increased survival.14 

Buchbinder and Roberts?* have suggested that 
endocarditis involving previously anatomically nor- 
mal valves tends to be caused by more virulent organ- 
isms and has a higher mortality rate than endocar- 
ditis in persons with previous cardiac disease. How- 
ever, predisposing factors, including alcoholism and 
heroin dependency, were seen in 71 percent of their 
cases. Our study suggests that such predisposing fac- 
tor might well play a determining role in relation to 
morbidity and mortality since the clinical course of 
nondrug users was much less severe than that of the 
heroin addicts. However, since pathologic studies 
could not be performed in all patients, it is possible 
that the nondrug user group contained some persons 
with a previously undiagnosed valvular abnormality. 

Although 10 of the 13 drug addicts admitted with 
endocarditis were discharged from the hospital, the 
long-term prognosis in the face of continuing drug 
abuse is poor. At present, 3 of the 10 patients have 
been readmitted with recurrent sepsis and 1 had an 
acute fatal reaction after intravenous drug injection. 
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Since isoproterenol, tachycardia induced by atrial pacing, propranol- 
ol and hyaluronidase alter the extent and severity of cardiac damage 
after coronary occlusion, their effects on the function of the severely 
ischemic heart were studied. In 40 dogs, blood from the femoral ar- 
tery perfused the cannulated left coronary artery with flow controlled 
by a roller pump. Total left coronary blood flow was reduced pro- 
gressively every 3 minutes from a control value of 84.2 ml/min per 
100 g of left ventricular myocardium until mean left atrial pressure 
exceeded 20 mm Hg. In control runs, coronary blood flow decreased 
by 49 percent; with infusion of isoproterenol (0.08 «g/kg per min) 
coronary blood flow was reduced by only 24 percent (no. — 12, P 
<0.01); after pretreatment with propranolol (1 mg/kg) coronary 
blood flow could be reduced by 55 percent (no. — 8, P «0.05); and 
after pretreatment with hyaluronidase (2,000 National Formulary 
units/kg) coronary blood flow could be reduced by 65 percent (no. 
= 6, P <0.01) until left atrial pressure increased to 20 mm Hg. With 
coronary blood flow at 67 ml/min per 100 g, that is, at 75 percent of 
control value, left atrial pressure averaged 4.9 mm Hg at a heart 
rate of 120 beats/min and increased to 12.7 mm Hg (no. = 9, P 
<0.01) at a heart rate of 165 beats/min. Thus, contrary to the ef- 
fects of isoproterenol and tachycardia in the normal and failing non- 
ischemic heart, these interventions depress left ventricular function 
in the severely ischemic heart, whereas propranolol and hyaluron- 
idase improve this function. The effects of these interventions on 
ventricular function parallel those produced by these same interven- 
tions on the extent and severity of myocardial injury in the presence 
of coronary occlusion. 


Death in patients hospitalized for acute myocardial infarction is 
mainly due either to electrical instability or to pump failure. Al- 
though death due to primary arrhythmias has been curtailed by 
monitoring and new antiarrhythmic therapy, acute pump failure, as 
manifested by pulmonary edema or cardiogenic shock, or both, still 
has an extremely poor prognosis.1-5 

Three main approaches to the treatment of acute pump failure 
due to coronary artery disease have been taken: (1) improvement of 
the state of the peripheral circulation, (2) improvement of the con- 
traction of the uninfarcted myocardium, and (3) reduction in the 
amount of myocardial necrosis by protection of reversibly injured tis- 
sue. Results of the first approach, the classic treatment with pressor 
agents, are unsatisfactory in most cases. Although inotropic agents 
such as isoproterenol and digitalis glycosides may improve contrac- 
tility in cardiogenic shock,9 they increase myocardial oxygen de- 
mands and, when oxygen supply is limited, as in patients with acute 
myocardial infarction, they may be responsible for extending the 
area of the necrotic zone.7?.8 
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Patients with coronary artery disease may have 
portions of the myocardium supplied by relatively 
normal vessels and other portions in which flow is 
delivered by greatly narrowed arteries. In patients 
with very severe coronary artery disease and in those 
whose condition evolves to cardiogenic shock, the 
portions of the myocardium perfused by narrowed 
vessels presumably predominate. In these regions, 
the action of drugs that alter the balance between 
energy supply and demand may have unusual effects 
since the narrowed vessels are unable to deliver aug- 
mented blood flow when myocardial oxygen de- 
mands are increased. It was therefore of interest to 
determine whether and in what manner ischemia 
modifies the effects of drugs on myocardial function. 


Methods 


The study was carried out in 40 mongrel dogs of both 
sexes weighing 20 to 34 kg. The preparation is illustrated 
in Figure 1. The animals were anesthetized with intrave- 
nous administration of sodium thiamylal, 25 mg/kg, and 
anticoagulated with heparin (5 mg/kg intravenously). 
Small supplementary doses of sodium thiamylal were used 
throughout the procedure as necessary. All animals under- 
went endotracheal intubation and were maintained on ar- 
tificial respiration (100 percent oxygen) with a Harvard 
respirator (model 607, Harvard Apparatus Co., Millis, 
Mass.). 

A left thoracotomy was performed and the second 
through fifth ribs were removed. The heart was suspended 
in a pericardial cradle. A catheter inserted into the right 
jugular vein was used for the administration of drugs. Ar- 
terial pressure was recorded through the right carotid ar- 
tery. The right iliac artery was cannulated, and the distal 
end of the cannula was attached to a constant pressure 
bottle filled with blood obtained from a donor dog. Stimu- 
lating electrodes were sutured to the right atrium and the 
heart was paced when so desired with an electrical stimu- 
lator (Stoelting Co., Chicago, Ill.). Polyethylene cannulas 
were placed in the left and right atria for pressure record- 
ings. A wide bore stainless steel cannula was placed 
through the apex of the left ventricle for recording of pres- 
sure. The abdominal aorta was cannulated through the 
left iliac artery and connected to a roller-type pump that 
propelled the blood through a modified Gregg cannula to 
the main left coronary artery. This cannula was intro- 
duced through the left brachial artery and tied to the 
main left coronary artery, which had previously been dis- 
sected from the adjacent tissue. 

During the experimental procedure, pressures were re- 
corded from the left and right atria, left ventricle, aorta 
and the Gregg cannula using a Statham P23db pressure 
transducer. These pressures and an electrocardiographic 
lead were recorded on an oscillograph. 

Experimental procedures: All experiments began with 
the mean pressure in the Gregg cannula comparable to 
the mean pressure in the aorta; this was achieved by ad- 
justing the speed of the roller pump. Subsequently, with 
arterial pressure and heart rate maintained constant, the 
speed of the roller pump—and thus coronary blood flow— 
was reduced in steps every 3 minutes until the mean left 
atrial pressure increased to 20 mm Hg or more. At this 
point, coronary perfusion was returned to the previous 
level and the preparation was allowed to stabilize for at 
least 20 minutes. 


PRESSURE 
BOTTLE 





FIGURE 1. Schematic representation of the experimental prepa- : 
ration. LA = left atrium; LV = left ventricle; RA = right atrium; 
RV = right ventricle; SG = strain gauge; STIM = stimulator. 


The effects of isoproterenol, propranolol and hyaluron- 
idase were studied in this manner. In 12 experiments, 
isoproterenol was infused in an average dose of 0.08 ug/kg 
per min before either the first or second run, the other 
serving as the control. In eight experiments, propranolol, 1 
mg/kg, was injected intravenously as a bolus 10 minutes 
before the second run. In six experiments, hyaluronidase, 
2,000 National Formulary units/kg, was injected 10 min- 
utes beforethe second run. 

In other experiments, infusion of isoproterenol or the in- 
crease in heart rate induced by atrial pacing was carried 
out during the course of the second run which, like the 
first (control) run, was begun without any intervention. 


Results 


Control: When two successive runs without any 
intervention were carried out, the level of left atrial 
pressure rose above 20 mm Hg at the same level of 
coronary flow (Fig. 2). In the control runs, with a 
heart rate of 147 + 3 beats/min (mean + standard 
error of the mean) and a mean arterial pressure of 
100 + 1 mm Hg, left atrial pressure increased to 
more than 20 mm Hg when left coronary blood flow 
was reduced by 49 percent from an average of 84.2 to 
42.8 ml/min per 100 g of left ventricular myocar- 
dium (no. = 19, P < 0.01). When left atrial pressure 
had increased from 3.5 + 0.6 to 20 mm Hg, the in- 
crease in left ventricular end-diastolic pressure was 
comparable (from 3.0 + 0.5 to 21 mm Hg). 

Isoproterenol: To study the effects of isoprotere- 
nol, the drug was administered intravenously in an 
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FIGURE 2. Effect of reduction in coronary blood flow on left 
atrial pressure during two successive control runs. Mean left 
atrial pressure (LAP) is shown on the ordinate; left coronary 
blood flow (L C flow), which was reduced stepwise every 3 min- 
utes, is shown on the abscissa. During both runs mean left atrial 
pressure increased with similar reductions in left coronary flow. 
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FIGURE 3. An example of the effect of isoproterenol infusion. 
The first run was carried out during an infusion of isoproterenol 
at a rate of 0.06 ug/kg per min. The second run was performed 
without any intervention (control). Left coronary blood flow (L C 
flow), which was decreased stepwise every 3 minutes, is on the 
abscissa. Note the decrease in mean left atrial pressure (LAP) 
with isoproterenol infusion during the first 3 minutes followed by 
a prompt and early increase to more than 20 mm Hg. The 
hatched area indicates the reduction in mean left atrial pressure 
(that is, improvement in ventricular function) at a normal or 
minimally reduced rate cf coronary blood flow. The stippled 
area indicates the increase in mean left atrial pressure (that is, 
impairment of ventricular function) with reduced coronary blood 
flow. 














20r ? 
| 
'er J 
E / 
LAP (mmHg) 2 - 5 
x 
L 2 
8 ok 
ee 
4L ee 
-— 
oe——o —— o — — AN 
A SSeS SN 2L ls 4 
MINUTES © 3 6 9 12 15 18 21 
=| 1 1 = EM: =| 





L 
LC FLOW (ml/min) 90 79 69 58 45 32 


FIGURE 4. An example of the effect of isoproterenol when ad- 
ministered after initiation of a run. The first run (open circles) is a 
control run; the second run started as a control run and, when 
isoproterenol infusion was started at 9 minutes, with limited left 
coronary blood flow, there was a transient decrease in mean left 
atrial pressure (LAP) followed by a precipitous increase in mean 
left atrial pressure to more than 20 mm Hg. 


average dose of 0.08 ug/kg per min during either the 
first or the second run. During the runs with isopro- 
terenol (with mean arterial pressure and heart rate 
held constant and equal to that in control runs), left 
atrial pressure rose to levels exceeding 20 mm Hg 
when left coronary blood flow decreased only from 92 
+ 7 to 70 + 9 ml/min per 100 g of left ventricular 
myocardium (no. = 12). This decrease was signifi- 
cantly (P <0.01) less than the increase that occurred 
in the control runs in the same dogs (90 + 6 to 47 + 
5 ml/min per 100 g). Figure 3 is an example in which 
the run with isoproterenol was carried out first, fol- 
lowed by a control run. When coronary blood flow 
was only slightly reduced below the control level, 
isoproterenol caused a reduction in mean left atrial 
pressure. However, with isoproterenol infusion mean 
left atrial pressure increased to 20 mm Hg at a much 
higher level of flow than during the control occlu- 
sion. 

Figure 4 illustrates an experiment in which, after 
the initial control run, isoproterenol infusion was 
started in the course of a second run. In this case 
there was a transient slight reduction in mean left 
atrial pressure, but this was promptly reversed and 
left atrial pressure increased to exceed 20 mm Hg at 
a level of coronary flow (58 ml/min) that had been 
well tolerated during the control run (that is, in the 
absence of isoproterenol). Therefore, even when ad- 
ministration of isoproterenol started after the begin- 
ning of a run, it caused deterioration of left ventricu- 
lar function when coronary blood flow was restricted. 

Propranolol: To study the effects of propranolol, 
this drug was administered in a dose of 1 mg/kg in- 
travenously as a bolus injection 10 minutes before 
the second run in eight experiments. Initially, that 
is, before the reduction of coronary blood flow, pro- 
pranolol resulted in a slight increase in mean left 
atrial pressure (from 3.2 + 0.5 to 5.5 + 0.4 mm Hg). 
However, when coronary blood flow was reduced, 
blood flow levels lower than in the control runs could 
be tolerated until mean left atrial pressure increased 
to more than 20 mm Hg (Fig. 5). In these eight ex- 
periments, during the control runs mean left atrial 
and left ventricular end-diastolic pressure levels 
reached 20 mm Hg when coronary blood flow had 
been reduced from 84 + 5 to 46 + 3 ml/min per 100 
g whereas, after administration of propranolol, left 
atrial and left ventricular end-diastolic pressures 
reached this level after coronary blood flow had been 
significantly reduced to 38 + 4 ml/min per 100 g (P 
<0.01). Thus, propranolol, in spite of its depressant 
action in the nonischemic myocardium, improved 
the function of the severely ischemic ventricle. 

Hyaluronidase: The administration of hyaluron- 
idase, 2,000 National Formulary units/kg intrave- 
nously, as a bolus 10 minutes before the second run 
also improved the performance of the ischemic ven- 
tricle. In the control runs left coronary blood flow 
was decreased from 100 + 6 to 50 + 5 ml/min per 
100 g when the mean left atrial and left ventricular 
end-diastolic pressure levels exceeded 20 mm Hg 
whereas, after hyaluronidase, left coronary blood 
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flow could be reduced to a significantly lower value 
(P <0.01) that is, 35 + 5 ml/min per 100 g before 
mean left atrial pressure increased to 20 mm Hg. 
Figure 6 is an example of such an experiment. 

Tachycardia: The effects of tachycardia were 
studied in nine other experiments in which two runs 
were carried out. The first run was a control run. In 
the course of the second run, right atrial pacing, in- 
creasing the heart rate from 120 + 6 to 165 + 12 
beats/min was instituted when coronary blood flow 
had been reduced by an average of 25 percent (from 
89 + 5 to 67 + 5 ml/min per 100 g). With this re- 
duced level of coronary blood flow, tachycardia 
caused a significant increase in left atrial pressure, 
from 5 + 1to 12 + 2mm Hg (P <0.01). 


Discussion 


Study of the actions of drugs on the heart is car- 
ried out mainly in the normal or the failing nonisch- 
emic heart.?14 Extensive studies have also been car- 
ried out in the moderately ischemic heart or in anox- 
ic muscles.1?.16 However, none of these situations 
mimic the severely ischemic heart in which, because 
of extensive coronary sclerosis, the arterial lumina 
are narrowed and unable to dilate and adapt the 
flow to the metabolic needs as they do in nonisch- 
emic or only moderately ischemic hearts. Since pa- 
tients with acute myocardial infarction and acute 
heart failure, manifested by pulmonary edema or 
cardiogenic shock, or both, exhibit widespread and 
severe narrowing of the coronary arteries, the goal of 
our study was to investigate the action of interven- 
tions in the flow-limited ischemic heart. The model 
used in these experiments!* enabled us to analyze 
the point of appearance of a specific level of depres- 
sion of left ventricular function consequent to alter- 
ations in total left coronary flow (which comprises at 
least 85 percent of the total coronary blood flow in 
the dog)!5 while maintaining arterial pressure and 
heart rate constant. This experimental model mimics 
the situation existing in patients with widespread 
narrowing of the coronary arteries in which blood 
flow is not determined by the metabolic needs of the 
heart as it is when coronary dilation can occur. 

The interventions investigated in this model in- 
cluded administration of isoproterenol, which is used 
to treat patients with ischemic heart disease and 
pump failure®.6.19-22 but which may increase infarct 
size after coronary occlusion while improving the 
function of nonischemic or focally ischemic hearts,?: 
8,23-25 and propranolol and hyaluronidase, which 
have been shown experimentally to reduce infarct 
size after coronary arterial occlusion.?.8.26.27 

Isoproterenol: This drug is known to be a positive 
inotropic agent and to improve cardiac function in 
the normal, nonischemic failing and moderately 
ischemic heart, both in experimental animals and in 
patients, increasing also the contractility of isolated 
cardiac muscle.9-1* This property, added to its mild 
peripheral vasodilatory action, suggested its poten- 
tial usefulness in the treatment of cardiogenic 
shock.9.29 However, the clinical effectiveness of iso- 
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FIGURE 5. An example of the effects of propranolol. The first 
run is a control run. The second run was carried out after pre- 
treatment with propranolol, 1 mg/kg. Note the increase in mean 
left atrial pressure (LAP) after the administration of propranolol 
at a normal level of left coronary blood flow; however, after pro- 
pranolol a mean left atrial pressure level exceeding 20 mm Hg 
was reached only when left coronary flow had been reduced 
further than in the control run. The hatched area indicates the 
increase in mean left atrial pressure (that is, impairment in ven- 
tricular function) at a normal or slightly reduced level of coro- 
nary blood flow. The stippled area indicates decrease in mean 
left atrial pressure (that is, improvement in ventricular function) 
with more severely reduced coronary blood flow. 


1 
© Control 
28 


e Hyoluronidase 









24- 
20 I 


LAP (mmHg) 16 














4L er 
1 re 1 E 1 1 2 
MINUTES O 3 6 9 12 15 18 ?1 
L 1 1 1 1 4 L J 
LC FLOW (mi/min) 76 66 55 50 45 39 34 


FIGURE 6. An example of the effects of hyaluronidase. The first 
run is a control run and the second run was carried out after 
pretreatment with hyaluronidase, 2,000 National Formulary 
units/kg. Note that after administration of hyaluronidase, mean 
left atrial pressure (LAP) increased to more than 20 mm Hg at 
a lower level of left coronary blood flow (L C flow) than in the 
control run. 


proterenol is controversial and overall results with its 
use in this condition have been disappointing.!.5.19-22 
Also, studies of the administration of this agent in pa- 
tients with different degrees of chronic coronary ar- 
tery disease have shown that, although most patients 
had improved left ventricular function, others with se- 
vere coronary disease exhibited poorer function?*.25 
and lactate production.?8.29 The results of our in- 
vestigation show that, in the presence of restricted 
coronary blood flow, the administration of isoproter- 
enol causes rapid deterioration of ventricular func- 
tion. This finding, when combined with the observa- 
tion that the drug increases infarct size after coro- 
nary occlusion,?.5 may explain some of the deleteri- 
ous effects of isoproterenol in patients with cardi- 
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ogenic shock.?!.39 Our findings are also consistent 
with studies of the mechanical performance of isolat- 
ed rat trabecular muscle subjected to hypoxia which 
showed that isoproterenol induces an initial im- 
provement in contractility followed by a rapid de- 
cline in performance and the premature appearance 
of contracture.31 Similarly, increase of or shift to lac- 
tate production after administration of isoproterenol 
to patients with shock associated with acute myocar- 
dial infarction reflects the exacerbation of hypoxia re- 
sulting from the increase in myocardial oxygen con- 
sumption produced by the drug; this exacerbation of 
hypoxia probably forms the basis of the deleterious ef- 
fects of the drug in this setting.9? The variable ef- 
fects of isoproterenol on left ventricular function in 
patients with chronic ischemic heart disease,?4.25 as 
opposed to those with acute myocardial infarction 
and pump failure, may be dependent on the severity 
and extent of coronary artery disease. 

Tachycardia: Like isoproterenol, tachycardia im- 
proves myocardial performance in anesthetized ani- 
mals and augments myocardial oxygen demand.? In 
our experiments with restricted coronary blood flow, 
when heart rate was increased by means of atrial 
pacing, left atrial and left ventricular end-diastolic 
pressures increased, reflecting a deterioration of left 
ventricular function, presumably because the in- 
creased myocardial oxygen demands resulted in an 
imbalance between myocardial oxygen availability 
and requirements. The effects of electrical pacing in 
patients with coronary artery disease with and with- 
out angina have been studied in detail,33736 and it 
has been shown that increasing the heart rate may 
induce lactate production and depress ventricular 
performance in some patients. These changes are 
more pronounced in patients with severe coronary 
artery disease than in those with less severe disease. 

Propranolol: This agent is known to depress func- 
tion both in the failing and in the nonfailing, non- 
ischemic hearts.37 In patients with ischemic heart 
disease, propranolol also has been shown to depress 
left ventricular function.38-49 However, these pa- 
tients did not have pump failure due to acute myo- 
cardial infarction, and the degree of their coronary 
arterial involvement was variable and generally not 
severe. In contrast, Wolfson et al.41 found variable 
effects of propranolol on cardiac index and an im- 
provement in several indexes of left ventricular func- 
tion in some patients. It was of special interest to 
study the effects of propranolol in this model of the 
severely ischemic heart, since propranolol has been 
shown to reduce infarct size after coronary occlu- 
sion.7.8.?7 In our investigation, propranolol appeared 
to protect the heart from ventricular failure since coro- 
nary blood flow could be reduced to lower levels than 
under control conditions until mean left atrial pres- 
sure increased. Thus, our results could explain the 
improvement in cardiac index produced by this drug 
in some patients with coronary artery disease.4! 
They are in accord with the recent observations42 
that in patients with acute myocardial infarction, 
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the administration of propranolol improves myocar- 
dial metabolism. 

This action of propranolol may be explained by its 
effects on myocardial oxygen consumption. By re- 
ducing myocardial oxygen needs, it establishes a 
more favorable balance between supply and demand, 
and coronary blood flow can become further reduced 
before left ventricular function deteriorates. 

Hyaluronidase: This enzyme does not change left 
ventricular function in the normal heart and does 
not exert a direct effect on the function of the canine 
heart after occlusion of the left anterior descending 
coronary artery.26 However, it is capable of reducing 
infarct size after coronary arterial occlusion.26 We 
therefore investigated its action on the function of 
the ischemic heart and observed that, like propran- 
olol, hyalurónidase allows reduction of coronary 
blood flow to lower levels than in the control group 
before cardiac function deteriorates. Hyaluronidase 
depolymerizes hyaluronic acid and thus facilitates 
the transport of substances through the interstitium. 
It has been suggested that its action may increase 
the quantity of substrate necessary for energy pro- 
duction available to the ischemic myocardium.?6 
This property may be responsible for the ameliora- 
tion of left ventricular function in the ischemic ' 
heart. 

Clinical implications: The results of our study 
should be extrapolated to patients only with extreme 
caution. The experimental model rapidly and pro- 
gressively reduces coronary blood flow whereas arte- 
riosclerosis usually progresses slowly and gradually 
and may permit adaptive mechanisms to develop. 
Also, blood flow is probably not uniformly reduced 
through all vessels in most patients with coronary 
artery disease. Our model probably corresponds to 
that in patients with advanced "three vessel disease" 
with little capacity for increasing flow in the pres- 
ence of ischemia. Moreover, our experiments differ 
from the clinical situation in that they were per- 
formed in dogs under the influence of anesthesia and 
after an extensive surgical procedure. Nevertheless, 
experiments with this model enabled us to study 
some pharmacologic aspects of the ischemic heart. 
The effects of the various interventions on ventricu- 
lar performance were found to be determined largely 
by the conditions of the coronary vascular bed, and 
differed in the ischemic, flow-limited heart from ef- 
fects observed in the presence of unrestricted coro- 
nary blood flow. Specifically, isoproterenol and pro- 
pranolol, drugs widely used in clinical practice in pa- 
tients with coronary artery disease, have effects op- 
posite to those noted in the nonischemic heart. 
When coronary blood flow is unrestricted, the in- 
creased oxygen need evoked by positive inotropic in- 
terventions such as isoproterenol or tachycardia can 
be met and ventricular performance improved. How- 
ever, when coronary flow is restricted, the increased 
metabolic demands intensify ischemia and, by anal- 
ogy, in patients with diffuse obstructive coronary 
disease, positive inotropic interventions may depress 
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ventricular performance. Thus, the deleterious ef- 
fects of isoproterenol and tachycardia should caution 
us about the use of the former and the influence of 
the latter in patients with severe and extensive coro- 
nary artery disease. In contrast, propranolol, which 
depresses the function of the nonischemic ventricle 
through its oxygen-sparing action, permits establish- 
ment of a more favorable balance between oxygen 
supply and demand when coronary blood flow is re- 
stricted, and in this manner it paradoxically im- 
proves overall ventricular performance. These effects 
of the interventions on the function of the acutely 
ischemic left ventricle are concordant with their ef- 
fects on infarct size described earlier.7.8.26.27,43.44 


Presumably, the same properties of these interven- 
tions which alter infarct size after coronary occlusion 
affect the function of the acutely ischemic heart. 
Therefore, these properties of the drugs found in the 
experimental setting could be of importance in the 
treatment of patients with ischemic heart disease 
secondary to diffuse coronary vascular disease who 
experience acute heart failure after acute myocardial 
infarction. 
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The prophylactic use of procainamide and lidocaine in patients with 
acute myocardial infarction has been limited by concern for possible 
hypotension and further myocardial depression. Therefore, we inves- 
tigated the hemodynamic effects of these two drugs in dogs before 
and after experimental myocardial ‘infarction produced by selective 
coronary arterial ligation. In addition, we analyzed the data for possi- 
ble additive or synergistic depressive effects of the drugs in combi- 
nation after the experimental infarction. After coronary ligation, infu- 
sion of lidocaine (4 mg/kg body weight) produced significant (P 
<0.05) decreases of 14 percent in mean aortic pressure, 32 percent 
in left ventricular dP/dt and 25 percent in cardiac output. Infusion of 
procainamide (30 mg/kg over 5 minutes) produced similar results; 
decreases of 20 percent in mean aortic pressure, 30 percent in 
dP/dt and 28 percent in cardiac output. These hemodynamic values 
were not significantly different from those obtained before ligation. 
Sequential simultaneous administration of procainamide and lido- 
caine at the same dose levels after infarction produced additive de- 
pressive hemodynamic effects in these variables; decreases of 21 
percent in mean aortic pressure, 55 percent in dP /dt and 39 percent 
in cardiac output. We conclude that the two drugs have additive 
negative inotropic effects and should be given cautiously in combi- 
nation. 


Lidocaine and procainamide are both used effectively as antiarrhyth- 
mic drugs in many clinical settings. Initial studies have shown that 
lidocaine in therapeutically effective doses has no significant nega- 
tive inotropic effect in patients with heart disease.'-? This lack of 
depression of left ventricular function suggests that lidocaine is a 
more ideal antiarrhythmic agent for intravenous use than procainam- 
ide, which is known to produce circulatory depression.* More re- 
cent studies have shown that lidocaine is not, as previously thought, 
totally devoid of adverse hemodynamic effects in animal prepara- 
tions.9-? Several published reports have specifically compared the 
hemodynamic effects of lidocaine and procainamide. Procainamide 
had a less depressive effect than lidocaine on contractility in isolated 
guinea pig ventricular strips? and isolated rat heart preparations." In 
dogs, a 10 mg/kg intravenous dose of procainamide produced less 
decrease in left ventricular dP/dt and less increase in left ventricular 
end-diastolic pressure and volume than lidocaine produced at half 
the dose of procainamide.® Austen and Moran? found similar results 
in dogs with separated central and peripheral circulations. These in- 
vestigators also documented an inotropic effect with small doses of 
procainamide. 

A recent clinical study showed no measurable depressive effects of 
procainamide or lidocaine in patients with acute myocardial infarc- 
tion.1? The results imply that neither drug has significant adverse 
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TABLE | 
Study Protocol 





|. Control measurements 
Il. Preinfarction drug administration 
A. Set 1, procainamice infusion over 5 minutes; Set 2, 
lidocaine bolus injection 
B. Reestablishment of near control values 
C. Set 1, lidocaine bolus injection; Set 2, procainamide infu- 
sion over 5 minutes 
Ill. Control measurements 
IV. Myocardial infarction 
A. Serial ligations over 20 minutes 
B. Control measurements 40 minutes after last ligation 
V. Postinfarction drug administration 
A. Repeat of preinfarction sequence of drug administration 
B. Procainamide infusion over 5 minutes and bolus injection 
of lidocaine 2 minutes after start of procainamide 
infusion in all eight animals 





hemodynamic effects. However, lidocaine and pro- 
cainamide are frequently used in combination, par- 
ticularly for drug-resistant ventricular arrhythmias, 
although to our knowledge the effect of this drug 
combination has not been studied in either experi- 
mental animals or man. The purpose of this study 
was (1) to determine the hemodynamic effects of the 
combination of procainamide and lidocaine after ex- 
perimental myocardial infarction in dogs, and (2) to 
learn whether this combination has additive or syn- 
ergistic effects. 


Methods 


Twelve adult healthy mongrel dogs weighing 14.5 to 
19.0 kg were anesthetized with a mixture of 65 mg/kg of 
chloralose and 400 mg/kg of urethane administered intra- 
venously. Additional doses were administered to maintain 
moderately deep levels of anesthesia, and control hemody- 
namic values were reestablished before subsequent study. 
Each dog was ventilated with room air by a cuffed endo- 
tracheal tube connected to a Harvard respirator. Arterial 
blood pH and carbon dioxide and oxygen tension levels 
were monitored with a model AME-1 Astrup blood gas 


TABLE II 


analyzer before and after each drug intervention. The res- 
piratory volume and rate were adjusted to maintain 
blood pH and arterial oxygen tension at 7.40 + 0.05 (stan- 
dard error of the mean) and 95 + 10 mm Hg, respectively. 
Body temperature was maintained with a fluid-filled tem- 
perature control blanket. 

A sternum-splitting mid-line thoracotomy was per- 
formed, and the pericardium was incised to expose the 
heart. The right jugular vein was cannulated with a PE 
260 catheter for administration of drugs and fluid. The 
dog was fitted with instruments for measurements of left 
atrial, aortic and left ventricular pressures, left ventricu- 
lar dP/dt and aortic flow, as previously described.!! The 
myocardial infarction was produced in 12 dogs by ligation 
of the largest posterior branch of the left circumflex artery 
as close as possible to its origin. Serial ligation of diagonal 
branches of the left anterior descending artery not specifi- 
cally supplying the septum was then accomplished over a 
20 minute period. Four dogs died of ventricular fibrilla- 
tion; the remaining eight dogs survived, and 40 minutes 
were allowed for hemodynamic stabilization. 

At the end of each study, the extent of infarcted myo- 
cardium was determined by injecting Evans blue solution 
into the right and left coronary arteries through the ostia, 
at a mean pressure of 100 mm Hg. The left ventricular 
free wall and septum were then dissected free from the re- 
mainder of the heart. The unstained unperfused and in- 
farcted portion of the left ventricle and septum was sepa- 
rated from the stained uninfarcted muscle, weighed and 
expressed as percent weight of the total left ventricular 
free wall and interventricular septum. 

The study group comprised two sets of four dogs. One 
set received sequentially procainamide (30 mg/kg) and 
then lidocaine (4 mg/kg) before and after myocardial in- 
farction; the other set received the drugs in reverse se- 
quence before and after infarction. The sequence of drug 
administration is shown in Table I. Procainamide was ad- 
ministered by means of a Harvard infusion pump over a 5 
minute period and lidocaine was given intravenously as a 
bolus injection. In both sets of four dogs, the drugs were 
administered independently, with a time interval allowed 
until near control values were reestablished. At the end of 
each study, lidocaine and procainamide were infused im- 
mediately after each other. Procainamide (30 mg/kg) was 
administered intravenously by means of a Harvard infu- 
sion pump over a 5 minute period, and lidocaine (4 mg/ 
kg) was given intravenously as a bolus injection 2 minutes 


Response to Coronary Arterial Ligation in Eight Dogs (means + SEM) 


IN EE CM E Ku CERA RE TE a SIS VEO: RT AUN DES EE EE i SS 


Preinfarction Absolute Significance 
Control ; Response Change 95 Change of 95 Change 
a ve rap A Us SR EIE zs Ad denies BE a te HY ES hehe et 
AoP 120.92- 8.4 110+ 9.6 —10.9+ 2.3 —9.92- 2.4 P «0.01 
SVR 26.0-- 1.9 32.94 3.0 +6.9+ 1.7 726.14 7.1 P «0.01 
co 4.7+0.4 3.4+0.3 —1.3+ 0.2 —27.3+ 3.1 P «0.01 
LV dP/dt 6387 + 778 4619 + 615 —1770- 2.3 —28.1+ 2.3 P «0.01 
HR 181.32- 6.9 182.5+ 6.2 +1.3+ 4.4 +1.03+ 2.4 NS 
LAP 7.14 0.6 9.4+0.6 +2.3+0.1 +35.2+ 5.8 P «0.01 


AoP — aortic pressure (mm Hg); CO — cardiac output (liters/min); HR = heart rate (beats/min); LAP = left atrial pressure (mm Hg); 
LV dP/dt = rate of change of left ventricular pressure (mm Hg/secy; NS = not significant; P= probability; SEM = standard error of the 


mean; SVR = systemic vascular resistance. 
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FIGURE 1. Illustration of response in Dog 
3. The changes in left ventricular dP/dt, 4500 
cardiac output and mean aortic pressure 4000 
are of similar magnitude for each of Lv 
these three variables. Decreases after dp/at 3500 
coronary arterial ligation and the re- " 
sponses to procainamide and lidocaine 3000 
before and after myocardial infarction are 2500 
indicated. The duration of action of each 
agent after myocardial infarction is longer 2000 
than in the control period. C.A.L. — coro- 1500 
nary arterial ligation; CO — cardiac out- 
put (liters/min); LIDO = lidocaine; LV 1000 
dp/dt — rate of change of left ventricular TIME (MIN) P 15 30 t 90 105 120 135 
pressure; MAP = mean aortic pres- t t [ t t t 
sure; PROC = procainamide; STAB = DRUG PROC LIDO C.A.L.& PROC LIDO PROC & 
stabilized. INTERVENTION STAB. LIDO 
after the start of the infusion of procainamide. Readings response in all eight surviving dogs (Table II). There 
were taken at 1, 2, 3, 4, 5, 10, 15 and 20 minute intervals was a significant reduction in cardiac output, aortic 
after the administration of each drug. mean pressure and left ventricular dP/dt, and a sig- 


The data were analyzed with an IBM 360/50 digital 
computer programmed to calculate means and standard 
errors of the mean, using paired and unpaired t tests for 
determination of significance. 


nificant increase in left atrial pressure and systemic 
vascular resistance. There was no statistically signif- 
icant change in heart rate. The extent of myocardial 
infarction by weight for the eight dogs was 36 per- 


Results cent + 4 percent (standard error of the mean), and 
Response to coronary arterial ligation: Ligation there was no statistical difference between the two 
of coronary arteries produced a uniform, long-lasting groups of dogs. 


TABLE Ill 


Responses to Procainamide and Lidocaine Before and After Coronary Arterial Ligation in Eight Dogs (means + SEM) 


(GU UP Aerea cte A a a EE D EET T MU IR KT SERMSNENEED SERSENEZCTUE RET 








Procainamide (maximal % change)* Lidocaine (maximal 95 change)* 
Before Ligation After Ligation Before Ligation After Ligation 
dE MG Ne Re OE 0x - 0. c PUE CAE OI) MEE LET CREE eee o 0 Je ee er SETA NM ERBEN UA 
Mean AoP —25.3+ 5.2 —20.3+ 3.1 —14.7 + 3.8 —13.6+ 3.1 
SVR +15.0 + 7.6 (NS) +17.2 + 7.9 (NS) +13.6 + 6.7 (NS) +9.0 + 9.3 (NS) 
co —33.3 + 4.8 —28.2 + 6.6 —22.4 + 3.5 —25.1 + 4.3 
LV dP/dt —40.1 + 4.4 —29.9 =+ 4.2 —27.0 + 4.9 —31.5+ 2.7 
HR —20.1+ 3.1 —15.7+ 3.0 —12.9 4 1.3 —10.0+ 2.0 
LAP +6.7 + 4.8 (NS) +10.9 3.1(NS) +19.1+ 4.8 (NS) +26.1 + 5.7 (NS) 


AR Nue a S NES RAS QR LUN cp eO SSS SS oe 


* All changes for each drug were significant at the P «0.05 level when compared to control values, except as indicated (NS). None of 
the changes for either drug were statistically significant when values obtained after coronary arterialligation were compared with those 
obtained before ligation. 

Abbreviations as in Table II. 
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TABLE IV 

Responses to Simultaneous Administration of Both Drugs 
Compared with Sum of Individual Responses After 
Coronary Arterial Ligation in Eight Dogs (means + SEM) 


Sum of % Changes %Change After Differ- Significance 





After Individual Simultaneous ^ encein of Difference 
Administration of | Administration 06 of % 
Each Drug of Both Drugs Change Changes 

Mean AoP —33.9+ 5.1 —31.3+ 3.5 2.6 NS 
SVR +26.1+ 7.8 +17.4+ 6.4 8.8 NS 
co —53.3 + 10.2 —38.9+ 2.6 14.4 P «0.05 
LVdP/dt 1—61.424- 5.75 —55.3 = 5.5 6.1 NS 
HR —25.7+ 4.4 —28.8+ 4.7 3 NS 
LAP +37.0 = 6.7 8424 15.3- 47.59: ^P <0:01 





Abbreviations as in Table II. 


Response to procainamide before and after 
myocardial infarction: The circulatory responses to 
procainamide before myocardial infarction were evi- 
dent within the first 5 minutes after administration 
of the drug (Fig. 1). A maximal decrease in left ven- 
tricular dP/dt occurred 5 minutes after infusion and 
was accompanied by decreases in heart rate, mean 
aortic pressure and cardiac output. However, there 
was no significant change in left atrial pressure or 
systemic vascular resistance (Table III). In three of 
the four dogs that received procainamide before cor- 
onary arterial ligation, left ventricular dP/dt tran- 
siently increased 1 minute after infusion. This in- 
crease was not seen when procainamide was infused 
after administration of lidocaine or after the creation 
of myocardial infarction. 

After myocardial infarction, the circulatory re- 
sponses to procainamide were similar in magnitude 
to those before infarction (Table III). However, max- 
imal depression occurred earlier (3 minutes after 
infusion) and was sustained until the end of the infu- 
sion period (5 minutes) (Fig. 1). It therefore appears 
that experimental myocardial infarction does not 
significantly alter the circulatory responses to pro- 
cainamide. 

Response to lidocaine before and after myocar- 
dial infarction: The circulatory response to the 
bolus injection of lidocaine was evident within the 
first 5 minutes after injection, and the maximal cir- 
culatory responses occurred almost invariably 1 min- 
ute after administration (Fig. 1). One minute after 
injection there were statistically significant decreases 
in left ventricular dP/dt, cardiac output and mean 
aortic pressure. Heart rate appeared to decrease sig- 
nificantly only after approximately 2 to 3 minutes. 
There were slight and insignificant increases in left 
atrial pressure and systemic vascular resistance 
(Table III). All circulatory changes returned to con- 
trol values within 10 minutes. After coronary arterial 
ligation, lidocaine produced similar changes (Table 
IMI), but values tended to return more gradually 
toward near control values (Fig. 1). It therefore ap- 
pears that myocardial infarction does not significant- 


ly alter the circulatory responses to lidocaine. The 
sequence of administration of the antiarrhythmic 
drugs did not alter the circulatory responses to the 
other drug when a sufficient time interval was al- 
lowed for reestablishment of control values. 
Responses to simultaneous administration of 
procainamide and lidocaine after myocardial in- 
farction: The circulatory responses to the immedi- 
ately sequential administration of procainamide and 
lidocaine were measured at the end of each study 
(Fig. 1) to determine possible additive or synergistic 
interaction of these drugs in combination. Since 
maximal depression after the infusion of procainam- 
ide or lidocaine after coronary arterial ligation oc- 
curred 3 minutes and 1 minute, respectively, after 
administration, lidocaine was injected 2 minutes 
after infusion of procainamide to obtain a maximal 
effect. Administration of procainamide over 5 min- 
utes, followed by administration of lidocaine, caused 
a more pronounced decrease in mean aortic pressure, 
cardiac output, heart rate and left ventricular dP/dt 
than independent administration of each drug 
(Table IV). We also observed a marked increase in 
left atrial pressure of 84.5 percent (average 7.5 mm 
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PROCAINAMIDE 
LIDOCAINE 


Y 
—- SUM OF INDIVIDUAL EFFECTS 


28 EFFECTS OF SIMULTANEOUS ADMINISTRATION 
OF BOTH DRUGS 

FIGURE 2. Changes in left ventricular dP/dt and cardiac output 
after administration of lidocaine and procainamide after coro- 
nary arterial ligation, expressed in percentage changes. All 
values are means and standard errors of the mean for eight ani- 
mals. Greater changes are seen after simultaneous administra- 
tion of both drugs, but these changes are not significantly differ- 
ent from the sum of the individual effects of each agent. 
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Hg to 13.9 mm Hg) in response to the simultaneous 


infusion of both drugs. 

To evaluate the possible additive or synergistic 
circulatory responses of lidocaine and procainamide, 
we compared the circulatory responses to the simul- 
taneous infusion of both drugs with the sum of the 
circulatory responses to each drug administered in- 
dependently in the postmyocardial infarction model 
(Table IV; see also Fig. 2 for values for left ventricu- 
lar dP/dt and cardiac output). Table IV shows that 
simultaneous administration resulted in additive 
changes in left ventricular dP/dt, mean aortic pres- 
sure, heart rate, cardiac output and systemic vascu- 
lar resistance. There was a four-fold increase in left 
atrial pressure in response to the simultaneous ad- 
ministration of the drug combination. 

Antiarrhythmic effects: Ventricular premature 
beats occurred frequently in all studies. Both drugs, 
alone and in combination, reduced the number of 
ventricular premature beats, but no difference in the 
response to either drug or the combination was ap- 


parent. ` ^ 
Discussion 


Experimental myocardial infarction produced by 
coronary arterial ligation in this dog model resulted 
in significant decreases in left ventricular dP/dt, car- 
diac output and mean aortic pressure and a signifi- 
cant increase in left atrial pressure and systemic vas- 
cular resistance. The extent of myocardial infarction 
by weight in this study averaged 36 percent. It ap- 
pears that this is a suitable model for depressed car- 
diac function following a myocardial infarction.!? 

Lidocaine and procainamide are frequently admin- 
istered to the same patient during the course of an 
acute myocardial infarction although the interaction 
of this drug combination during an acute myocardial 
infarction has not previously been studied. To evalu- 
ate the potential additive or synergistic circulatory 
depressant effects of these drugs, it was necessary to 
use drug dosages for the dog previously established 
to have an effect on myocardial function. The doses 
of lidocaine and procainamide were therefore slightly 
larger than those commonly used in human subjects, 
in whom 1 to 2 mg/kg of lidocaine is given by bolus 
injection,13.1* and procainamide is infused at a rate 
of 100 to 125 mg/min.15.196 Effective antiarrhythmic 
doses of procainamide in dogs with acute myocardial 
infarction are also larger than for man.1*-1? Several 
authors29.2! have recommended administration of 
large amounts of either drug to achieve successful 
control of severe ventricular arrhythmias when 
smaller doses of one of these two drugs fail. We also 
attempted to give equal antiarrhythmic doses of pro- 
cainamide and lidocaine, for comparison of their 
negative inotropic effects.?? 

Our study has demonstrated the individual de- 
pressive circulatory effects of lidocaine and procain- 


amide in the dog, both before and after experimental ` 


myocardial infarction produced by coronary arterial 
ligation, and the findings are in accordance with 
those of other studies.9.5.9 The transient positive 
inotropic effect of procainamide was observed, as 


previously described.*:9 The cause of this transient 
positive inotropic effect after intravenous adminis- 
tration is unclear, but may be a decrease in after- 
load, which frequently occurs after administration of 
procainamide. Similar decreases in left ventricular 
dP/dt and cardiac output were seen after adminis- 
tration of each drug, both before and after myocar- 
dial infarction. These results differ from results of 
other studies suggesting that, at least for procainam- 
ide, there are different hemodynamic responses in 
the diseased and in the normal heart.*:23.2* We were 
unable to document any increased sensitivity to the 
negative inotropic effect of procainamide after exper- 
imental myocardial infarction. The time of adminis- 
tration of procainamide could not explain this differ- 
ence, since it was given at least 60 minutes after the 
last coronary arterial ligation, at a time when it has 
been demonstrated that a myocardial infarction in 
the dog is fully established.25.26 

The use of left ventricular dP/dt to estimate the 
state of cardiac contractility when heart rate, filling 
pressure and peripheral resistance are permitted to 
change can cause serious errors. Our intent, however, 
was to study the agents under conditions in which 
they are frequently used in the clinical setting of 
acute infarction. In this setting, directional changes 
are the only factors considered significant, and pre- 
cise quantitative measures of left ventricular con- 
tractility are not attempted. 

Clinical implications: One important conclusion 
from our experimental study is that the combination 
of procainamide and lidocaine when administered 
over a short time interval after myocardial infarction 
may produce additive circulatory responses. When 
the individual percent decreases in left ventricular 
dP/dt and cardiac output for lidocaine and pro- 
cainamide are added, the sum is remarkably similar 
to the response occurring after simultaneous admin- 
istration of these drugs (Fig. 2). This finding is con- 
sistent with an additive negative inotropic effect of 
the drug combination. The marked increase in left 
atrial pressure (+84.5 + 15.3 percent) after simul- 
taneous drug administration was statistically 
higher than the sum of the individual drug responses 
(+35.8 + 6.8 percent) (P <0.01). Although this 
would suggest a synergistic effect on this hemody- 
namic variable, lack of confirmation by values for 
left ventricular dP/dt makes a definite conclusion 
impossible. 

Several authors?9.2! have recommended adminis- 
tration of large doses of either procainamide or lido- 
caine, or both, to achieve successful control of drug- 
resistant ventricular arrhythmias when standard 
doses fail. Experimental myocardial infarction pro- 
duced by coronary arterial ligation in the dog can 
only approximate conditions in man. However, our 
study suggests that there can be serious hemody- 
namic effects requiring consideration during drug 
administration. It would appear that sequential ad- 
ministration of lidocaine and procainamide in either 
order should be carried out cautiously in the patient 
with compromised myocardial function. 
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Three patients undergoing retrograde left ventricular catheterization 
experienced cerebral emboli with catastrophic neurologic conse- 
quences. In each instance, a Teflon-coated guide wire was used to 
facilitate passage through the aortic valve. This finding led to a de- 
tailed investigation of the procedures and materials used. The 
thrombogenicity of both Teflon and stainless steel guide wires was 
determined in 10 mongrel dogs. Clot formation was readily identified 
within a few minutes on all guide wires. In each instance clotting was 
significantly less on steel than on Teflon-coated wires (P <0.001). A 
benzalkonium chloride-heparin solution applied to the guide wires 
just before their introduction into the artery resulted in prolongation 
of the time required for clot formation. Further investigations should 
be performed with this solution. 

Although our experiments may not be directly applicable to man, 
we recommend that the increased thrombogenicity of Teflon-coated 
wires be considered. When such wires are needed, they should be 
used with caution and preferably only in the descending aorta for 
brief periods, or in conjunction with systemic heparinization. 


The occurrence of thromboembolism in the cardiac catheterization 
laboratory is a feared complication that haunts us all. Statistical evi- 
dence indicates that thrombosis occurs after arterial catheterization 
in 0.2 to 8 percent of cases! ? and that a systemic embolus occurs 
more rarely, usually in well under 1 percent of cases. Cerebral emboli 
have been particularly infrequent, with only 10 such events reported 
in the 12,000 catheterizations summarized by the cooperative study 
reported in 1968.1 In our laboratory three episodes of cerebral embol- 
ization occurred when Teflon®-coated guide wires were used during 
retrograde left ventricular catheterization. These catastrophic.events 
led us to a detailed investigation of the procedures and materials 
used.. This paper reports the results of our study and speculates on 
the probable source of emboli in our patients. 


Methods 


Ten mongrel dogs maintained in animal care facilities fully accredited by 
the American Association for Accreditation of Laboratory Animal Care were 
studied. They were anesthetized with pentothal and maintained on Flu- 
othane® with respiratory assist. With use of sterile precautions, a no. 7 
percutaneous Desilets-Hoffman sheath was placed in the femoral artery al- 
lowing easy introduction and removal of a catheter and guide wire. This 
method permitted visualization of fibrin deposits on the guide wire on removal 
from the sheath (Fig. 1). The time required for clot formation, detected by 
pulling the guide wire into the catheter immediately after both were removed 
from the artery (Fig. 2), was compared for Teflon-coated and stainless steel 
wires. Results in Teflon-coated wires made by newer double-bonded tech- 
niques were also compared with results in the original wires. Each dog 
served as its own control for comparison of clotting times on the different 
types of guide wires. The significance of the results was determined by use 
of Student's t test. 
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FIGURE 2. A typical clot formed during a 2 to 4 minute period 
within the distal aorta of a dog. Immediately after removal of the 
catheter and extended guide wire, the wire was pulled into the 
catheter and then reextended, leaving the piled-up clot near the 


tip. 


| MIN. TEFLON 


STAINLESS 
2 MIN. 
3 MIN. 
4 MIN. 
5 MIN. 


6 MIN. 


7 MIN. 


FIGURE 3. “Clotting time" of Teflon-coated vs. stainless steel 
guide wires. Each pair of connected dots represents one dog. 
(Student's t test, P <0.001.) 
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FIGURE 1. A catheter with guide wire ex- 
tencing well beyond its tip can readily be in- 
serted and subsequently withdrawn through 
the Desilets-Hoffman sheath. 


Results 


In 10 consecutive dogs clotting occurred more rap- 
idly on the Teflon-coated wires (Fig. 3). On the aver- 
age Teflon-coated wire, thrombin clot developed 2 
minutes sooner than on the stainless steel wires. This 
finding was statistically highly significant (P 
<0.001). Although the absolute values in minutes for 
"clotting time" in our study are not necessarily di- 
rectly applicable to man, the relative thrombogeni- 
city of Teflon in man appears likely. Although our 
study does not prove that these clotting times or the 
differences are clinically important, we believe that 
this possibility warrants consideration. 

The various bonding techniques afforded no differ- 
ence in the thrombogenetic property of the Teflon- 
coated wires. 


Discussion 


Teflon-coated guide wires were introduced in 1963 
and came into general use in 1968 to facilitate percu- 
taneous use of polyurethane catheters, which cling 
tenaciously to conventional steel wires.9 At that 
time, Judkins et al.8 reported that Teflon coating 
minimized clotting and fibrination in the guide in- 
terstices but offered no specific experimental evi- 
dence for this view. To our knowledge, no evidence 
has since been offered. 

The widespread acceptance of such coated wires 
without study of the possibility of clot formation 
parallels the earlier failure to consider clot formation 
on the outer surface of intravascular catheters. When 
finally, in the late 1960's, reports of clot formation 
on catheters appeared,?.5 Amplatz? stated, “It is in- 
teresting that such an important question has never 
been answered experimentally, and hundreds, thou- 
sands, or millions of catheterizations have been per- 
formed without ever considering the possibility that 
a clot could form on the outside of a catheter." Am- 
platz later reported the high rate of occurrence of 
clots on catheters left in an artery for greater than 30 
minutes and stressed that such clots formed most 
frequently on Teflon catheters.1° There is, then, 
some evidence to support our findings of increased 
thrombogenicity of Teflon-coated wires. Perhaps the 
low prevalence of embolic phenomena in the cooper- 
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ative cardiac catheterization report in 1968 was re- 
lated, at least in part, to the completion of this re- 
port before the widespread use of Teflon-coated 
wires. 

During the preparation of this manuscript, Frech 
et al.11 reported clot formation on guide wires using 
an identical experimental technique and stated that 
"contrary to common belief, teflonization of the 
guide wire does not significantly delay fibrin depos- 
its.” However, they did not indicate that Teflon- 
coating actually facilitates clot formation. 

Preventive measures: [n our studies, thrombin 
clot developed on the average Teflon-coated wire 2 
minutes sooner than it developed on stainless steel 
(Fig. 3, P «0.001). When we applied a benzalkonium 
chloride-heparin solution to both stainless steel and 
Teflon-coated wires, the time required for clot for- 
mation was prolonged (Fig. 4). The extent of this 
prolongation was considerably less than that re- 
ported by Frech et al,!! and the discrepancy is 
probably related to the method of application. We 
simply rubbed the solution on the wire with cotton 
or gauze immediately before inserting the wire into 
the dog's artery. Their method of application before 
gas sterilization permits ample drying and undoubt- 
edly provides better surface bonding of the heparin 
complex. Their preliminary studies in man suggest 


that this complex is nontoxic and deserves strong: 


consideration as a routine coating for arterial cathe- 
ters and guide wires alike.12.13 

Systemic heparinization may well be another way 
to avert clot formation on catheters. Several au- 
thors?.14.19 have reported that this procedure dis- 
tinctly reduces thromboembolic complications with- 
out causing serious bleeding problems even when per- 
cutaneous arteriographic techniques are used. Be- 
cause such anticoagulation during catheterization, 
particularly during procedures using percutaneous 
techniques, was previously thought to represent a 
serious potential hazard, this method has not been 
widely practiced. Jacobsson!$ reported that a poten- 
tially less dangerous yet effective means of reducing 
thromboemboli is pretreatment of patients with 
Dextran 70 (10 cc/kg body weight) for 2 to 4 hours 
ending 1 to 2 hours before catheterization. 

Since recognizing the increased thrombogenicity of 
Teflon, we have systemically heparinized patients 
before arterial catheterization, using 7,500 units of 
heparin (reversed with 20 to 30 mg of protamine sul- 
fate at the end of the procedure), and used Teflon- 
coated guide wires only in the descending aorta for 
brief periods of catheter introduction. The wire is 
withdrawn before the level of the aortic arch is 
reached, and the catheter is cleared by brisk aspira- 
tion; any remnants of clotted blood are discarded be- 
fore flushing. 
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FIGURE 4. “Clotting time” of benzalkonium-heparin (B-H)- 
coated guidewires vs. nonbenzalkonium-heparin-coated wires. 
Each pair of connected dots represents one dog. (Student's t 
test, P <0.001.) 


We have found the Teflon wires necessary in some 
cases because of the tenacious clinging of polyure- 
thane (Cordis blue) catheters to stainless steel. With 
all other catheters stainless steel is used. Recently 
both “pigtail” and Judkins' coronary catheters made 
of polyethylene have become available (Cook, Inc.). 
These catheters can be used with stainless steel and 
might be considered as an alternative to the com- 
bined use of Teflon wires and systemic hepariniza- 
tion, although we prefer heparinization regardless of 
which wires are used. Using this combined method 
we have had no further thromboembolic complica- 
tions or problems with bleeding at the arterial punc- 
ture site. If systemic heparinization is not used we 
suggest avoiding Teflon-coated wires whenever possi- 
ble, never leaving any guide wire in the circulation 
for more than 1 to 2 minutes, washing and rinsing all 
wires thoroughly in a heparinized solution before 
reinsertion, and never reusing wires in subsequent 
cases. 
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Studies were performed in conscious dogs in which catheters had 
previously been positioned for long-term use in the right atrium, right 
ventricle, pulmonary artery and central aorta. Doses of less than 200 
g of nicotine injected into the right atrium produced no significant 
hemodynamic effects. A dose of 200 ug of nicotine produced initial 
tachycardia, a subsequent hypertensive response and reflex brady- 
cardia. A 400 ug dose of nicotine produced a triphasic response: 
(1) a 2 to 4 second sinus arrest, (2) subsequent sinus tachycardia 
and marked hypertensive response, and (3) reflex bradycardia with 
persistent increases in right ventricular end-diastolic pressure. Arte- 
rial administration of nicotine in similar doses produced only hyper- 
tension and reflex bradycardia. No asystole or tachycardia was ob- 
served. 

Pretreatment with atropine eliminated the asystole produced by 
intravenous administration of nicotine but did not alter the reflex 
tachycardia occurring after intravenous or intraarterial administration 
of nicotine. Pretreatment with propranolol did not prolong the asys- 
tole occurring after intravenous administration of nicotine and did not 
diminish the peak increase in heart rate during phase 2. However, 
the reflex bradycardia was more pronounced after nicotine was 
given either intravenously or intraarterially. 

We conclude that, in the conscious dog, nicotine (1) releases 
acetylcholine in the right atrium, (2) may depress myocardial func- 
tion, and (3) produces significant hypertension and reflex bradycar- 
dia. 


Nicotine, solely a byproduct of the tobacco industry, is a pyrrolidine 
alkaloid with a relatively simple chemical formula but a very com- 
plex pharmacologic action. Extensive studies of the cardiovascular 
pharmacologic properties of this drug conducted in isolated and par- 
tially intact animal preparations!-19? have produced considerable in- 
formation on the physiologic mechanisms responsible for the cardio- 
vascular effects of nicotine. However, no studies have been made of 
these effects in the conscious animal with intact cardiovascular re- 
flexes. Recently, a technique has been developed for obtaining long- 
term cardiovascular measurements in the conscious dog not subject- 
ed to thoracotomy.19 The purpose of our study was to use this tech- 
nique to determine the cardiovascular effects of nicotine in the more 
physiologic state of the conscious dog. 


Materials and Methods 


Mongrel dogs weighing 18 to 25 kg were selected. By previously described 
techniques, polyvinyl chloride catheters were implanted for long-term use 
into the descending aorta, pulmonary artery, right ventricle and right atri- 
um by way of the carotid artery or jugular vein.1®-1" A specially constructed 
dog jacket housed the distal ends of the catheters.!? After a suitable recov- 
ery period, the dogs were trained to stand quietly in a Pavlovian sling and 
were able to maintain this position for more than 3 hours without 
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difficulty. In previous studies with this technique,!®17 
pressure recordings have been obtained for periods 
of more than 12 months. Right ventricular, pulmo- 
nary arterial and aortic pressures and standard electrocar- 
diographic lead II were continuously monitored through- 
out the course of the studies. 

The following series of three studies of the hemodynam- 
ic responses to nicotine were performed in these conscious 
animals: (1) A 3 ml bolus injection of nicotine was made 
into the right atrium at doses of 10, 50, 100, 200, 400 and 


TABLE | 


600 ug. The latter dose is within the range (0.4 to 3.5 mg) 
of nicotine absorbed by human subjects during the smok- 
ing of one cigarette.!? Electrocardiographic and hemody- 
namic variables were monitored before, during and after 
injection until a stable state was achieved. (2) The same 
studies were performed after intraarterial administration 
of nicotine. (3) The first two studies were repeated (A) 15 
minutes after the administration of propranolol (1.0 mg/ 
kg). and (B) 3 minutes after the administration of atro- 
pine (0.025 mg/kg). 


Values After Venous Administration of Nicotine (means + standard error of the mean) 


Changes in Heart Rate (beats/min) 





Pressures (mm Hg) 











z ti i i tri 
ASile Max Max HE R3 Pulmonary Arterial Right Ventricular 
State Control (sec) Tachy Brady Control Peak Control Peak Control Peak 
Control 
50 ug 92.7 AA 91.0 91.0 133.4 132.6 30.2 29.8 34.8 34.8 
436.4 3-750 +7.0 +4.0 44.7 +4,9 +4,5 +2.7 +2.6 
81.8 80.0 8.0 7.5 1.0 1.2 
+3.2 +3.9 ELA zE1.6 +0.5 +0.5 
200 ug 91.8 118.97 79.8* 136.1 159.17 32.2 33.5 36.2 39.57 
+5.9 +9.1 +5.1 +4.8 +7.4 +6.1 +4.7 +3.0 +2.8 
85.0 96.6* 8.3 9.3 1.2 323° 
PAL +4.7 ELO +L5 +0.7 +13 
400 ug 93.9 2.9 134.61 79.4* 144.8 240.01 31.0 46.8T 37.1 50.81 
ERT +0.4 +10.1 +4,4 2-5-5 +14 +3.9 +2.4 +2.5 +2.9 
93.4 1521 9.0 15.4* 2.4 9.21 
-E3.5 +7.4 ES +1.9 +0.9 +1.0 
After propranolol 
50 ug 85.5 82.8 82.8 137.8 133.8 29.3 28.3 32.2 31.2 
+5.9 255,2 £9.2 +3.1 +2.6 +3.8 +2.8 +3.8 +3.0 
86.7 83.0 6.0 6.3 25 2:5 
53a +4,9 +1.0 4-152 +0.9 +0.9 
200 ug 86.0 104.0 70.2* 128.6 148.61 30.7 31.5 32.2 36.8* 
+6.8 +8.4 zE5.7 +6.2 257.5 +4,3 +4.5 £35 +3.4 
83.6 89.21 7.0 8.5 1.8 3.81 
+4.1 +4.9 3-1.5 #155 +0.9 8-125 
400 ug 82.3 3:5 120.17 60.77 134.2 225.47 26.5 38.5* 32.5 43.21 
+35 +0.48 +8.9 415 +4.5 +11.4 +2.6 EAS +2.1 = ail Wy / 
89.4 157.5} 7.0 19°2* 2.1 7.41 
+2.6 +8.1 +0.9 +3.6 +0.6 £171 
After atropine 
50 ug 122.0 123.0 123.0 144.5 139.5 24.6 24.3 30.2 30.2 
+10.8 +11.8 11,8 +8.3 +8.7 61.5 +0.7 +4,7 +4,3 
103.7 97.8 7.7 6.7 1.3 1.5 
+8.0 c zy +0.9 :k1.3 42.4 +2.2 
200 ug 127.2 147.2* 125.0 139.2 157.5* 27.0 27.7 32.2 33.5 
+8.3 +6.9 +10.7 +5.6 ENA a +2.3 +4.4 +4.3 
102.0 112.0* 9.3 8.7 13 1.5 
+6.4 +8.9 007 +0.9 +1.9 22.3 
400 ug 126.8 147.2* 109.4* 140.0 205.41 26.0 35.2 31.4 41.6 
+6.4 :L11.5 +12.9 :E2.2 EA +1.8 +4,4 32 +3.8 
103.4 153.0* 10.3 16.5 1.2 2.6 
+3.4 +14.5 +0.9 +3.3 +1.8 ELL 


* P <0.05. +P<0.005. 


Brady = bradycardia; Max = maximal; Tachy = tachycardia. 
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Results 
Hemodynamic Effects of Nicotine 


Venous injection: In six experiments in five ani- 
mals, there were no hemodynamic changes after in- 
travenous administration of 50 or 100 ug of nicotine 
(Fig. 1A, Table I). After intravenous administration 
of 200 ug of nicotine, a 17 percent increase in aortic 
systolic and a 13 percent increase in aortic diastolic 
pressure occurred approximately 30 seconds after in- 
jection (Fig. 1A, Table I). Concomitantly, the fol- 
lowing increases in pressure occurred: right ventricu- 
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lar, 9 percent systolic and 185 percent diastolic; pul- 
monary arterial, 4 percent systolic and 12 percent 
diastolic. A 45 percent increase in heart rate oc- 
curred after the increase in aortic pressure. Hemody- 
namic values returned to control level after 50 sec- 
onds. 

After administration of 400 ug of nicotine (Fig. 1B, 
Table I) the following triphasic hemodynamic re- 
sponse was recorded in all experiments: Phase 1: 
Three seconds after administration of nicotine, car- 
diac asystole of 2.9 + 0.4 seconds (mean + standard 
error of the mean) occurred. Phase 2: Thirty-five sec- 
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FIGURE 1. The effects of venous administration of nicotine. A, recordings obtained in the control state and after administration of 50 
and 200 ug of nicotine intravenously into the right atrium. The control panel (left) demonstrates from the top down a 1 second 
time calibration, a lead || electrocardiogram, the pulmonary arterial (PA) pressure tracing, the aortic pressure tracing and the right 
ventricular (RV) pressure tracing. Calibrations for the tachometer (left) and pulmonary arterial, aortic and right ventricular pressures 
(right) are shown beside the panel. Individual values for each variable are shown at the top of the tracing. Times indicated, in seconds, 
below the test panels describe the time to peak effect. B, in this panel, the effects of injection of 400 ug of nicotine into the right atri- 
um are demonstrated. The format of this panel is identical to that of panel A. Note that 3 seconds after the right atrial ejection of nico- 
tine there is an asystole of 4 seconds (phase 1); 37 seconds after the injection there is a marked tachycardia associated with a promi- 
nent increase in central aortic pressure and a modest increase in pulmonary arterial and right ventricular pressures (phase 2). Fifty- 
nine seconds later bradycardia is observed in the face of central aortic hypertension (phase 3). 
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onds after injection of nicotine, a 44 percent increase 
in heart rate was associated with the following in- 
creases in pressures—aortic, 66 percent systolic and 
63 percent diastolic; right ventricular, 38 percent 
systolic and 278 percent diastolic; pulmonary arterial 
51 percent systolic and 71 percent diastolic. Phase 3: 
Ninety seconds after injection, bradycardia occurred 
and was associated with persistent aortic hyperten- 
sion. During phase 3 a pronounced increase in right 


1B) whereas right ventricular systolic pressure ap- 
proached normal values. 

Arterial injection: In an additional series of six 
experiments in six dogs, nicotine was administered 
intraarterially into the central aorta. After adminis- 
tration of 50 and 100 ug of nicotine (Fig. 2, Table IT) 
no significant changes were noted in aortic, right 
ventricular or pulmonary pressures. After injection of 
200 ug of nicotine (Fig. 2, Table II) the following 


ventricular end-diastolic pressure was noted (Fig. pressure increases occurred: aortic, 34 percent systol- 


TABLE Il 


Values After Arterial Administration of Nicotine (means + standard error of the mean) 





Changes in Heart Rate (beats/min) Pipini Quin 




















Anis Max Max Aortic Pulmonary Arterial Right Ventricular 
Control (sec) Tachy Brady Control Peak Control Peak Control Peak 
Control 
50 ug 92.3 90.2 87.0 13737. 143.3 29.0 31.2 35.7 37.8 
+4.7 +4,3 -E4.2 +4,7 +4,3 +1.6 +1.0 +3.0 +3.3 
85.4 86.7 6.4 7.6 1.6 2.0 
+3.8 -E4.3 +1.0 LIS +0.7 £1.1 
200 ug 90.8 das 93.3 67.81 137.4 183.67 31.6 39.2* 34.4 43.3* 
+2.8 :E13.1 +4.0 +3.8 +11.4 +2.9 +4.5 +2.4 +4.0 
85.0 116.71 6.6 11.4* 1.4 5.91 
+2.6 6:3 -E0.8 +1.4 +0.6 +1.0 
400 ug 88.9 101.9* 72.4 143.0 240.61 31.2 45.41 35.6 49.5t 
+4.4 +6.6 +3.0 +5.0 +12.0 +2.3 zE3.5 22:3 +3.9 
85.8 158.41 7.0 15.2* 2:5 11.81 
zE2.7 +9.1 +1.0 +3.0 +0.7 +0.6 
After propranolol 
50 ug 39.8 89.8 84.6 136.3 140.0 28.4 29.2 33.4 33.3 
+3.6 +1.9 EZS +4.5 2.5 1.2 +0.9 253.2 352 
86.5 87.4 7.4 7.8 3.14 3.71 
+4,1 -E4.5 +1.5 £2.4 2 +£1.78 
200 ug 91.0 88.2 54.21 136.9 174.31 28.0 38.21 33.0 41.1} 
+2.11 -E4.4 +5.4 zE4.5 iL +1.8 +2.9 +3.3 £373 
85.4 116.97 6.8 13.8f 2.9 8.61 
-E3.5 +6.2 zi +19 +1.14 +0.8 
400 ug 92.1 106.1 46.4} 137.0 208.57 28.4 42.41 34.6 44.91 
251 +8.4 +4.8 +4.3 +8.6 +11 +3.2 +2.4 +2.6 
87.6 154.8 8.4 19.8* 3.5 11.87 
EP: £7.3 +1.7 +2.9 +0.9 -E0.7 
After atropine 
50 ug 122.4 120.2 112.6 138.2 140.6 26.6 25.8 30.7 29.7 
=6.8 +7.3 +9.8 3552 +5.2 +2.8 zE1.7 +3.2 +3.1 
95.0 94.0 9.6 9.4 1.8 1.8 
+3.4 +4.3 +1.5 EIS +0.8 1:2 
200 ug 123.7 119.6 103.8 138.1 154.0* 26.0 32.4 30.1 35.71 
=4.8 +4.1 +8.0 +3.4 +51 +1.9 252.3 +2.7 +2.7 
96.4 110.71 8.4 12.41 1.6 4.3* 
= v iNi +5.3 +1.4 +1.5 +0.9 +1.4 
400 ug 123.7 123.6 84.41 134.5 197.87 27.0 40.21 31.6 43.61 
24.2 +6.2 +6.8 +5.2 +8.4 +2.0 +2.4 +2.4 +3.0 
93.3 149.07 9.4 19.4} 1.5 9.61 
+2.7 +8.7 $1.5 +2.4 +0.9 +#1.5 
* P <0.05. +P<0.005. Abbreviations as in Table I. 
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CONTROL 50 ug 200 ug 400 ug 
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FIGURE 2. Effect of intraarterial administration of nicotine. The format of this figure is as described in Figure 1. Recordings are dis- 
played for the control (far left) and peak effect after injection of 50, 200 and 400 ug of nicotine into the central aorta. Note the lack of 
any significant effect after the 50 ug dose. The 200 ug dose was associated with a marked increase in systemic and right-sided pres- 
sures. Also observe the prominent bradycardia, the development of a ventricular escape pacemaker and the significant increase in 
right ventricular diastolic pressure. After the 400 ug dose (far right) there was a still further increase in the central aortic blood pres- 
Sure associated with a more prominent increase in right ventricular diastolic pressure. Observe the emergence of a subsidiary ventricu- 
lar pacemaker. 
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FIGURE 3. Effect of pretreatment by propranolol, 1.0 mg/kg, on the hemodynamic effects of intravenously administered nicotine. The 
format is the same as described in Figure 1. A, Note the absence of any significant hemodynamic effect after the 50 and 200 ug 
doses. B, results after the 400 ug dose. Note that asystole exceeding 3 seconds follows the intravenous administration of nicotine by a 
3 second period. Forty seconds after the dose observe the marked hypertensive effect both in the systemic and pulmonary circulations 
associated with a prominent increase in heart rate. At right, a bradycardia associated with persistent systemic hypertension occurs 
during phase 3. 
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FIGURE 4. The effect of pretreatment with propranolol, 1.0 mg/kg, on the hemodynamic effects of intraarterial administration of nico- 
tine. Note that 50 ug of nicotine did not alter the hemodynamic variables measured. After injection of 200 ug of nicotine more pro- 
nounced bradycardia and less hypertension occurred than after injection of nicotine alone. After the 400 ug dose a slight increase in 
systemic pressure occurred; otherwise no significant change resulted as compared to the 200 ug dose. 


ic and 38 percent diastolic; right ventricular, 27 per- 
cent systolic and 309 percent diastolic; pulmonary 
arterial, 22 percent systolic and 57 percent diastolic. 
Concomitantly, a 25 percent decrease in sinus rate 
occurred (Table II). In four of the six experiments, 
the sinus rate was so severely depressed that a lower 
pacemaker predominated. After administration of 
400 ug of nicotine, pressures were further increased: 
aortic, 69 percent systolic and 84 percent diastolic; 
right ventricular, 39 percent systolic and 372 percent 
diastolic; pulmonary arterial, 45 percent systolic and 
114 percent diastolic. As with venous injection, in- 
traarterial administration of 400 ug of nicotine pro- 
duced an increase in right ventricular diastolic pres- 
sure lasting 15 minutes. 


Influence of Autonomic Nervous System Blockade on 
Hemodynamic Effects of Nicotine 


Administration of propranolol: In the animals 
given nicotine, 400 ug intravenously, pretreatment 
with propranolol did not significantly prolong the 
asystole of phase 1 (control, 2.9 + 0.4 seconds; pro- 
pranolol, 3.5 + 0.5 seconds; P > 0.05) (Fig. 3b, 
Table I) or lower peak increase in heart rate during 
phase 2 (control; percent change 46, propranolol, 
percent change 46; P > 0.05). However, the brady- 
cardia of phase 3 was more pronounced (control, per- 
cent change 15; propranolol, percent change 22; P « 
0.005). 

In the group of animals given 400 ug of nicotine in- 
traarterially, the major effect after administration of 
propranolol was the presence of a more pronounced 
secondary bradycardia (control, percent change 15; 
propranolol, percent change 26; P « 0.005). In addi- 
tion, the nicotine-induced hypertension was blunted 
by pretreatment with propranolol (Fig. 2 and 4, 
Table II). 
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Administration of atropine: In all the animals 
studied, pretreatment with atropine prevented the 
asystole produced by intravenous administration of 
400 ug of nicotine (Fig. 5, Table I). However, pre- 
treatment with atropine did not significantly alter 
the bradycardia of phase 3 (control, percent change 
15; atropine, percent change 17; P > 0.05). In addi- 
tion, the bradycardia produced by 400 ug of intraar- 
terially administered nicotine was not altered by pre- 
treatment with atropine (control, percent change 19; 
atropine, percent change 32; P » 0.05) (Fig. 6, Table 
II). The pressure responses in animals given nicotine 
either intravenously or intraarterially were not sig- 
nificantly changed by the administration of atropine. 


Discussion 
Venous Administration 


Phase 1: After administration of 200 ug or more of 
nicotine into the right atrium, cardiac asystole 
promptly occurred. This negative chronotropic effect 
occurring after administration of nicotine may be the 
result of either or both (1) autonomic nervous stimu- 
lation by means of (a) the carotid body chemorecep- 
tor, (b) the baroreceptors, (c) the central vagal nu- 
cleus, (d) the vagal ganglia, or (2) sinoatrial nodal 
depression mediated by nonreflex autonomic nervous 
system by means of (a) acetylcholine receptors, (b) 
beta receptors, or (c) other local receptors, alone or 
in combination. Since this marked negative chrono- 
tropic effect occurred within 3 seconds of injection, 
insufficient time would have elapsed to allow nico- 
tine to reach the receptors listed under point 1; thus, 
the observed asystole cannot be attributed to stimu- 
lation of these receptors. This thesis is supported by 
results of previous experimental studies demonstrat- 
ing that nicotine can produce bradycardia in the iso- 


Volume 32 


CARDIOVASCULAR EFFECTS OF NICOTINE—MANDEL ET AL. 


ATROPINE, 0.025 mg/kg 














A CONTROL 50 ug 200 ug f 
—- j 1 SEC E 
as u 
je tes 40 a 
Ly g Sg 
22/8 " 2 
a E 
= 200 ——— 200/147 —O0-& — 200 £ 
E ` 
p 146/110 147/110 o 
o e 
o LJ 
= č 
c p 100 o 
30/0-5 e E 
b \ ers 
s 23/-3 24/-2 E Q 
e N | £ 
F O . O © 
i [79] 
o» 
7 SECS 15 SECS Ww 
TIME TO PEAK EFFECT S 
FROM CONTROL & 
E 
B 400 ug 400 ug = 
“| pe E 
141 45/24 i80 50w 2 
a ce 
5 4 
e E 
241/184, — H 290 E 
" E 
z o& à 
o 
: 
uv 
8 n 
= 605 —120 i 
^u 
u E E 
$ E 
z 24/-3 T 
o a 
5 à 
< o 
50 Qu 
4 a 
> 
œ 


INJ 


lated heart.” Therefore, this negative chronotropic 
effect occurring after administration of nicotine is 
the result of a direct nonreflex autonomic nervous 
system-mediated depressive effect on the pace- 
maker cells of the sinoatrial node. In addition, 
since administration of atropine completely abol- 
ished this asystole, an acetylcholine-mediated event 
is strongly suggested. Since nicotine is a ganglionic 
stimulator, the observed asystole could result from 
(1) parasympathetic ganglionic stimulation, or (2) 
release of acetylcholine from postganglionic sites. 


December 1973 The American Journal of CARDIOLOGY Volume 32 


+30 SECS 
FIGURE 5. The effect of pretreatment with atropine on the hemodynamic effects of intravenously administered nicotine. A, note the 
marked sinus tachycardia seen in the control panel. After the 200 ug dose systemic hypertension was not associated with any signifi- 
cant positive chronotropic effect. B, note the absence of any asystole after the intravenous administration of nicotine in this dog pre- 
treated with atropine (left panel). The right panel, shows a marked chronotropic effect associated with systemic and right-sided hyper- 
tension after the intravenous administration of nicotine. 


Prior studies with hexamethonium have documented 
that nicotine-induced asystole persists after gangli- 
onic blockade.9.11.29 Therefore, nicotine apparently 
releases acetylcholine at postganglionic sites, proba- 
bly located in the right atrium. 

Phase 2: This phase consisted of cardioaccelera- 
tion, systemic and pulmonary hypertension and in- 
creased right ventricular end-diastolic pressure. The 
elevation in the level of systemic pressure may be 
due to an increase in cardiac output or peripheral re- 
sistance, or both. Since the effects of nicotine were 
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FIGURE 6. Effects of pretreatment with atropine on the hemodynamic effects of intraarterial administration of nicotine. No significant 
hemodynamic alteration occurred after administration of 50 ug. Slight bradycardia and systemic hypertension occurred after the 200 
ug dose. After the 400 ug dose a more pronounced negative chronotropic effect was associated with more pronounced systemic and 


right-sided hypertensive effects. 


transient, cardiac output determination utilizing the 
dye-dilution principle was not performed. Although 
not measured, cardiac output may have increased 
and caused the increase in arterial pressure. How- 
ever, since nicotine produced a concomitant marked 
increase in systolic and diastolic pressures—that is, 
there was no significant change in pulse pressure— 
we may infer that systemic hypertension produced 
by nicotine is predominantly the result of peripheral 
arteriolar constriction. Increased vascular resistance 
after administration of nicotine may be due to one or 
more of the following factors: (1) sympathetic gangli- 
onic stimulation; (2) chemoreceptor stimulation; or 
(3) adrenal stimulation with endogenous release of 
catecholamines. However, our study was not de- 
signed to elucidate the exact mechanism by which 
nicotine would increase the vascular resistance. Of 
note, nicotine may have a direct vasoconstrictor ac- 
tion that is not mediated by alpha receptor stimula- 
tion. This has been suggested since alpha blockade 
attenuates but does not eliminate vasoconstriction in 
the anesthetized animal after administration of nico- 
tine.?1 

The increase in heart rate seen after administra- 
tion of nicotine may be a result of a combination of 
the following factors: (1) stimulation of the sympa- 
thetic chain ganglia; (2) stimulation of the adrenal 
gland with release of epinephrine; (3) direct stimula- 
tion of atrial chromaffin tissue; (4) stimulation of 
parasympathetic ganglia that are postulated to be 
adrenergic; and (5) stimulation of parasympathetic 
ganglia that activate chromaffin tissue. Studies in 
the isolated heart have demonstrated that nicotine- 
induced cardioacceleration can be produced in the 
absence of systemic release of adrenal hormones or 
stimulation of the sympathetic chain ganglia.?? 
Therefore, a substantial portion of the nicotine-in- 
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duced cardioacceleration observed in our study may 
have been due to the local events cited. Moreover, 
administration of ganglionic blocking agents such as 
hexamethonium and beta blockading agents also de- 
presses nicotine-induced cardioacceleration.9.!! The 
cardioaccelerative action of nicotine is not due to a 
direct stimulation of the sinus node but rather to a 
local release of catecholamines within the atrium 
since reserpinization eliminates the nicotine-induced 
tachycardia.* 

Phase 3: This phase is characterized by bradycar- 
dia in the presence of a persistent elevation of sys- 
temic and pulmonary pressure levels. The decrease 
in sinus rate is probably the result of baroreceptor 
reflex stimulation produced by the systemic hyper- 
tension. Of interest, the heart rate returned to con- 
trol values within 5 minutes in the presence of a per- 
sistently increased systemic pressure; this relatively 
rapid change suggests some baroreceptor accommo- 
dation. 


Myocardial Effect of Nicotine 


In a previous study in the conscious dog,!? acute 
balloon occlusion of the main pulmonary artery pro- 
duced a right ventricular systolic pressure of 70 mm 
Hg without a significant increase in right ventricular 
end-diastolic pressure. That study demonstrated 
that the canine right ventricle is highly compliant. 
In our study, the injection of nicotine produced only 
a relatively slight increase in the mean peak right 
ventricular systolic pressure (mean increase 40 per- 
cent) (Fig. 1B, Table I) associated with a marked in- 
crease in right ventricular end-diastolic pressure 
(mean increase 278 percent). In some studies, right 
ventricular systolic peak pressure increased only 5 to 
10 mm Hg with a concomitant significant increase in 
right ventricular end-diastolic pressure of 5 to 8 mm 
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Hg. Consequently, one may deduce that nicotine ei- 
ther greatly depressed myocardial contraction or di- 
minished ventricular compliance; both alterations 
are deleterious to myocardial performance. 


Arterial Administration 


To dissociate local atrial effects of nicotine from 
systemic effects, doses of nicotine were injected into 
the central aorta. In contrast to the venous injection, 
arterial injection did not produce a period of asys- 
tole. However, after the arterial injection of nicotine, 
the prominent depression of the sinoatrial node was 
associated with the frequent emergence of a subsid- 
lary escape pacemaker. In sharp contrast, adminis- 
tration of nicotine into the right atrial cavity did not 
result in the emergence of subsidiary pacemakers. 
These observations (1) suggest that nicotine has a 
depressant effect on escape pacemakers that is me- 
diated by release of acetylcholine, and (2) support 
the concept that escape rhythms in the conscious 
dog apparently arise from the right atrium or ventri- 
cle, or both. 

The disparity between the bradycardia resulting 
from baroreceptor stimulation after arterial and ve- 
nous administration of nicotine was considerable. A 
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more profound negative chronotropic effect was seen 
after arterial administration although the pressure 
responses after both routes of administration were 
identical (Tables I and II). This finding would 
suggest that local events after injection of the nicotine 
into the right atrial cavity (such as local catechol- 
amine release) diminish the maximal reflex brady- 
cardia. 

Arterial administration of nicotine produced 
marked increases in both systemic and pulmonary 
pressures (Fig. 2, Table II). This finding suggests 
that the vasopressive action of nicotine is at least 
mediated by the systemic release of norepinephrine. 
The absence of a positive chronotropic response after 


 intraarterial injection of nicotine suggests that epi- 


nephrine is not released systemically or is released in 
an insufficient amount to overcome the baroreflex 
bradycardia induced by the hypertensive effects of 
norepinephrine. Of further interest, similar increases 
in right ventricular end-diastolic pressure occurred 
after arterial and venous injection of nicotine. This 
finding suggests that the myocardial depressant ef- 
fect of nicotine was not due solely to a local high 
concentration of nicotine after the intraatrial injec- 
tion. 
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From September 1970 to March 1973, 172 patients at the University 
of Oregon Medical School underwent implantation of a unique uni- 
polar dual rate ventricular tracking pacemaker. The pulse generator 
provides a 0.75 msec stimulating signal and 0.015 msec nonstimu- 
lating R wave synchronous marker signal. The latter verifies pacer 
sensitivity when the stimulating signal is R wave inhibited but does 
not deform the QRS complex and has negligible current drain. Both 
long and short signals are distinguished and electronically counted 
by a telephone transmission and receiver system. The pulse gen- 
erator is rate constant and has predictable voltage response. Thus, 
rate analysis alone will provide satisfactory warning of impending 
battery depletion. 

Clinical evaluation of this new unit in 172 patients disclosed no 
operative deaths and 28 late deaths. No deaths were due to pace- 
maker failure. Reoperation was required in 43 patients, 8 with elec- 
tronic failure due to defective transistors (7 patients) or a loose sol- 
der joint connection (1 patient). There was no instance of connector 
malfunction, adapter malfunction or electrode break. There was one 


instance of lead fracture. No patient thus far has experienced battery 


depletion although the longest surviving patients have been followed 
up for 30 months after implantation. Experience with the tele- 
transmission has been satisfactory in detecting system malfunction 
and in achieving a high level of patient and physician acceptance of 
disciplined pacemaker follow-up. 


Significant advances in circuit design, leads and power supply have 
been made since the introduction of totally implantable pacemakers 
by Senning in 1958 and Chardack in 1960.1 These include the devel- 
opment of noncompetitive R wave synchronous or R wave inhibited 
pulse generators, the permanent transvenous lead system and, more 
recently, improvements of mercury batteries to decrease the inci- 
dence of premature depletion.?* Despite advancing technology, 
pacemaker failure still occurs an average of 18 to 24 months after 
implantation, most frequently because of battery depletion.5 The 
problem is compounded by the progressive increase in patients re- 
quiring adequate follow-up procedures to insure elective replace- 
ment. Prophylactic replacement at 18 to 24 months does not fully 
utilize the potential longevity of the pulse generator. Emergency re- 
placement is not completely avoided by this technique since battery 
depletion can occur before established dates of prophylactic change 
and is not predictable in the individual case. The establishment of 
pacemaker clinics and telephone follow-up systems addresses itself to 
one facet of the problem, the follow-up. However, conventional pulse 
generators are not specifically designed for this purpose, and tele- 
transmission involves bulky and expensive equipment.9.7 
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FIGURE 1. The pacemaker system. 
a, model 8114 Starr-Edwards ven- 
tricular tracking standby pacemak- 
er. The unit displaces 56 cc and 
weighs 136 g. It employs a low 
moisture-absorbing epoxy and a 
metallic plate of Haynes 25. b, 
pacemaker teletransmitter model 
8530. This battery-operated trans- 
mitter and acoustic coupler re- 
ceives radio signals from the pulse 
generator, discriminates between 
the stimulating and tracking sig- 
nals and converts them into 
acoustic signals. c, pacemaker 
data receiver model 8531. This 
electronic counter has a digital 
display of pulse rate accurate to 
1/10th of a beat per minute. 


Attention to the dual problem of pulse generator 
longevity and ease of follow-up began in 1968 at the 
University of Oregon Medical School in a combined 
project with Edwards Laboratories. A unique pace- 
maker system has been devised to extend basic pulse 
generator life by a variety of means and to facilitate 
follow-up by providing a built-in monitoring capacity 
for teletransmission. The early laboratory and clinical 
results form the basis of this report. 


The Pacemaker System 


The pulse generator (model 8114, Fig. 1A) was intro- 
duced into clinical use in September 1970, after 2 years of 
experience and testing of four previous prototypes in the 
animal laboratory. It is a unipolar system with a dual 
noncompetitive rate at a standard setting of 70 and 95 
beats/min (Fig. 2A). The energy source is four series-con- 
nected 1.38 v mercury cells (Mallory 317653 certified 
cells) isolated from the pulse generator until activated at 
the time of implantation by tightening of a shunt screw. A 
critical feature of the pulse generator is its double output: 
a stimulating pulse of 0.75 msec duration and 10 mamp 
amplitude and a nonstimulating or tracking pulse of 0.015 
msec duration. The tracking signal does not deform the 
QRS complex and produces negligible energy loss. It 
functions to verify pacemaker sensitivity when the 
stimulating signal is R wave inhibited and it appears 
as a small blip at the onset of the QRS wave (Fig. 2B). A 
coil in the pulse generator allows both signals to be de- 
tected and distinguished by the transmitter and central 
receiving system for telephone follow-up studies. Thus, 
the nonstimulating signal also serves to indicate the pa- 
tient's own rhythm for remote monitoring without the 
need for surface electrodes. 

The selection of 0.75 msec for duration of the stimulat- 
ing pulse is based upon serial threshold determinations 
during the first year of implantation in dogs with various 
types of lead and electrode systems. These include plati- 
num and elgiloy electrodes in standard myocardial, endo- 
cardial and experimental configurations with leads of 
coiled elgiloy. As pulse duration is increased from 0.25 to 
1.50 msec, threshold decreases significantly up to pulses of 
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0.75 msec duration. Little is gained in threshold decre- 
ment by further increasing pulse duration (Fig. 3). 

The refractory period is 325 + 25 msec. Sensitivity is 
1.5 mv at 0.66 v/sec. The current drain is 22 pamp pacing 
at 70 beats/min and 14 „amp in the tracking mode. The 
pulse generator circuit is protected from external electri- 
cal disturbances by a noise filter with a sharp cutoff at 7 
+ 2 Hz. At higher frequencies the pacemaker reverts 
to a fixed rate mode. Noise sources at these higher 
frequencies include electric razors, auto ignitions, most 
power tools and microwave ovens. The cutoff at 7 Hz 
does not prevent muscle noise inhibition which may affect 
all pulse generators of the demand type.5 Such inhibition 
can be produced with the model 8114 only with severe iso- 
metric contraction under laboratory conditions and has 
not been recognized under clinical circumstances thus far. 

The leads connect to the pulse generator with a bayonet 
lock requiring no set screws or adhesives. The electrodes 
employed in the current series of patients are made of el- 
giloy, 22 mm? for the endocardial and 12 mm? for the 
myocardial configuration. A self-penetrating myocardial 
lead has been devised that allows implantation with mini- 
mal myocardial exposure and is suitable for either right or 
left ventricular implantation. 
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TABLE! 


Starr-Edwards Pacemaker: Causes of Reoperation 
in 43 of 172 Patients (September 1, 1970 to March 1, 1973) 





Causes Patients (no.) 





Pacemaker-related 
Transistor failure 7 
Solder joint failure 1 
Interference 1 

Total 9 

Nonpacemaker-related 
Catheter repositioning 
Increased threshold 
Early infection 
Late erosion 
Lead break (other manufacturer) 
Lead perforation 
Higher rate pacemaker 
Muscle twitching 
Lead fracture 
Connector (incorrectly implanted) 

Total 
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TABLE II 
Starr-Edwards Pacemaker: Longevity of Unit 





Follow-Up Period (mo.) 





no. Maximal Mean 
Animal implants 45 28 8.8 
Animal + in vitro soak test 3 2753* 23.3 
In vitro soak test alone 11 32 8.4 
Clinical + in vitro soak test 36 25.8 7.8 
Clinical implants 172 30.4 737 





*1 unit depleted at 39 months; 1 unit depleted at 44 months. 
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for controlled-entry myocardial electrode. 


Prerequisites for remote pacemaker testing by rate 
analysis alone are an extremely rate-stable circuit and a 
predictable and quantitative response in rate to voltage 
change. In a group of 69 patients the observed slopes of 
rate decrement with time ranged from 0.02 to 0.09 beats/ 
min. The average slope was 0.027 for the low rate and 
0.037 for the high rate. The projected rate drop at 39 
months is 1.06 and 1.43 beats/min at low and high rates, 
respectively. The percentage drop is similar for both rates, 
1.5 percent at 39 months. A significant change in the 
slope of rate versus time beyond those described would be 
an early indication of battery depletion. This phenomenon 
has been observed in the animal laboratory with two pro- 
totype pacemakers with a projected life of 39 and 44 
months, respectively. It has not yet been seen with the 
mode! 8114 although some patients have been followed up 
for more than 30 months after implantation. The response 
of rate to voltage in a group of 72 pacemakers was deter- 
mined. The mean percentage drop in rate with one bat- 
tery depleted was 9.9 percent for both high and low rates. 
The standard deviation was 0.5 percent. The rate is inde- 
pendent of load and varies with temperature at no more 
than 0.25 beats/min per degree Centigrade. 

The transmitter (model 8530, Fig. 1B) is battery oper- 
ated and easily portable. Stimulating and nonstimulating 
signals are detected, distinguished and transmitted as 
acoustic signals. One of the transmitter’s two receiving 
coils is in proximity to a magnet to switch the pulse gen- 
erator to the higher rate if necessary. The pacemaker data 
receiver (model 8531, Fig. 1C) is an electronic counter 
with a digital display of rate accurate to 1/10th of a beat 
per minute. The two signals are differentiated, each light- 
ing a separate panel light and appearing as signals of dif- 
ferent amplitude and duration on a strip recorder. Both 
transmitter and receiver can be used in the clinic by a 
nurse or receptionist during a follow-up visit. 


Clinical Material 


From September 1970 to March 1973, 172 patients at 
our institution underwent implantation of the model 8114 
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ventricular tracking pacemaker as part of the clinical 
evaluation phase of the new unit. Sixty-six patients had a 
pulse generator only using an adapter for a previously 
placed Medtronic or Cordis catheter, and 106 had primary 
implants. In this group 84 had endocardial leads and 22 
had myocardial leads. The patients’ ages ranged from 2 to 
93 years (mean 64.7 years); 113 were male and 59 were fe- 
male. Patients were selected on the basis of the usual in- 
dications for pacemaker implantation. A transvenous 
route was preferred, and myocardial electrodes were im- 
planted only at the time of thoracotomy for valve replace- 
ment or for recurrent catheter displacement. 


Results 

There were no operative deaths and 28 late deaths. 
Seven patients died suddenly. Six underwent com- 
plete autopsy and pacemaker examination, and nor- 
mal function of the pulse generator was verified. In 
the seventh patient the postmortem electrocardio- 
gram showed a normal pacemaker rate of output but 
since autopsy was not performed, the pulse generator 
was not examined directly. All the other deaths were 
clearly unrelated to the pacemaker implantation ac- 
cording to autopsy and clinical evaluation. 

All of the remaining 144 living patients have been 
followed up. The longest survival time has been 30 
months and the mean survival time 8 months. Reop- 
eration was required in 43 patients and the indica- 
tions are shown in Table I. There were eight elec- 
tronic failures, seven due to defective transistors, 
and one due to a loose solder joint connection. In all 
the other reoperations normal function of the pulse 
generator was clearly established. One patient with 
muscle twitching responded to removal of the anode 
plate from the pectoral muscles and burying of the 
pulse generator in a subcutaneous position. The sin- 
gle patient with electromagnetic interference had a 
normally functioning pacemaker. Interference was 
due to the swinging cord of an electric razor moving 
at approximately heartbeat frequency thereby pro- 
ducing occasional nonstimulating pulses only. 

There was no instance of connector or adapter 
malfunction, electrode break or lead break during 
the evaluation phase ending in October 1972. Two 
aberrant pacemakers implanted early in the series 
are still functioning. One, with an early type of mer- 
cury switch, will sometimes spontaneously switch 
from the low rate to the high rate. The other, with 
an unusually long refractory period, fails to recycle 
on some premature ventricular contractions. 

Longevity studies were performed by supplement- 
ing the animal and clinical implant series with in 
vitro soak tests (Table II). Units removed from ani- 
mals are continued in soak at the higher rate for ani- 
mals (95 beats/min). Units removed from patients 
are continued in soak at the lower rate of the clinical 
model 8114 (70 beats/min). Two units were carried 
to depletion an equivalent of 39 months and 44 
months, respectively, after animal implantation and 
high rate soak test. 


Discussion 


Advantages of a telephone follow-up system have 
been well documented by other investigators. The 
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system described is unique in that the pulse genera- 
tor itself puts out a monitoring signal marking the 
patient's own QRS complex. In addition, rate stabil- 
ity is demonstrated by actual clinical observation 
and not by the manufacturer's projections alone. 
Any further decrease in rate initially detectable by 
electronic count is related to a decrease in battery 
voltage. Mercury cells characteristically maintain a 
constant voltage until shortly before depletion. 
Thus, toward the end of the pacemaker's projected 
life span, monthly or biweekly electronic counts 
make it possible to predict pacemaker malfunction 
due to battery depletion with approximately a 6 
week advance warning. 

Alternative techniques of telephone follow-up uti- 
lize a combination of pacemaker-stimulating signal 
transmission coupled with plethysmography or elec- 
trocardiographic transmission. Both techniques re- 
quire transmitting equipment approximately equal 
to 25 percent of the cost of the pacemaker itself. 
Both systems are effective in detecting pacemaker 
malfunction. However, when the pulse generator is 
functioning in the standby mode, either synchronous 
or R wave inhibited, it is necessary to use a magnetic 
switch to produce a competetive rhythm for testing 
pacemaker function. This unsupervised competition 
may be medicolegally undesirable. In addition, inter- 
pretation of rate changes alone may be difficult to 
assess in terms of impending battery depletion be- 
cause of the inherent rate instability of some of the 
available pacemakers not specifically designed for 
this purpose. 

Clinical advantages: With the model 8114 pulse 
generator, electrocardiographic transmission coupled 
with an electronic counter would on first glance pro- 
vide the ideal system if one sets aside considerations 
of cost. Such a system would add verification of cap- 
ture to the current technique. In actual practice, the 
current system has provided adequate information 
for follow-up use. Thus, of 129 patients followed up 
during the first 2 years of our experience with ap- 
proximately 500 telephone calls, there were no false 
positive or false negative laboratory reports. Three 
asymptomatic patients were found to have malfunc- 
tioning systems caused by failure of an electronic 
component. The complete diagnosis of pacemaker 
malfunction in many cases may be completed only 
with hospitalization and occasionally is not fully elu- 
cidated until reoperation. The system does not pro- 
vide a full evaluation of the patient by telephone or 
obviate the need for further investigation. Its intent 
is simply to screen patients by means of a simple 
laboratory test for pacemaker malfunction or im- 
pending battery depletion that may require further 
evaluation and professional consultation. Of some 
practical importance is the ability of the current sys- 
tem to pick up the signal from the patient's heart 
without the use of electrodes. Thus, the patient can 
transmit signals from a public telephone if necessary. 
In addition, the simplicity of transmission is appro- 
priate for use by elderly patients with implanted 
pacemakers. 
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Echocardiography is being used increasingly in cardiac diagnosis 
because it permits rapidly moving cardiac structures to be visualized 
with ease and safety. Echocardiographic studies previously have 
been limited to qualitative observations because detailed quantitative 
measurements of cardiac structural motion have required time-con- 
suming manual information processing. A video scanner-analog 
computer system has been developed that greatly simplifies the 
analysis of routine echocardiograms. Up to eight nonoverlapping 
cardiac structures are first traced manually on transparent paper 
from selected portions of echocardiographic records, and then con- 
verted by a television camera into a picture consisting of 525 video 
lines. These lines are processed sequentially by eight signal detec- 
tors, each generating a digital value proportional to the distance of 
the traced signals from the beginning of the video line. The data are 
converted to analog form by analog computer techniques and re- 
corded on a strip chart. 

Evaluation of the system has demonstrated that signals of up to 12 
Hz can be accurately processed without attenuation. In addition, a 
comparison of the scanner-derived instantaneous left ventricular 
transverse dimension with that measured directly from the original 
echocardiograms revealed excellent correlation (r — 0.98). 

The use of this system to analyze cardiac structures may have 
wide applicability in cardiac research and diagnosis because it al- 
lows complex quantitative data to be obtained easily from routine 
echocardiograms. 


Reflected ultrasound is being used increasingly in cardiac diagnosis 
because it permits rapidly moving cardiac structures to be visualized 
with ease and safety.1-7 Echocardiographic studies previously have 
been limited to qualitative observations because detailed quantita- 
tive measurements of cardiac structural motion have required time- 
consuming manual information processing. The instantaneous rate of 
change of both individual and paired cardiac structures may provide 
important diagnostic information and be particularly useful in re- 
search applications. A system has been developed that converts a 
portion of a standard echocardiographic strip chart record into sever- 
al separate analog voltages, each representing the motion of an indi- 
vidual cardiac structure. These analog signals are then analyzed by 
electronic circuits designed to perform a variety of mathematical op- 
erations. This paper describes the system, evaluates its performance 
and discusses its potential uses. 


Design 


The semiautomated method of analysis uses a closed-circuit television 
scanning system. Figure 1 shows the system which consists of a Sony AVC 
4600 television camera and control unit, a television monitor, a Brush 
model 260 analog recorder, and a unit for processing video and analog data. 
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CAMERA CONTROL 
UNIT 






TRACING FROM 
ECHO RECORD 
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TRACING 


FIGURE 2. Original echocardiogram showing ventricular septum 
and posterior free wall. Manual tracings from these structures 
are shown at right. L.V. = left ventricle. 


ORIGINAL 
ECHOCRAM 


Analysis of the record is accomplished in two steps: First, 
transparent paper is placed over a selected segment of a 
routine echocardiographic record. Up to eight nonoverlap- 
ping cardiac structures are then traced with a felt-tipped 
pen on the transparent paper. Figure 2 shows a routine 
echocardiogram on the left and tracings of both the left 
ventricular surface of the septum and the endocardial sur- 
face of the posterior free wall on the right. This manual 
step eliminates the processing problems caused by signal 
dropout (that is, brief loss of signal during portions of the 
cardiac cycle) and allows selection of the best cardiac 
cycle for analysis. Second, the transparent paper is placed 









FIGURE 1. Diagram of video scanner-analog 
computer system. A television camera is fo- 
cused on the manual tracings, converting the 
tracing into a televised image. This video in- 
formation is fed to the video processor 
where analog signals are generated by sepa- 
rate detectors. These analog signals are 
mathematically manipulated by the analog 
processor. A television monitor checks the 
scanner functions. 


VIDEO LINE 
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FIGURE 3. Diagrammatic representation of signal detector op- 
eration. As the tracing is scanned, video pulses are generated 
to control the “on time” of each counter. This “on time” indi- 
cates the distance of each signal from the beginning of the 
video line. 


under the television camera, which converts the traced 
record into a picture consisting of 525 separate horizontal 
video lines. These lines are not generated instantaneously 
but are produced sequentially by the camera. The first 
video line occurs at the top of the image. Each succeeding 
line is formed separately and displaced below the previous 
one, with a complete picture being sequentially produced 
from the top to the bottom of the television image. Each 
video line is generated by a narrow beam of electrons 
swept from left to right across the television tube. The 
current of the beam is determined by the amount of light 
reflected from the portion of the picture being scanned. 
For instance, a record with a white background and black 
lines will have a very high level of beam current when the 
white background is being scanned; this becomes very low 
in regions where a black line is present. 

Each video line is processed by eight signal detectors, 
each incorporating a switch connected to a digital counter 
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FIGURE 6 (left). Left ventricular transverse dimensions (cm) 
measured directly from routine echocardiograms (hori- 
zontal axis) are plotted versus scanner determined dimen- 
sions (vertical axis). 


FIGURE 4 (left). Comparison of manually determined (horizonta! 
axis) and scanner-determined line positions (vertical axis). 


FIGURE 5 (below). Frequency response of scanner system is 
essentially flat to 12 Hz. 
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T.D.= Transverse dimension of left ventricle 
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FIGURE 7 (right). Three variables simultaneously calculated during one cardiac cycle. Left ventricular transverse dimension (top) was 
derived by instantaneously subtracting the septal signal from the left ventricular free wall signal; left ventricular volume (middle) was 
estimated by cubing the transverse dimension; velocity of circumferential fiber shortening (bottom) was estimated by dividing the left 
ventricular transverse dimension by its derivative. Values are expressed in centimeters and seconds. 


(Fig. 3). At the beginning of each line, all eight counters 
start recording the number of oscillations generated by a 
continuously running 4 megaHz oscillator. Counter 1 
operates only until the first traced signal on the video line 
is intersected; counter 2 continues to function until the 
second signal is intersected, and so on. Thus, the counters 
indicate the distance of each signal from the beginning of 
each respective video line. For example, if a signal occurs 
near the beginning of a line only a few oscillations will be 
noted before the counter is turned off. However, if the sig- 


nal occurs near the end, many more oscillations will be 
counted and the corresponding digital output will be 
greater. The contents of each counter are fed into a digi- 
tal-to-analog converter which generates an analog voltage 
proportional to the position of the traced signal. This data 
conversion process is repeated sequentially for all 525 
video lines. 

After conversion, signal voltages are manipulated using 
analog computer techniques. Both unprocessed and com- 
puter analyzed signals are recorded on a strip chart. 
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Evaluation 


Instruments were checked for accuracy by placing 
a straight line under the television camera at various 
positions, measuring these positions with the scanner 
and plotting scanner values against manual mea- 
surements. The results (Fig. 4) indicate good accura- 
cy with no significant distortion when measurements 
made near the center of the television image are 
compared with those near image extremes. The fre- 
quency response of the scanner is illustrated in Fig- 
ure 5, which shows that signals up to 12 Hz can be 
processed with very little attenuation. 

The system also was evaluated to determine the 
overall accuracy including manual and electronic op- 
erations. Septal and left ventricular posterior free 
wall signals were recorded, using the T-scan tech- 
nique® in 10 patients with a normal or dilated left 
ventricle. Continuous electronic subtraction of the 
septal signal from the posterior wall signal was per- 
formed to determine the instantaneous left ventricu- 
lar transverse dimension. Figure 6 plots scanner-de- 
termined end-systolic and end-diastolic transverse 
dimensions against measurements taken from the 
original echocardiograms. These values correlate 
with a coefficient of 0.98. 


Clinical Applications 


There is wide potential for applications of the 
video scanner system, including the detailed analysis 
of the velocity and magnitude of motion of both the 
mitral valve and left ventricular transverse dimen- 
sion (Fig. 7). The three measurements from one 
complete cycle were derived simultaneously. The 
upper signal represents the instantaneous left ven- 
tricular transverse dimension; the middle, the cube 
of the transverse dimension, an estimate of left ven- 
tricular volume?-12; the lower, the rate of change of 
transverse dimension divided by the instantaneous 
transverse dimension, also called the velocity of cir- 
cumferential fiber shortening and reported to be a 


useful estimate of ventricular function.5.13 Other 
data, such as aortic and ventricular pressure, also 
can be traced and converted into analog signals. It 
should therefore be possible to calculate both left 
ventricular force-velocity curves and instantaneous 
diastolic compliance by recording simultaneous left 
ventricular pressure and transverse dimension. Thus 
far, our efforts have been concentrated on analyzing 
changes in the left ventricular transverse dimension 
caused by alterations in posture, exercise and 
drugs.14 

Several design features are important in the rou- 
tine use of this system. One is the manual operation 
of tracing cardiac structures to be analyzed. This al- 
lows easy selection of the best cardiac cycle for anal- 
ysis and eliminates problems caused by sporadic loss 
of the echo signal during the cardiac cycle. This issue 
was a major factor in electing not to pursue a com- 
pletely automated system. A general automatic pro- 
cessor to deal with the problems of signal loss would 
be very complex, if at all feasible. Another feature is 
its easy expansion to multiple channels, eight signals 
being almost as easy to analyze as one. This can be 
an important consideration, especially for those 
studies involving echocardiographic signals and ad- 
ditional simultaneous phenomena such as aortic and 
ventricular pressures. Necessary system stability and 
accuracy, inherent in a slow scan system of this type, 
have been achieved by use of the digital counter 
technique. Flexibility of the system and ease of oper- 
ation have been retained at relatively low cost by 
using standard plug-in analog modules when feasi- 
ble. This latter feature allows the system to be con- 
structed as a self-contained unit, thus avoiding the 
expense, inconvenience and cost of complex inter- 
faces. 

Frequent use of this system has demonstrated its 
usefulness for clinical diagnosis and research. Many 
new applications will no doubt arise because it al- 
lows complex quantitative data to be derived easily 
from routine echocardiograms. 
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The angiocardiographic features in 65 cases of dextrocardia studied 
at the Mayo Clinic between December 1960 and November 1970 
have been reviewed. In 60 cases the angiocardiographic studies 
were adequate to define the situs of the atria, the ventricular mor- 
phology, and the relation of the great arteries. The heart and great 
vessels were examined at complete surgical repair in 23 cases and 
at autopsy in 13. From review of the angiocardiographic data and 
comparison with the surgical and autopsy findings, an angiocardi- 
ographic classification of dextrocardia is proposed. 

Situs solitus of viscera and atria was present in 44 cases—23 with 
inverted ventricles, 14 with noninverted ventricles and 7 with com- 
mon ventricle. Levotransposition of the great arteries was seen in 
24, dextrotransposition in 7, zero-transposition (aorta directly anteri- 
or to pulmonary artery) in 5, and normal relation of the great arte- 
ries in 8. Situs inversus of viscera and atria occurred in 11 cases: 8 
with noninverted and 3 with inverted ventricles. Inverted normally re- 
lated great arteries were present in five cases, inverted dextrotrans- 
position in one, inverted levotransposition in two, zero-transposition 
in two, and normally related great arteries (isolated inversion of the 
ventricles) in one. In five cases of dextrocardia, the situs of the vis- 
cera was indeterminate. 

Diagnostic accuracy and a better understanding of the various 
types of dextrocardia are essential, since improved surgical tech- 
niques have made it possible to correct many of these complex ab- 
normalities. 


Many reports have been published on dextrocardia, and many terms 
and classifications have been proposed for the various anatomic con- 
ditions that may be included under this name. The subject has been 
studied extensively by embryologists and pathologists, and recently 
it has gained clinical interest because of the increasing possibility 
that even the more complex cardiac abnormalities usually associated 
with dextrocardia can be corrected. 

Accurate knowledge of the anatomic arrangements of the viscera 
and the basic parts of the heart, and the cardiac defects present, is 
necessary for surgical success. Selective biplane angiocardiography is 
an essential part of the diagnostic investigation. 

From review of the angiocardiographic data in our 60 cases of dex- 
trocardia and comparison with the surgical and anatomic findings, 
we propose an angiocardiographic classification of dextrocardia. 


Material and Methods 


Between December 1, 1960 and December 1, 1970, 65 patients with the 
clinical diagnosis of dextrocardia were referred to the Cardiac Laboratory of 
the Mayo Clinic. Selective large-film biplane angiocardiography was per- 
formed in all 65 cases. Five cases were excluded because the angiocardio- 
grams were not adequate to define ventricular anatomy. The angiocardio- 
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A 


FIGURE 1. Scheme of dextrocardia. A, situs solitus of viscera and atria (isolated dextrocardia). B, situs inversus of viscera and atria 


(mirror-image dextrocardia). C, visceral heterotaxia. 


grams, cardiac catheterization data, thoracic roentgeno- 
grams and clinical histories in the remaining 60 cases 
comprised the study material. 

The age of the patients at the time of examination 
ranged between 5 days and 43 years; 42 were male and 18 
female. Complete surgical repair of the cardiac anomalies 
was accomplished in 23 cases, palliative procedures in 11 
and autopsy examination in 13. 

Definitions: Dextrocardia may be defined as a condi- 
tion in which the major (base to apex) axis of the heart 
points to the right, not as a consequence of acquired dis- 
ease but as the result of congenital malposition. Dextro- 
cardia may be present with either situs solitus or situs in- 
versus of the viscera. Situs solitus is the normal anatomic 
situation of the thoracic and abdominal organs, in which 
the right lung is trilobate and the left lung bilobate, and 
the spleen and stomach are on the left and the liver main- 
ly on the right (Fig. 1A). Situs inversus of the viscera is 
the opposite of situs solitus in regard to the right-left posi- 
tion of the viscera (Fig. 1B). 

Dextrocardia may also be present with indeterminate 
situs of the viscera (liver in the midline, site of the stom- 
ach bubble indefinite, trilobate or bilobate lung on both 
sides, no inferior vena cava or midline inferior vena cava) 
—a condition known as visceral heterotaxia (Fig. 1C). 
Visceral heterotaxia is usually associated with asplenia or 
polysplenia. 

The situs of the viscera was determined in our study by 
means of plain thoracic roentgenograms (for position of 
the stomach bubble and liver shadow), cardiac catheter- 
ization data (for right or left position of the catheter along 
the superior and inferior venae cavae) and angiocardio- 
grams (for position of the venae cavae and hepatic veins 
when visualized). 

We determined the situs of the atria in accordance with 
the situs of the viscera and the systemic venous connec- 
tion, designating the atrium in continuity with the venae 
cavae as the right atrium. 

Among the 55 cases with definite situs of the viscera 
(the 5 others had visceral heterotaxia), the superior vena 
cava entered the right atrium in all but 1, as proved by 


catheter position; and the inferior vena cava entered the, 


right atrium in 46, as proved by catheter position or reflux 
of medium during angiocardiography, or at surgery or au- 


topsy. In the remaining nine cases the inferior vena cava 
was not entered or visualized. 

We identified the ventricles by their various internal 
morphologic characteristics. The angiocardiographic fea- 
tures of the morphologic right ventricle are gross trabecu- 
lation of the ventricular wall and presence of an outflow 
tract that is separated from the rest of the ventricle by 
the crista supraventricularis with its parietal and septal 
bands. The left ventricle is recognizable by its fine trabe- 
culae and the smoothness of its wall. 

We judged inversion of the ventricles by their relation 
to the atria. In either situs solitus or situs inversus of the 
viscera and atria, the ventricles may be noninverted (the 
morphologic right and left ventricles being connected by 
their own atrioventricular valves with the right and left 
atria, respectively) or inverted (the morphologic right ven- 
tricle being connected by its tricuspid valve with the left 
atrium, and the morphologic left ventricle by its mitral 
valve to the right atrium). 

The relation of the great arteries has been defined an- 
giocardiographically by the relative position of the pulmo- 
nary artery and aorta at the semilunar valve level. When 
this relation is normal, the aorta is posterior and slightly 
to the right of the pulmonary artery; in dextrotransposi- 
tion the aorta is anterior and to the right of the pulmo- 
nary artery; and in levotransposition the aorta is anterior 
and to the left of the pulmonary artery. The situation in 
which the aorta is directly anterior to the pulmonary ar- 
tery has been called ‘“‘zero-transposition.”’ 

In dextrocardia with atrial and visceral situs inversus, 
the right to left relation of the great vessels is inverted in 
comparison with their relation in situs solitus. Thus, the 
vessel position may be described as inverted-normally re- 
lated, inverted-dextrotransposed or inverted-levotran- 
sposed. Inverted-normally related in situs inversus means 
that the aorta is posterior and slightly to the left, in- 
verted-dextrotransposed that the aorta is anterior and to 
the left of the pulmonary artery, and inverted-levotran- 
sposed that the aorta is anterior and to the right of the 
pulmonary artery. 

When two ventricles were present, we estimated the po- 
sition of the septum according to the base to apex septal 
axis in the frontal plane. 

The presence cf Howell-Jolly bodies in the peripheral 
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TABLE | 
Classification and Distribution of 60 Cases of Dextrocardia 


Great Arteries 




















Normally Dextro- Levo- Zero- 
Viscera, Atria and Ventricles Related transposed transposed transposed* Total 
Situs solitus (isolated dextrocardia) (44 cases) 
Inverted ventricles As E, 21 2 23 
Noninverted ventricles 8 4 1 1 14 
Common ventricle Le 3 2 2 7 
Inverted- Inverted- Inverted- 
Normally Dextro- Levo- Zero- 
Related transposed transposed transposed 
Situs inversus (mirror-image dextrocardia) (11 cases) 
Inverted ventricles 1+ rs 2 vig 3 
Noninverted ventricles 5 1 E 2 8 
Common ventricle = 2s Bay EM ae 0 
Heterotaxia (5 cases) 
* Aorta just in front of pulmonary artery. 
+ Isolated ventricular inversion. 
TABLE II 
Isolated Dextrocardia (Situs Solitus Viscera and Atria) 
Pulmonary Outflow Tract Septal Axis (°+-) 
d PORC T Xe A-V Valve Incompetent Aortic Arch CARE REI C VE EZ 
Atre- — Nor- " 9-  12- 16l- 





Ventricles and Great Arteries Cases (no.) PS sia mal VSD  DORV R L R&L R L 120 160 180 





Inverted ventricles 23 
Levotransposed 21 15 3 3 17 6 3 4 3 1 20 18 3 
Zero-transposed 2 1 1 2 2 2 

Noninverted ventricles 14 
Normally related 8* 8 2 7t 2 4 2 
Dextrotransposed 4 2 2 3 1 S 2 2 
Levotransposed 1 1 1 1 1 
Zero-transposed 1 1 1 1 1 

Common ventricle 7 
Dextrotransposed 3 3 2 
Levotransposed 2 2 2 
Zero-transposed 2 2 1 





* Lung anomalies in three of these cases. 
+ Including two with coarctation of the aorta; the eighth case had an interrupted aortic arch. A-V = atrioventricular, DORV = double- 
outlet right ventricle; L = left; PS = pulmonic stenosis (valvular, subvalvular, or both); R = right; VSD = ventricular septal defect. 


blood smear has been considered highly suggestive of as- Situs Solitus of Viscera and Atria (Isolated 
plenia with situs solitus or situs inversus or with indefi- Dextrocardia) 
nite situs of the viscera.* 
Table II summarizes data from 44 cases with this 


Findings condition. Twenty-three had inverted ventricles, 14 

The distribution of the 60 cases in our series noninverted ventricles and 7 common ventricle. In 

among the various types of dextrocardia is summa- two cases Howell-Jolly bodies were found in the pe- 
rized in Table I. There were 44 instances of situs sol- ripheral blood smear, suggesting asplenia. 

itus of the viscera and atria, 11 of situs inversus of Inverted ventricles: In dextrocardia with situs 

the viscera and atria and 5 of viscera heterotaxia. solitus of the viscera and atria but inverted ventri- 
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FIGURE 2 (left). Scheme of dextrocardia with situs solitus of viscera and atria (isolated dextrocardia) and inverted ventricles (23 
cases). The great arteries were in levotransposition (21 cases) or in zero-transposition (2 cases). 


FIGURE 3 (right). Angiocardiograms of a 15 month old girl with dextrocardia, situs solitus of viscera and atria, inverted ventricles and 
levotransposition of great arteries. A and B, anteroposterior and lateral ventriculograms show the right-sided ventricle giving origin to 
the pulmonary artery (PA): this ventricle is morphologically the left ventricle (LV). The ventricular septum is well outlined, and no sep- 
tal defect is evident; subvalvular pulmonic stenosis is apparent (HV = hepatic vein). C and D, later after the same injection, ventricu- 
lograms show normal pulmonary venous return to the left atrium (LA). The aorta (Ao) is anterior and to the left of the pulmonary ar- 


tery. 


cles (Fig. 2), the morphologic right ventricle is to the 
left, connected by its own tricuspid valve to the left 
atrium; the morphologic left ventricle is to the right, 
connected by its own mitral valve to the right atri- 
um. In this group of 23 cases the angiocardiographic 
diagnosis was confirmed surgically in all 10 cases in 
which complete repair was performed, and in 4 cases 
at autopsy. The great arteries were transposed in all 
23 cases (Fig. 3 to 7): Levotransposition was the 
anomaly in 21, and zero-transposition in the other 2; 
all patients but one had a left aortic arch. 

Pressure gradients measured during catheteriza- 
tion in 9 of the 20 cases with pulmonary stenosis 
ranged between 20 and 100 mm Hg (average 57 mm 
Hg). In the other 11, the catheter did not enter the 
pulmonary artery, and the degree and level of ob- 
struction were judged from the angiocardiogram. 
Only three patients in this group had a normal pul- 
monary outflow tract. The two patients with zero- 
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transposition had pulmonary outflow tract obstruc- 
tion. 

Both great arteries arose from the morphologic 
right ventricle (double-outlet right ventricle) in six 
patients, who also had levotransposition and pul- 
monic stenosis (Fig. 7). 

Ventricular septal defects were present in 19 cases. 
In four there was neither a ventricular septal defect 
nor other sites of shunting, and these were the only 
cases with a normal pulmonary outflow tract (three 
cases) or mild pulmonary stenosis (peak systolic gra- 
dient 30 mm Hg [one case]). All four had atrioven- 
tricular valve incompetence affecting the right, left 
or both valves, and one also had complete heart 
block. Atrioventricular valve incompetence was pres- 
ent in 6 additional cases in the total group of 23 pa- 
tients. 

The base to apex septal axis was between +95° 
and +120° in 20 patients of this group and between 
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FIGURE 4. Angiocardiograms of a 13 year old boy 
with dextrocardia, situs solitus of viscera and atria, 
inverted ventricles and levotransposition of the 
great arteries. A through D, anteroposterior and 
lateral views during the first injection show that the 
left-sided ventricle is grossly trabeculated and is 
morphologically the right ventricle (RV). A ventric- 
ular septal defect (VSD) is evident (arrows in C), 
and the great arteries are opacified simultaneously. 
The aorta (Ao) is anterior and to the left of the pul- 
monary artery (PA), and the pulmonary valve is 
dome-shaped and stenotic. E and F, second injec- 
tion made into the right-sided ventricle. This vessel 
is tongue-shaped and smooth-walled and mor- 
phologically is the left ventricle (LV). Origin of the 
pulmonary artery from this ventricle is better dem- 
onstrated here. 





FIGURE 5. Angiocardiograms of a 13 
year old boy with dextrocardia and 
situs solitus of viscera and atria, in- 
verted ventricles and levotransposition 
of the great arteries. A and B, contrast 
medium opacifies the right-sided ven- 
tricle, which is the morphologic left 
ventricle (LV) and gives origin to the 
pulmonary artery (PA). Subvalvular 
and valvular pulmonic stenosis is evi- 
dent. The aorta (Ao), opacified by way 
of a ventricular septal defect (arrows), 
is anterior and to the left of the pul- 
monary artery. 
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FIGURE 6. Angiocardiograms of a 12 month old boy with dex- 
trocardia and situs solitus of viscera and atria, inverted ventri- 
cles, pulmonary valve atresia and levotransposition of the great 
arteries. A and B, first injection made into the right-sided ventri- 
cle. This vessel is the morphologic left ventricle (LV) and 
empties through a ventricular septal defect into the anteriorly 
placed aorta (Ao). The small indentation visible in A (arrow) 
probably represents a blind recess of pulmonary valve atresia. 
The pulmonary artery is opacified by way of a patent ductus ar- 
teriosus (arrows in B). C and D, in a later phase, the pulmonary 
artery (PA) is demonstrated more clearly. The aorta is anterior 
and to the left of it. E anc F, second injection, made with the 
catheter placed in retrograde manner into the left-sided ventri- 
cle, shows the morphologic features of the right ventricle (RV) 
more clearly. 


+160° and +180° in the other 3, all of whom had ex- 
treme atrial hypertrophy due to incompetence of the 
atrioventricular valve. 

Noninverted ventricles: Fourteen patients had 
situs solitus of the viscera and atria and dextrocardia 
with noninverted ventricles (Fig. 8). The morpholog- 
ic right ventricle connected through a tricuspid valve 
to a morphologic right atrium, the morphologic left 
ventricle through a mitral valve to the morphologic 
left atrium. The diagnosis made by catheterization 
and angiocardiography was confirmed in seven cases 
at the time of complete repair and in three others at 
autopsy. 

The great arteries were normally related in eight 
cases (Fig. 9 to 11) and transposed in six—dextro- 
transposed in four (Fig. 12), levotransposed in one 
(Fig. 13) and zero-transposed in one. 

In the eight cases with normally related great arte- 
ries, the pulmonary outflow tract and pulmonary 


FIGURE 7. Angiocardiograms of a 12 year old boy with dextro- 
cardia, situs solitus of viscera and atria, inverted ventricles, 
double-outlet right ventricle, and levotransposition of the great 
arteries. A and B, contrast medium injected into the right-sided 
ventricle opacifies a ventricular cavity. This vessel is morpholo- 
gically the left ventricle (LV), and its only outlet is a ventricular 
septal defect (arrows). C, in diastole, smoothness of wall of the 
left ventricle is more evident. D, second injection, made with 
the catheter placed in retrograde fashion into the morphologic 
right ventricle (RV). The aorta (Ao) is anterior and to the left of 
the pulmonary artery (PA), and the two great arteries arise from 
double outlets of the morphologic right ventricle. The ventricular 
septal defect is marked by arrows. 
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FIGURE 8. Scheme of dextrocardia with situs solitus of viscera 
and atria (isolated dextrocardia) and noninverted ventricles (14 
cases). The great arteries are normally related (eight cases), 
dextrotransposed (four cases), zero-transposed (one case), or 
levotransposed (one case). 
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FIGURE 9 (left). Angiocardiograms of a 6 month old girl with dextrocardia but situs solitus of viscera and atria, noninverted ventricles 
and normal position of great vessels. A and B, contrast medium injected by venous catheter into the right-sided and morphologic 
right ventricle (RV) shows a normal pulmonary outflow tract. The main pulmonary artery (PA) branches normally to the left lung, but 
the right pulmonary artery is hypoplastic. C and D, the late phase after the same injection shows normal venous return from the left 
lung into the left atrium (LA). The left ventricle (LV) gives rise to the aorta (Ao), which is related normally to the pulmonary artery. 


FIGURE 10 (right). Anteroposterior angiocardiograms of a 6 1/2 month old boy with dextrocardia, situs solitus of viscera and atria, 
noninverted ventricles and normal position of the great vessels. A, contrast medium injected into the right ventricle by a catheter that 
passed through the right atrium and superior vena cava from the left axilla. At right, the upper lobe artery is absent. B, in the late 
phase after the same injection, the left atrium (LA), left ventricle (LV) and aorta (Ao) are opacified. The ventricles are noninverted, 
and the great arteries are normally related. An aberrant right subclavian artery arises from the descending thoracic aorta, just proximal 


to coarctation (arrow). 


valve were normal. In three of these cases, there were 
no intracardiac anomalies, but hypoplasia of the 
right pulmonary artery and right lung was present 
(Fig. 9 and 10). Seven had a left aortic arch and one 
an interrupted arch. Two had coarctation of the 
aorta. The axis of the septum ranged from 95° to 
180°, but varied more than in the group with invert- 
ed ventricles. 

In one patient with right ventricular hypoplasia, 
tricuspid stenosis and a large atrial septal defect, the 
left atrium received the blood from the inferior vena 
cava and bilateral superior venae cavae, as well as 
from all the pulmonary veins. This condition was 
corrected in a two-stage operation with successful 


TABLE Ill 


Mirror-Image Dextrocardia (Situs Inversus Viscera and Atria) 


outcome. In the first stage, the plane of the septum 
was displaced to the left of the inferior vena cava 
and the left superior vena cava was ligated; in the 
second stage, the right superior vena cava was trans- 
planted to the right atrium. This case was an excep- 
tion to the rule of venoatrial concordance but not to 
visceroatrial concordance (Fig. 11). 

In another case, a condition comprising dextro- 
transposition, atrial septal defect, ventricular septal 
defect and pulmonic stenosis (Fig. 12) was corrected 
successfully with a new intraventricular surgical pro- 
cedure.? 

Common ventricle: Dextrocardia with situs sol- 
itus of the viscera and atria but common ventricle 





Ventricles and Great Arteries Cases (no.) PS 








Inverted 3 
Inverted-levotransposed 2 2 
Normally related 1 1 

Noninverted 8 
Inverted-normally related 5 2 
Inverted-dextrotransposed 1 1 
Zero-transposed 2 2 


Pulmonary 











AV Aortic Arch 
Valve In- à bi 

Atresia VSD DORV competent R L 

2 1 1 1 1 

1 1 
1 3 "T? 2 5 
1 1 1 
2 1 2 





Abbreviations as in Table II. 
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FIGURE 11 (left). Angiocardiograms of a 4 year old boy with dextrocardia, situs solitus of viscera and atria, noninverted ventricles and 
total systemic venous drainage into the left atrium. A and B, first injection made by a venous approach through an atrial septal defect 
into the left-sided ventricle. This vessel is the morphologic left ventricle and gives origin to the aorta. C and D, second injection opaci- 
fies the right-sided right ventricle and pulmonary artery; the right inferior vena cava and nepatic veins are opacified by reflux of medi- 
um. At operation, the inferior vena cava was found draining into the atrium at the left of the displaced atrial septum, along with the left su- 
perior vena cava. The septum was displaced to the left of the inferior vena cava and the left superior vena cava was ligated. E and F, 
contrast medium injected postoperatively into the right superior vena cava shows this vessel also draining into the left atrium (LA). In 
the second stage of operation, the right superior vena cava was transplanted to the right atrium. 


FIGURE 12 (right). Angiocardiograms of a 2 year old boy with dextrocardia, situs solitus of viscera and atria, noninverted ventricles 
and dextrotransposition of the great vessels. A and B, first injection made by a venous approach into the right-sided, high-positioned 
ventricle that is the morphologically right ventricle (RV). It gives origin to the aorta (Ao), which is anterior and to the right of the pul- 
monary artery (PA). The latter is opacified by way of a ventricular septal defect. C and D, second injection made by a catheter passed 
in retrograde fashion through the ventricular septal defect into the other ventricle, which is morphologically the left ventricle (LV), 
shows the origin of the pulmonary artery (PA): E and F, late phase after second injection shows pulmonary venous return to the left 
atrium (LA), left ventricle (LV) and again to the pulmonary artery, as in complete transposition. In this case successful correction was 
accomplished by intraventricular repair of transpositions. 


FIGURE 13. Angiocardiograms of an 8 year old boy with dextro- 
cardia, situs solitus of viscera and atria, noninverted ventricles 
and levotransposition of the great arteries. A and B, first injec- 
tion made by a venous catheter through an atrial septal defect 
into the ventricular chamber. This chamber lies anteriorly and 
inferiorly and is the morphologically left ventricle (LV). The sec- 
ond ventricle and both great arteries are opacified by way of a 
ventricular septal defect. The aorta (Ao) is anterior and to the 
left of the pulmonary artery (PA). C and D, second injection 
shows clearly the second ventricle (RV), which lies on top of 
the other. Again both great arteries are opacified almost simul- 
taneously. This condition was corrected successfully by homo- 
graft. 
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was present in seven cases (Fig. 14). All had transpo- 
sition of the great arteries: dextrotransposition in 


three (Fig. 15), levotransposition in two, and zero- 


transposition in two. In one of the latter cases (Fig. 
16), the common ventricle was disclosed only at sur- 
gery; the angiocardiogram had been interpreted as 
showing a ventricular septum dividing two well de- 
veloped ventricles. 

Either valvular or subvalvular pulmonic stenosis 
was indicated by angiocardiography in all cases, and 
in one there was a measured gradient of 50 mm Hg. 
Five patients had a large common ventricular cavity 
with only a rim of rudimentary ventricular septum, 
and two had a common ventricular chamber and an 
outflow chamber. In one of these two, both great ar- 
teries branched from the outflow chamber in dextro- 
transposition (Fig. 15). 


Situs Inversus of Viscera and Atria ("Mirror-Image 
Dextrocardia") 


Of 11 patients with this condition (Table III), 3 
had inverted and 8 had noninverted ventricles. 

Inverted ventricles: Since the ventricles in the 
three cases mentioned were inverted in reference to 
inverted viscera and atria, the morphologic right 
ventricle was to the right, connected by its own tri- 
cuspid valve to the left atrium, and the morphologic 
left ventricle was to the left, connected with the 
right atrium (Fig. 17). 

The great arteries were transposed in two cases, 
the aorta being anterior and to the right of the pul- 
monary artery. Because of this position of the great 
arteries and their relation with the situs of the vis- 
cera, these two cases are the mirror image of levo- 
transposition with situs solitus of viscera and levo- 
cardia. By analogy, therefore, the condition should 
be termed inverted levotransposition rather than 
dextrotransposition of the great arteries (Fig. 18). 
Both patients had a ventricular septal defect and 
pulmonary stenosis. 
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FIGURE 14. Scheme of dextrocardia with situs solitus of viscera 
and atria (isolated dextrocardia) and common ventricle (seven 
cases). The great arteries are dextrotransposed (three cases), 
levotransposed (two cases) or zero-transposed (two cases). 


In the third case (Fig. 19), although the ventricles 
were inverted in reference to the atria, which were 
also inverted, the great arteries were not transposed. 
The morphologic right ventricle was connected to 
the left atrium and gave origin to the pulmonary ar- 
tery; the morphologic left ventricle was connected to 
the right atrium and gave rise to the aorta. This 
unique arrangement of the atria, ventricles and great 
arteries results in a physiologic complete transposi- 
tion and is called “isolated inversion of the ventri- 
cles." 3 





FIGURE 15. Angiocardiograms of a 10 year old boy with dextrocardia, situs solitus of viscera and atria, and common ventricle with 
both great arteries arising in dextrotransposition from a rudimentary chamber (double-outlet right ventricle). A, B and C, injections 
made into a large ventricular cavity that has the morphologic features of a left ventricle (LV). From this ventricle, a small outflow 
chamber (OC) is filled by way of a bulboventricular foramen (BVF). Both great arteries take origin from this outflow chamber in dex- 


trotransposition. Subvalvular and valvular pulmonary stenosis is present. 
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FIGURE 16 (left). Angiocardiograms of a 25 year old man with dextrocardia, situs solitus of viscera and atria, common ventricle and 
zero-transposition of great arteries. A and B, first injection made by venous Catheter into a right-sided ventricle, which is morphologi- 
cally the left ventricle (LV). A large ventricular septal defect is visible, and both great arteries are opacified. The aorta (Ao) is anterior 
to and just in front of the pulmonary artery (PA). C and D, a few frames later, a second ventricle appears to be opacified through a 
ventricular septal defect. E and F, second injection, made by a catheter placed in retrograde fashion through the aorta, seems to show 
the second ventricle even more clearly. Although the ventricular septum appeared clearly in anteroposterior views (C and E), operation 
revealed only one ventricle with a ridge as a rudimentary septum. 





FIGURE 17 (right). Scheme of dextrocardia with situs inversus of viscera and atria (mirror-image dextrocardia) and inverted ventricles 
(three cases). The great arteries are in inverted levotransposition (two cases) or inverted-normally related (one case being isolated 
ventricular inversion). 


FIGURE 18. Angiocardiograms of a 14 
month old boy with dextrocardia, situs inver- 
sus of viscera and atria, inverted ventricles 
and inverted levotransposition of the great 
arteries. A and B, injection made by a ve- 
nous catheter into a left-sided ventricle, 
which is morphologically the left ventricle 
(LV). The second ventricle, which is mor- 
phologically the right ventricle (RV), is 
opacified by way of a ventricular septal de- 
fect. From this ventricle, the aorta (Ao) orig- 
inates anteriorly and to the right of the pul- 
monary artery (PA) (inverted levotransposi- 
tion). HV = hepatic vein. 
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Noninverted ventricles: Situs inversus totalis—in 
which the ventricles are located in accordance with 
the inverted atria and viscera—was found in eight 
cases. The morphologic left ventricle was to the 
right, connected with the left atrium, and received 
pulmonary venous blood. The morphologic right ven- 
tricle was to the left, connected with the right atri- 
um, and received systemic venous blood (Fig. 20). 
Complete surgical repair was accomplished in five 
cases in this group, and autopsy examination was 
performed in the other three. 

Five of the patients had inverted normally related 
great arteries with the aorta posterior and slightly to 
the left of the pulmonary artery at the valvular level 
(Fig. 21). Four of these five patients had associated 
significant intracardiac lesions (partial atrioventricu- 
lar canal, complete atrioventricular canal, pulmo- 
nary atresia and tetralogy of Fallot, respectively). 
The fifth patient had congenital heart block, bron- 
chiectasis and acquired mitral and aortic valve dis- 
ease. 

The remaining three had transposition of the great 
arteries: inverted dextrotransposition in one (Fig. 22) 
and zero-transposition in two. Angiocardiography in 
one of the latter indicated a bizarre trabecular pat- 
tern of both ventricles, and autopsy revealed an un- 
usual spongy-appearing right and left myocardial 
pattern.* All eight patients had right aortic arch. 


Heterotaxia 


Five patients had dextrocardia with indeterminate 
situs of the viscera. Pulmonic stenosis was present in 
all five. Four had asplenia, and one had polysplenia. 
Three of the four with asplenia also had common 
ventricle and transposition of the great vessels. How- 
ell-Jolly bodies were found in special peripheral 
blood smears from all four. The diagnoses in the case 
with polysplenia and in two of the cases of asplenia 
were confirmed at autopsy. 


Comment 


Of the many proposed classifications of dextrocar- 
dia, 1.2.5-11 none has been widely accepted. We have 
chosen to classify our cases according to an analysis 
of cardiac parts (atria, ventricles and great vessels) 
and the situs of the viscera, as determined by chest 
roentgenograms and large-film biplane angiocardio- 
grams, with frequent confirmation by autopsy and 
surgical examinations. 

In our series we did not find—by angiocardiogra- 
phic or anatomic examination—any exception to the 
rule of visceroatrial concordance, and this uniformity 
is in agreement with previous anatomic reports on 
dextrocardia.9:12 In one case (Fig. 11), however, 
there was an exception to venoatrial concordance, 
which has been reported!? to be even more reliable 
than visceroatrial concordance. 

Because the presence of a septum and two ventri- 
cles of adequate size is necessary for complete surgi- 
cal repair, it must be determined accurately in diag- 
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FIGURE 19. Angiocardiograms of a 1 year old girl with dex- 
trocardia, situs inversus of viscera and atria, and inverted ven- 
tricles but no transposition of great arteries (isolated inversion 
of ventricles). A and B, first injection made by a catheter that 
passes through a left superior vena cava and the right atrium 
into the adjacent ventricle. The opacified ventricle is located 
to the left and has the morphologic features of a left ventricle 
(LV); the aorta (Ao) takes origin from it and arches to the 
left. A small ventricular septal defect is indicated by spreading of 
medium into the second ventricle, which is located to the right and 
posteriorly. C and D, with the catheter extended through the 
right atrium (RA) and by way of an atrial septal defect into the 
left atrium (LA), a second injection demonstrates the second 
ventricle more clearly, revealing morphologic features of a right 
ventricle (RV) (HV = hepatic vein). The pulmonary artery (PA) 
originates from this ventricle, arising anterior and slightly to the 
left of the aorta (normally related great arteriés). 


nostic study. Therefore, the situs of the ventricles 
and the ventricular internal anatomy were assessed 
directly in our series, rather than deduced by the 
loop rule from the position of the great arteries, as 
advocated by some.!?.1* Exceptions to the loop rule 
occur, especially when there is severe pulmonary 
outflow tract obstruction, as is common in dextro- 
cardia, or when one ventricle is very large in compar- 
ison to the other (Fig. 13). The seven cases of zero- 
transposition (12 percent of our series) are exceptions 
in which the situs of the ventricles cannot be derived 
from the position of the arteries. Even more impor- 
tant from a clinical standpoint is the fact that the 
presence of two well developed ventricles cannot be 
inferred from the loop rule. 

Angiocardiographic study defined the ventricular 
anatomy in 93 percent of cases, and this assessment 
was confirmed at the time of complete operative re- 
pair in 23 cases and by autopsy in 13. In one case an- 
giocardiograms seemed to show two ventricles (Fig. 
16), but at surgery only one ventricle with a rudi- 
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FIGURE 20 (left). Scheme of dextrocardia with situs inversus of viscera and atria (mirror-image dextrocardia) and noninverted ventricles 
(eight cases). Great arteries are inverted-normally related (five cases), in zero-transposition (twc cases) or in inverted dextrotransposi- 
tion (one case). 


FIGURE 21 (right). Angiocardiograms of a 7 year old girl with dextrocardia, situs inversus of viscera and atria, noninverted ventricles 
and inverted-normally related great arteries. A through D, first injection made into an anterior ventricle which has the morphologic fea- 
tures of a right ventricle (RV). The ventricular septum is shown clearly, with no evidence of septal defect. The pulmonary artery (PA) 
takes origin from this ventricle and divides into right and left branches (RPA and LPA), which appear as the mirror image of pulmonary 
arteries in situs solitus. Subvalvular and valvular pulmonic stenosis is evident (panels B and D). E and F, second injection made into a 
second ventricle, which is posterior and slightly to the right of the first and has morphologic features of a left ventricle (LV). Typical 
gooseneck deformation of outflow tract (arrow in panel E) suggests atrioventricular canal defect. Great arteries are inverted-normally 
related. 


FIGURE 22. Angiocardiograms of a 12 year old boy with dextro- 
cardia, situs inversus of viscera and atria, noninverted ventri- 
cles, and inverted dextrotransposition of great arteries. A and B, 
injection made by a catheter passed through a left superior 
vena cava and left-sided right atrium into a ventricle that lies 
anteriorly and has morphologic features of a right ventricle 
(RV). The second ventricle (LV) is filled through a ventricular 
septal defect. The great arteries are transposed (inverted dex- 
trotransposition) with the aorta (Ao) anterior and slightly to the 
left of the pulmonary artery (PA). The pulmonary artery appears 
stenotic at the valvular level and slightly hypoplastic. 
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ment of a septum was found. In all cases the position 
of the great arteries, their origin from the ventricles 
and their relation at the valvular level could be de- 
termined from the angiocardiograms. 

Among our total of 60 cases of dextrocardia, 45 (75 
percent) had transposition of the great arteries— 
dextrotransposition or inverted dextrotransposition 
in 9, levotransposition or inverted levotransposition 
in 28 and zero-transposition in 8. In the other 15 
cases (25 percent), the great arteries were normally 
related or inverted-normally related. These data are 
consistent with data from two previous anatomic 
studies’:12 in which transposition of the great arte- 
ries was found in 70 and 61 percent, respectively, of 
cases of dextrocardia. 

Transposition of the great arteries occurred in 
combination with double-outlet right ventricle in 15 
percent of the series (nine cases), compared to the 12 
percent and 10 percent in previous anatomic re- 
ports.®:12 Cases with situs inversus of the viscera and 
atria and transposition of the great arteries were 
termed inverted dextrotransposition when the aorta 
was anterior and to the left of the pulmonary artery, 
and inverted levotransposition when the aorta was 
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anterior and to the right of the pulmonary artery. 
These cases are mirror images of dextrotransposition 
and levotransposition occurring in cases with situs 
solitus of the atria and viscera. 

Inverted dextrotransposition is a physiologically 
complete transposition and inverted levotransposi- 
tion is a corrected transposition, in accordance with 
the generally accepted meanings of dextrotransposi- 
tion and levotransposition. 

In the past, tetralogy of Fallot (which occurred in 
one case of our group with situs inversus of the vis- 
cera and was corrected completely) was thought to 
be a common condition in dextrocardia!9.16; more 
recently it has been recognized that this condition is 
uncommon, and many cases previously classified as 
tetralogy of Fallot have been reclassified as transpo- 
sition of the great arteries with pulmonic stenosis.!? 
Valvular and subvalvular pulmonic stenosis is com- 
mon in dextrocardia and occurred in 73 percent of 
our cases. 

Diagnostic accuracy and better understanding of 
the various types of dextrocardia are needed since 
improved surgical techniques have made it possible 
to repair many of these complex lesions. 
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Forty patients with atrial septal defect of secundum type diagnosed 
by cardiac catheterization underwent repeat study 1 1/2 to 14 years 
later to document the frequency of spontaneous closure. These 40 
patients were classified in two groups of 20 each according to age. 
Group 1 comprised 20 patients who were less than 1 year of age on 
the initial study and Group 2 comprised 20 patients who were older 
than 1 year on the initial study. 

Eleven of the 20 patients in Group 1 were noted to have spontane- 
ous closure of the atrial septal defect on repeat study. The incidence 
of spontaneous closure was not necessarily related to the size of the 
defect. In contrast, none of the 20 patients in Group 2 had spontane- 
ous closure on repeat study. Our data indicate that atrial septal de- 
fect of secundum type diagnosed in the first year of life frequently 
closes spontaneously. If the defect is diagnosed after the first year, 
it is unlikely to close spontaneously. 


Data on spontaneous closure of ventricular septal defect are well es- 
tablished.!-? In contrast, information on spontaneous closure of atri- 
al septal defect is less clearly defined. In this study we present serial 
hemodynamic observations in secundum atrial septal defect and dis- 
cuss spontaneous closure of this lesion. 


Material 


Forty patients with a diagnosis of isolated secundum atrial septal defect 
established by cardiac catheterization data were studied. Patients with ad- 
ditional cardiac defects were excluded from this study. All 40 patients had 
an initial and a repeat cardiac catheterization. In all 40 the catheter could 
be manipulated from the right to the left atrium at the initial study. Since 
passage of the catheter alone could indicate either an atrial septal defect or 
a patent foramen ovale, additional factors were considered essential for di- 
agnosis. A persistent increase in oxygen saturation of 10 percent or more at 
atrial level in addition to passage of the catheter from the right to the left 
atrium were considered adequate criteria for diagnosis of an atrial septal 
defect. If the increase in oxygen saturation was less than 10 percent, addi- 
tional information derived from hydrogen electrode study, data on presence 
or absence of equalization of left and right atrial pressures? and results of 
selective angiography were utilized to substantiate the diagnosis. Angiocar- 
diograms from the pulmonary artery or the left atrium, demonstrating a left 
to right shunt at the atrial level, were obtained in two thirds of the patients 
on initial study. Hydrogen electrode study was found most useful in older 
children, particularly on repeat catheterization, to prove spontaneous clo- 
sure of the defect. 
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TABLE | 
Degree of Left to Right Shunting by Increase in Percent 
Oxygen Saturation 
PRE Ce i fone SERIES Sas Ca VEU Scie ON ilb. voL 
95 Increase in Oz 
Saturation Between 


Ist Catherization 2nd Catherization 











SVC and PA (no. of cases) (no. of cases) 
pane uo eet SSE I Ea ER M NL. 
Group 1 
0-5 0 11 
6-10 2 4 
11-20 9 1 
>20 9 4 
Total 20 20 
Group 2 
0-5 2 2 
6-10 2 2 
11-20 11 12 
>20 5 4 
Total 20 20 





PA = pulmonary artery; SVC = superior vena cava. 


None of the 40 patients had congestive heart failure or 
any other cardiorespiratory problems. Clinically, they all 
presented with physical signs of a left to right shunt with 
evidence of some cardiac enlargement and increased pul- 
monary blood flow on the chest X-ray film. Cardiac cath- 
eterizations were performed mainly to establish the site 
and the size of the shunt. 

The 40 patients were classified in two groups. Group 1 
comprised 20 patients who were less than 1 year of age at 
the time of the first catheterization. Their ages ranged 
from 12 days to 1 year (average 5 months). Group 2 con- 
sisted of 20 patients who were more than 1 year of age on 
the initial study. Their ages ranged from 13 months to 11 
years (average 4 years). The two groups were also matched 
for sex; each group had 12 female and 8 male patients. On 
repeat cardiac catheterization studies, the minimal age in 
Group 1 was 2 years, the maximal age 12 years and the 
average age 5 years. In Group 2, the minimal age was 3 
1/2 years, the maximal age 19 years and the average age 9 
years. None of the 40 patients underwent operation be- 
tween the two cardiac catheterizations. 

The interval between the first and second cardiac cath- 
eterizations ranged from 1 1/2 to 14 years in both groups. 
In the majority of patients the repeat study was per- 
formed between 4 to 8 years after the initial procedure. 


Results 


Os saturation: Table IA shows the percent increase 
in oxygen saturation between superior vena cava and 
the pulmonary artery, representing shunting ob- 
served at the atrial level, as seen in Group 1 at 
initial and repeat cardiac catheterization studies. 
Only two patients in this group had an increase in 
oxygen saturation of less than 10 percent on initial 
cardiac catheterization. The majority of patients, 18 
of 20, had a more than 10 percent increase in oxygen 
saturation. However, on repeat study, 11 of these 20 
patients had no change in oxygen saturation between 
superior vena cava and pulmonary artery, thus 
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TABLE Il 
Pulmonary to Systemic Flow (QP/QS) Ratio 





Group 1 Group 2 
QP/QS Ratio lst Study 2nd Study lst Study 2nd Study 

1to1.5 2 11 2 2 
1.6 to 2 2 1 2 2 
2to3 14 6 12 13 

>3 2 2 4 3 
Total 20 20 20 20 

TABLE III 


Results on Repeat Cardiac Catheterization 


Group 1 Group 2 
Spontaneous closure 11 0 
Defect remained small 0 4 
Surgical closure 9 16 
Total 20 20 


suggesting that the defect in these 11 had probably 
closed spontaneously. In 4, the increase in oxygen 
saturation was less than 10 percent, and in the re- 
maining 5 patients the increase in oxygen saturation 
was more than 10 percent. 

Table IB shows the percent increase in oxygen sat- 
uration in Group 2. Four patients had a less than 10 
percent increase in oxygen saturation on initial car- 
diac catheterization, indicating a small defect, and 
16 had a more than 10 percent increase. On repeat 
cardiac catheterization, the values were almost iden- 
tical indicating that the defects did not change in 
size in contrast to findings in Group 1. 

Pulmonary flow and pressure: The estimated 
pulmonary to systemic flow ratio in the two groups 
on initial and repeat cardiac catheterization is shown 
in Table II. By using a pulmonary to systemic flow 
ratio of 2:1 as an arbitrary dividing line between de- 
fects of small and moderate size, it can be seen that 
16 patients in Group 1 had a moderate to large de- 
fect on their first study. On repeat study, only 8 of 
these 16 had a significant defect; in the other pa- 
tients spontaneous closure had apparently occurred. 
By contrast, in Group 2 the size of the defect re- 
mained essentially the same from the initial to the 
repeat study. These data show that the major hemo- 
dynamic changes in this lesion, as in other congeni- 
tal malformations, are most apt to occur in the first 
year of life. 

Increased pulmonary arterial pressure was present 
in only two patients in Group 1 and in none of 
the patients in Group 2. The pressure in these 
two patients was 60/25 mm Hg in one at age 5 weeks 
and 40/15 mm Hg in the other at age 3 weeks. In 
both instances the increased pressure could be ex- 
plained by the increased volume of pulmonary blood 
flow and partial persistence of fetal type of pulmo- 
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TABLE IV 


Hemodynamic Data in 11 Patients with Spontaneous Closure of 
Atrial Septal Defect 


Ist Study 2nd Study 

Average age 34% mo 5 yr 
Sex 6F, 5M 6F, 5M 
Flow ratio 

«2:1 3 lin all 

22:1 8 lin all 
LA and RA pressures 

Equal 8 0 

2-4 mm gradient 3 11 (PC and RA) 
PA pressure >40(S) 2 0 


LA = left atrial; PA = pulmonary arterial; PC = pulmonary 
capillary wedge; RA = right atrial; S = systolic. 


nary physiology. Both infants at repeat study had 
spontaneous closure of their atrial septal defects and 
normal pulmonary artery pressures. All patients in 
both groups had normal pressures on repeat study. 

Hemodynamic data in cases of spontaneous clo- 
sure: Table III shows the results of cardiac catheter- 
ization in two groups on repeat study. Spontaneous 
closure of atrial septal defect occurred in 11 patients 
in Group 1 and in none of the patients in Group 2. 
Four of the latter had a small atrial defect on initial 
cardiac catheterization and the size had not changed 
on repeat study. The remaining 9 patients in Group 
1 and 16 patients in Group 2 subsequently under- 
went successful surgical closure of the atrial defect. 

Table IV summarizes the data on 11 patients with 
spontaneous closure of atrial septal defect. Estimat- 
ed pulmonary to systemic flow ratio on initial study 
was less than 2:1 in three patients and greater than 
2:1 in eight patients. This finding suggests that the 
size of the defect, per se, was not a determining fac- 
tor in potential closure of the atrial defect. The mean 
left and right atrial pressures were equal in eight pa- 
tients on initial study and differed by 2 to 4 mm Hg 
in three patients. On repeat cardiac catheterization 
left atrial pressure measurements could not be ob- 
tained because the defect had closed, but pulmonary 
capillary wedge pressure was measured in all cases. 
A normal mean pressure gradient was found between 
pulmonary capillary wedge and right atrial pressure 
in all cases. The pulmonary arterial pressure was in- 
creased in only two patients on initial study and was 
normal in all patients on repeat study. Absence of a 
left to right shunt was confirmed by hydrogen elec- 
trode study in 9 of the 11 patients. 


Discussion 


Atrial septal defect of secundum type is considered 
to be one of the commonest congenital cardiac de- 
fects. The incidence among congenital heart defects 
was reported to be 18 percent by Wood,* 7 percent 
by Keith et al.? and 10 percent by Nakamura et al.? 
The secundum types of atrial septal defect are 
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known to be compatible with a long life span with 
some patients reported to live to 70 and 80 years.5-7 
Nakamura et al.? mention that approximately 50 
percent of patients with uncomplicated atrial septal 
defect survive for more than 40 years. The natural 
history of atrial septal defect of secundum type is 
well documented in older patients.9." Less is known 
about the course of atrial septal defect in infancy 
and early childhood, particularly in the first year of 
life, perhaps because it is relatively uncommon for 
this lesion to cause any problems or even be recog- 
nized in the first year of life.? In the series of 31 pa- 
tients described by Braudo et al.5 only 16 percent 
had a history of a heart murmur at birth and in 23 
percent, a murmur was not discovered until the pa- 
tient was 5 years old or older. It is of interest there- 
fore to consider certain factors in the natural history 
of secundum type of atrial septal defect. 

Although it is agreed that secundum types of atri- 
al septal defect have a relatively benign course in in- 
fancy and early childhood, some reports?:9-11 have 
indicated that this lesion can cause congestive heart 
failure and even death during infancy and early child- 
hood. The causes of death have been pulmonary hy- 
pertension, congestive heart failure and pneumonia. 

Spontaneous closure of atrial defect: Although 
the occurrence of spontaneous closure of ventricular 
septal defect is a well established fact,! less is known 
about spontaneous closure of atrial septal defect.? 
Hoffman et al.!? mentioned that left to right atrial 
shunts in infants are often asymptomatic and need 
not be associated with cardiomegaly or wide, fixed 
splitting of the second heart sound. They can also 
disappear spontaneously. Four of their six patients 
who were initially catheterized in infancy were 
shown at recatheterization to have no shunts. Hoff- 
man et al. also mentioned in their abstract four 
other patients whose murmurs had disappeared, pre- 
sumably with spontaneous closure of the defect. 
Timmis et al.!? in 1966 described a case of spontane- 
ous closure of atrial septal defect and raised the pos- 
sibility that the spontaneous closure was a result of 
an infective process involving the atrial septum and 
causing tissue reaction and subsequent fibrosis. Cay- 
leri described three patients with a left to right 
shunt at atrial level which was proved by cardiac 
catheterization studies during infancy but disap- 
peared after the first year of life. In one of Cayler's 
patients a large patent ductus arteriosus and con- 
genital aortic stenosis required surgery, and it is pos- 
sible that the atrial shunt was not responsible for the 
clinical symptoms. Cayler's second patient also had 
a patent ductus arteriosus, whereas his third patient 
had an uncomplicated atrial septal defect that dis- 
appeared by the eighth month of life. Cummings, 15 
in 1968, described functional closure of atrial septal 
defect in three patients. 

Our findings show that if spontaneous closure of 
secundum atrial septal defect occurs, it is most likely 
to take place during the first year of life, as it did in 
11 of the 20 patients in our Group 1. Since none of 
the defects initially diagnosed after the age of 1 year 
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closed subsequently, it would appear that after 1 
year of life, spontaneous closure is unlikely. Further- 
more, the data in our relatively small series indicate 
that the hemodynamic abnormalities tend to remain 
fairly constant after the first year of life. In our expe- 
rience, by the end of the first year the trend that the 
secundum defect will follow is more or less estab- 
lished. Since pulmonary to systemic flow ratio was 
greater than 2:1 in 8 of 11 patients with sponta- 
neous closure and less than 2:1 in only 3 of the 11, we 
believe that closure of the defect is not primarily re- 
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lated to the size of the defect. Left to right interatri- 
al shunting on the basis of an incompetent valve of a 
foramen ovale was first alluded to by Rudolph et 
al.16 in 4 of 23 infants who were symptomatic be- 
cause of a patent ductus arteriosus. This mechanism 
seemed possible but unlikely in our patients since 
none of them had associated defects. 

Flow gradients across the pulmonary valve were 
not noted in any of our patients on initial or repeat 
catheterization, thus indicating that this phenome- 
non occurs later in life. 
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Chemical ventricular defibrillation of the human heart by intravenous 
administration of bretylium tosylate (5 to 10 mg /kg body weight) can 
be a lifesaving procedure when an electrical defibrillator is not im- 
mediately available. Bretylium rapidly restored both a stable rhyth- 
mic beat (usually sinus) as well as good mechanical contractions in 
six episodes of ventricular fibrillation occurring in five of seven pa- 
tients in whom chemical defibrillation was attempted. Our experi- 
ence suggests that bretylium should be given intravenously as soon 
as fibrillation is detected, raising the patient's arm above the heart 
while maintaining closed chest massage and ventilation if necessary. 
Bretylium appeared to facilitate resuscitation even in the two pa- 
tients whose heart did not defibrillate chemically during the infusion 
since stable sinus rhythm was established after a single electrical 
countershock. No other drug has been shown to have this clinically 
useful direct defibrillatory capability with resultant patient survival. 


Without prompt electrical defibrillation, the occurrence of ventricu- 
lar fibrillation in a patient almost invariably results in death. Al- 
though some time may be gained by maintaining ventilation and 
closed chest heart massage, ventricular fibrillation occurring outside 
the hospital is usually catastrophic and, even within the hospital, 
critical delay in locating and utilizing an electrical defibrillator may 
prevent salvage of the patient. Often, electrical defibrillation alone is 
not sufficient to establish stable heart rhythm definitively, and epi- 
sodes of fibrillation may recur repeatedly unless appropriate treat- 
ment is instituted to correct the disorder triggering the fibrillation. 
Many lives might be saved with a drug that could induce prompt 
chemical ventricular defibrillation and a stable heart rhythm when 
electrical defibrillation cannot be immediately performed or is not 
entirely successful. 

Our attention was drawn to bretylium tosylate after several re- 
ports! * demonstrated the powerful effects of this agent in suppress- 
ing ventricular fibrillation in animals and man. Beginning in 1966, 
Bacaner and his co-workers! reported a series of experimental and. 
clinical studies demonstrating that bretylium suppressed the vulner- 
ability of the ventricle to undergo and sustain ventrieular fibrilla- 
tion. In quantitative studies Bacaner and his co-workers2-5 reported 
that bretylium produced a threefold increase in electrical ventricular 
fibrillation threshold of normal dogs and a fivefold increase in ani- 
mals whose fibrillation threshold had been lowered by acute coro- 
nary arterial ligation. The antifibrillatory effect of bretylium on the 
ventricles has been widely confirmed in other reported experi- 
ments.7-12 

We were particularly intrigued by observations! 5 that bretylium 
produced a phenomenon of “spontaneous defibrillation" in which a 
spontaneous return to normal rhythm with good mechanical contrac- 
tions occurred after periods of electrically induced fibrillation lasting 
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up to 2 minutes. This effect of spontaneous defibril- 
lation was also observed by Torresani et al.? In addi- 
tion, Bacaner? emphasized that the positive inotrop- 
ic action of bretylium in contrast to the myocardial 
depressing effects of the other antiarrhythmic drugs 
favored good mechanical as well as electrical resusci- 
tation. 

This combination of electrical and mechanical ac- 
tions appeared to be most favorable for cardiac re- 
suscitation and we decided to test if bretylium could 
chemically defibrillate the human heart de novo. In 
1968 we published our results in two patients in 
whom ventricular defibrillation was quickly achieved 
by the intravenous infusion of bretylium.!3 The suc- 
cessful defibrillation without use of electrical direct 
current shock and the survival of these patients en- 
couraged us to continue our investigation. 

Many experimental? !5 and clinical studies!®34 
have since confirmed the value of bretylium in sup- 
pressing recurrent and refractory ventricular fibrilla- 
tion as well as other arrhythmias. However, no other 
reports of direct chemical defibrillation without elec- 
trical countershock have appeared. This report is an 
extension of our preliminary report on the use of 
bretylium to induce chemical ventricular defibrilla- 
tion in seven patients. 


Methods 


The seven patients in this series represent an unselected 
group coming under our care at the Divisimedi Accettozione 
Guardia e pronto Soccorso dell'Ospedale Maggiore, Milan, 
Italy. 

All patients had arteriosclerotic heart disease; six 
had episodes of ventricular fibrillation in association with 
acute myocardial infarction. Bretylium tosylate was the 
only antiarrhythmic drug used. Bretylium was adminis- 
tered intravenously as rapidly as possible at a concentra- 
tion of 300 to 400 mg diluted in either 50 or 100 ml of 5 
percent glucose in water through an intravenous drip line, 
with the arm raised well above the level of the heart. In a 
few instances external cardiac massage was used to speed 
delivery to the heart and, when necessary, artificial venti- 
lation was maintained by a face mask and bag or mouth 
to mouth breathing. 

Results 


We treated seven patients with ventricular fibrilla- 
tion complicating acute myocardial infarction with 
intravenously administered bretylium tosylate. In 
five of the seven patients chemical defibrillation 
using only bretylium was achieved, and a rhythmic 
beat was promptly restored during the infusion. In 
two patients prompt chemical defibrillation was not 
achieved with bretylium, and electrical countershock 
treatment was instituted. In these two patients a 
single shock restored a rhythmic beat and there were 
no further episodes of ventricular fibrillation. Figures 
1 to 5 show the electrocardiograms of the five pa- 
tients who underwent successful chemical defibrilla- 
tion with bretylium alone. 


Discussion 


Bretylium restored both a rhythmic beat (usually 
sinus) as well as good mechanical contractions in six 
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FIGURE 1. Recent infarction of lateral wall and septum of left 
ventricle. After a period of bradycardia (first strip), ventricular 
fibrillation suddently developed (second panel). Bretylium, 5 
mg/kg diluted in 50 ml of 5 percent glucose in water, was ad- 
ministered. After infusion of about 70 ml (200 mg), chemical 
defibrillation occurred (arrow, fourth strip) and sinus rhythm 
was restored. 
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FIGURE 2. Ventricular fibrillation during acute myocardial in- 
farction. Bretylium, 400 mg, was infused intravenously. Sinus 
rhythm was restored after a phase of atrioventricular junctional 
parasystole (sixth strip) that disappeared shortly after the infu- 
sion. 
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FIGURE 3. Ventricular fibrillation after acute anteroseptal myo- 
cardial infarction. Bretylium, 5 mg/kg in 50 ml of 5 percent 
glucose in water, was infused rapidly. Chemical defibrillation oc- 
curred after infusion of 70 ml (200 mg) (arrow). The initial 
rhythm was complete atrioventricular block (rate 35/min). The 
degree of atrioventricular block progressively decreased from 
complete to partial block until sinus rhythm was established 
(last two strips). 
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FIGURE 5. Ventricular fibril'ation after acute myocardial infarc- 
tion. After rapid intravenous infusion of bretylium, 300 mg, slow 
idioventricular rhythm was observed. Because the heart rate re- 
mained slow, an intracardiac pacemaker was introduced and 
the heart rate was increased by electrical pacing for several 
davs. 
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FIGURE 4. Ventricular fibrillation after anterior-inferior myocar- 
dial infarction. The patient had heart failure and no detectable 
blood pressure. Upper panels, bretylium, 300 mg in 100 ml of 5 
percent glucose in water, was infused. After infusion of about 70 
ml (200 mg), sinus rhythm was observed (lead V3). Lower pan- 
els, ventricular fibrillation recurred after 20 minutes of sinus 
rhythm. After infusion of about 35 ml (100 mg) of bretylium, 
sinus rhythm was definitively restored (lead aVF) and blood 
pressure increased to 105/60 mm Hg. 


episodes of ventricular fibrillation in five of seven pa- 
tients in whom chemical defibrillation was attempt- 
ed. To our knowledge no other drug has been shown 
to have this clinically useful direct defibrillatory ca- . 
pability 

Many clinical reports$.16-22.28.30-33 indicate that 
bretylium often facilitates electrical defibrillation 
and stable rhythm in patients with recurring ventric- 
ular fibrillation resistant to either direct-current 
electrical shock or other antiarrhythmic drugs, or 
both. The evidence suggests that an effective proce- 
dure in cardiac resuscitation is to give bretylium by 
vein as soon as ventricular fibrillation is detected 
while making preparations for electrical defibrilla- 
tion. Optimally, the bretylium infusion will result in 
prompt chemical defibrillation. However, even if this 
result is not achieved, the rhythm-stabilizing action 
of bretylium would take effect and promote defibril- 
lation by direct-current electrical shock. The two pa- 
tients in our series who did not have spontaneous de- 
fibrillation during administration of bretylium re- 
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sponded easily to a single direct current shock that 
established stable sinus rhythm. 

Other antiarrhythmic drugs are reported to antag- 
onize the antifibrillatory action of bretylium.3.14.19. 
20 Bernstein and Koch-Weser?! recently called atten- 
tion to this antagonism in a clinical study observing 
that the earlier bretylium was given in the course of 
treatment the more favorable the outcome. These 
data support the early administration of bretylium 
as the primary drug in order to speed its onset of ac- 
tion, avoid antagonism by other drugs and minimize 
delay in resuscitation. 

It is useful to carry out closed chest cardiac mas- 
sage and to maintain ventilation to sustain the cir- 
culation while preparing the injection and to speed 
delivery of the drug to the heart. Surprisingly, how- 
ever, defibrillation and restoration of circulation oc- 
curred so promptly in our five responding patients 
that little mechanical assistance was needed. It was 
usually not necessary to administer norepinephrine 
or other cardiotonic drugs to support the blood pres- 
sure after defibrillation probably because the posi- 
tive inotropic action of bretylium itself improved 
cardiac contractility.3.9.14.195,35-38 Indeed, to judge 
from the favorable response of blood pressure, the 
positive inotropic action of bretylium appeared to be 
a valuable adjunct to its antifibrillatory action in es- 
tablishing a stable state after defibrillation. This 
property of bretylium may make it more useful than 
electrical shock alone. 

Time and dose response factors: Chemical defi- 
brillation occurred rapidly, usually within 1 or 2 
minutes. Antifibrillatory action began earlier than 
would be anticipated from previous work of Bacaner 
and co-workers? and Torresani et al." indicating 
that the electrical fibrillation threshold in the canine 
heart did not begin to rise until approximately 15 
minutes after intravenous infusion of bretylium and 
continued to rise for 2 to 3 hours. It may be that in 
the latter studies an earlier onset of antifibrillatory 
effect was not reflected sensitively by changes in 
measured electrical ventricular fibrillation threshold 
alone. Species variability may also account for a dif- 
ference in human and canine myocardium since the 
latter is extremely vulnerable to ventricular fibrilla- 
tion.1.3-5 

There was evidence that maintenance of stable 
sinus rhythm was dose-dependent. In Patient 4 (Fig. 
4) ventricular fibrillation recurred 20 minutes after 
initial chemical defibrillation and a second dose was 
needed before defibrillation occurred and sinus 
rhythm was definitively established. In general, a 
dose of 5 to 10 mg/kg body weight produced a satis- 
factory therapeutic effect in most patients. Effective 
doses in animals are reported to be larger (15 to 20 
mg/kg).1.3-5.7 

Mechanism of supression of ventricular fibrilla- 
tion: Although ventricular fibrillation was terminat- 
ed quickly after intravenous administration of bretyl- 
ium, suppression of ventricular ectopic beats was 
often not observed until 20 to 40 minutes after treat- 


ment. These observations are in accord with clinical 
reports by Bacaner$ and Day and Bacaner?? that 
suppression of ventricular fibrillation by bretylium 
occurs more rapidly and at lower dose levels than 
suppression of other ventricular arrhythmias. This 
temporal difference in response was also observed by 
Dhurandhar et al.,?* who reported that bretylium ef- 
fectively terminated multiple episodes (up to 60) of 
ventricular fibrillation in 17 of 18 patients whose 
dysrhythmia was not controlled by large doses of li- 
docaine and various other drugs. They noted that 
episodes of fibrillation were promptly terminated de- 
spite prolonged persistence in some patients of R on 
T ventricular ectopic beats that had previously 
triggered fibrillation. The time difference in the 
onset of these actions indicates that the antifibrilla- 
tory action of bretylium occurs long before ventricu- 
lar ectopic beats are suppressed and does not depend 
on indirect suppression. This mechanism is 
seemingly different from that of drugs like lidocaine, 
quinidine and procainamide given primarily to sup- 
press ventricular ectopic beats. The rapid chemical 
defibrillation in our patients contrasts with the re- 
sponse in the study of Dhurandhar et al.?! in which 
ventricular fibrillation was not terminated earlier 
than 15 minutes after administration of bretylium. 
Patients in their series had been refractory to multi- 
ple other drugs before they received bretylium, and 
delayed effect of bretylium may have been due to 
antagonism induced by these drugs.?:39 Our patients 
received bretylium as the first and only drug. 

The vulnerability of infarcted myocardium to ven- 
tricular fibrillation is reflected by a marked decrease 
in electrical ventricular fibrillation threshold.!.4 
Thus, ordinarily innocuous ectopic beats falling dur- 
ing the vulnerable' period of the T wave may trigger 
ventricular fibrillation when the fibrillation thresh- 
old becomes critically depressed. In experiments in 
which myocardial infarction was induced in dogs by 
coronary arterial ligation, Bacaner and Schriene- 
machers* reported that fibrillation threshold was 
lowered from a control level of 18.6 + 3.4 to 6.3 + 
5.4 mamp. Subsequent administration of bretylium 
(10 mg/kg) raised the fibrillation threshold of the in- 
farcted myocardium to 31.7 + 27.6 mamp, a fivefold 
increase. In a study comparing the effect of various 
antiarrhythmic drugs on electrical ventricular fibril- 
lation threshold, Bacaner? reported that (1) lido- 
caine, quinidine and procainamide did not alter fi- 
brillation threshold, (2) diphenylhydantoin lowered 
threshold, and (3) bretylium and, to a lesser degree, 
propranolol raised fibrillation threshold. These gen- 
eral results were confirmed by Rothfeld et al.,9 who 
investigated the capacity of antiarrhythmic drugs to 
prevent ventricular fibrillation induced by paired 
pacing in dogs with coronary arterial ligation. They 
found that (1) lidocaine, quinidine and diphenylhy- 
dantoin were without effect, (2) propranolol was pro- 
tective but only at dose levels that produced severe 
myocardial depression, and (3) bretylium protected 
against ventricular fibrillation and also augmented 
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myocardial contractility. They concluded that paired 
pacing might be clinically useful in treating low car- 
diac output states under the protective effect of 
bretylium.? 

Bretylium appears to suppress ventricular fibrilla- 
tion by directly raising ventricular fibrillation 
threshold, thus making the heart less vulnerable to R 
on T ectopic beats that could initiate fibrillation. In 
contrast, a drug such as lidocaine, which is reported 
not to raise fibrillation threshold,? appears to de- 
crease the vulnerability to fibrillation by reducing 
the number of ectopic beats. This action decreases 
the probability that an ectopic beat will occur during 
the vulnerable period to initiate fibrillation in in- 
farcted myocardium. On these grounds Lown et al.39 
advocated aggressive suppression of ectopic ventricu- 
lar beats with lidocaine to reduce the incidence of 
ventricular fibrillation in patients with myocardial 
infarction. However, data from several later stud- 
ies have shown that even effective suppression of ec- 
topic ventricular beats with lidocaine and other 
drugs may not reduce the incidence of ventricular fi- 
brillation.20.40-43 

Since the objective of treatment is to prevent or 
suppress ventricular fibrillation, a drug like bretyl- 
ium, which directly increases ventricular fibrillation 
threshold, would have a definite advantage over a 
drug like lidocaine, which primarily suppresses ec- 
topic beats, since these beats would be rendered rel- 
atively innocuous if they could not initiate ventricu- 
lar fibrillation. 

Prevention of ventricular fibrillation: Recently 
Torresani et al.22 reported a controlled study of 
bretylium in the treatment of unselected patients 
with acute myocardial infarction. Fifty-six patients 
prophylactically treated with a continuous intrave- 
nous infusion of bretylium, 10 mg/kg per 24 hours, 
throughout their stay in the coronary care unit were 
compared with 50 patients treated with lidocaine 
and hydroxyzine in appropriate dosage in a similar 
manner. The authors found significantly fewer in- 
stances of serious ventricular arrhythmias and ven- 
tricular fibrillation and less mortality in patients 
treated with bretylium than in those treated with li- 
docaine and hydroxyzine. They advocated prophy- 
lactic use of bretylium in patients with myocardial 


infarction during their stay in the coronary care 
unit.22 

Antiarrhythmic actions of bretylium: Electrical 
studies have shown that the electrophysiologic ac- 
tions of bretylium differ completely from those of 
other antiarrhythmic drugs.*4 46 The antifibrillatory 
effect appears to result from a direct action on the 
myocardial cell, probably by alteration of membrane 
permeability to potassium and calcium.19.15 The 
suggestion that these effects are mediated by the ad- 
renergic blocking action seems unlikely from stud- 
ies by Cervoni et al.19 and Amsterdam et al.37 show- 
ing that sympathectomy and adrenergic blockade do 
not impair either the antifibrillatory or positive ino- 
tropic effects of bretylium. Watanabe et al.** ob- 
served hyperpolarization of phase 4 of the action po- 
tential (resting membrane potential) in isolated 
strips of rabbit ventricle, but no effect on resting 
membrane potential in rabbit atria. In ventricular 
tissue, depolarization was accelerated and action po- 
tential duration was slightly shortened at pacing 
rates of up to 100/min. Such effects might influence 
arrhythmias and ventricular fibrillation caused by 
reentry of impulses. The occurrence of unidirectional 
block in partially depolarized fibers of atrioventricu- 
lar tissue or the His-Purkinje system with resulting 
asymmetric depression of conductivity due to local- 
ized block may indeed explain some disorders of 
rhythm on the basis of microreentry. Bretylium may 
suppress such arrhythmias by mechanisms that in- 
terrupt the wave of reentry (1) by increasing the rate 
in the rise of the action potential,*9 thereby improv- 
ing conduction and thus antagonizing local unidirec- 
tional blocks and inhibiting the process of reentry, 
and (2) by altering the effective refractory period 
and duration of action potential*?.46 thus decreasing 
the chance that impulses initiated by incompletely 
repolarized or partially depolarized fibers would 
evoke local gradual responses or aborted action po- 
tentials. On theoretical grounds, therefore, bretylium 
should be effective in the treatment of reentry ar- 
rhythmias. 

Side effects: Bretylium appears to be safe. The 
drug was well tolerated in all patients although tran- 
sient postural hypotension occurred and, in a few 
cases, nausea. ; 
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An automatic injection device containing atropine solution (AtroPen 
Auto-Injector) was studied to determine whether atropine adminis- 
tered intramuscularly with the device would satisfactorily increase 
the heart rate in patients with bradycardia after acute myocardial in- 
farction. The solution used was 1.67 mg of atropine base in citrate 
buffer, the same amount of atropine base as in 2 mg of atropine sul- 
fate. 

The auto-injector device enabled the solution to be injected intra- 
muscularly under high pressure, and the result was a surprisingly 
prompt and sustained increase in heart rate in patients after acute 
myocardial infarction and in other conditions. The preparation had a 
lesser effect on heart rate in patients without bradycardia. Systolic 
blood pressure also increased after injection especially in patients 
with previous hypotension. The injection did not appreciably affect 
serum creatine phosphokinase levels. A comparison of heart rates 
after injection by AtroPen into the deltoid and vastus muscles 
showed no significant difference between these sites. 

Dryness of the mouth was a common side effect, and two patients 
with myocardial infarction experienced exacerbations of chest pain 
after injection. No dangerous cardiac arrhythmias were experienced 
after treatment. 


The ability of atropine given by conventional intramuscular injection 
to cause an increase in heart rate is well established. Conventional 
intramuscular injection of 2 mg of atropine sulfate induces a re- 
sponse! in about 20 minutes, the maximal heart rate being reached 
in about 45 minutes. Intravenous administration of atropine induces 
tachycardia more rapidly (in about 2 minutes); the maximal heart 
rate occurs earlier, and the total duration of action is about 60 min- 
utes.! In this study we examined the feasibility of using an automat- 
ic injector for delivery of atropine in acute bradycardia and other 
conditions. 


Methods and Materials 


During the 12 months from June 1971 to May 1972 an automatic injector 
for administration of atropine (AtroPen) was used in the coronary care unit 
at the Royal Melbourne Hospital. The AtroPen is 3.75 inches long and 0.5 
inch in diameter (Fig. 1). The unit is spring-loaded and, on removal of a 
safety device and firm application of the injector head to the skin, a 22 
gauge needle, 0.8 inch long, emerges rapidly from the end of the injector, 
penetrates the skin and simultaneously delivers the contents under pressure 
to the underlying muscle. The device contains 1.67 mg of atropine base in a 
citrated buffer solution, the amount of atropine base being the same as that 
in 2 mg of atropine sulfate. The deltoid muscle was chosen as the site for 
injection. During the 12 month period, AtroPen injection was performed 30 
times to 27 patients, of whom 23 had definite or possible myocardial infarc- 
tion. The diagnosis in these patients and the indications for use of AtroPen 
are shown in Tables I and II. 
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TABLE | 


Diagnosis in 27 Patients Who Received AtroPen Injection 


Patients 
Diagnosis (no.) 
Acute myocardial infarction 
Definite {7 
Possible 6 
Crescendo angina 2 
Nodal bradycardia 1 
Vasovagal syncope 1 


In each patient an electrocardiographic rhythm strip 
and systolic and diastolic blood pressure were recorded 
immediately before injection and 2, 4, 6, 12, 30, 45 and 90 
minutes after injection. Additional rhythm strips were re- 
corded more frequently in selected patients. 

The patients were asked to report specific side effects, 
namely, visual disturbance, chest pain, dry mouth, uri- 
nary difficulties, palpitations and drowsiness. Volunteered 
information on any other side effects was also recorded. 


Results 


Effect on heart rate: Of the 21 patients with 
sinus bradycardia who underwent injection by Atro- 
Pen, all but 1 had a satisfactory increase in heart 
rate. The average heart rate before injection was 51 
beats/min; Figure 2 shows the average heart rate at 
various times after injection. There was a prompt in- 
crease in pulse rate and a sustained rate 90 minutes 
after injection. The maximal average heart rate was 
96 beats/min 30 minutes after injection. 

All patients continued to have sinus rhythm. One 
patient, a 59 year old man who had nodal and ven- 
tricular ectopic beats before injection, continued to 
have these beats after injection despite an increase 
in heart rate from 55 (preinjection) to 95 beats/min 
(maximal postinjection). Lidocaine given after 
the AtroPen controlled the ventricular ectopic beats, 
but the patient died 24 hours later with cardiogenic 
shock. 


TABLE Il 
Indications for 30 Injections of AtroPen in 27 Patients 


Injections 
Patients of AtroPen 
Indication (no.) (no.) 
Sinus bradycardia 18 21 
Sinus rhythm (pulse greater than 60) 
With idioventricular rhythm 4 4 
With ventricular extrasystoles 2 2 
Other 1 1 
Nodal bradycardia 1 1 
Third degree atrioventricular block 1 1 
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FIGURE 1. AtroPen automatic injector before and after firing. 


Effect on blood pressure: Most patients showed 
some increase in systolic blood pressure after Atro- 
Pen injection. The average level rose from 119 (prein- 
jection) to 146 mm Hg (maximal postinjection). An 
attempt was made to note whether initial blood 
pressure bore any relation to increase in blood pres- 
sure. For this purpose we classified the patients in 
two groups. Of the 21 cases, 1 was excluded because 
of incomplete blood pressure recordings. Nine pa- 
tients had an initial systolic blood pressure value of 
120 mm Hg or more (Group I), and 11 patients had 
an initial value of 115 mm Hg or less (Group II). The 
results on comparison of mean values of cardiac rate 
and blood pressure in the two groups are shown in 
Table III. There was no significant difference be- 
tween initial pulse rates or increase in pulse rates 
after AtroPen administration. However, in Group II 
(patients with initial relative hypotension) there was 
a statistically significant greater increase in blood 
pressure than in Group I (P < 0.05). 

An attempt was made to correlate the percent 
change in systolic blood pressure with the percent 
change in pulse in each case (Fig. 3). Patients 1, 2, 4, 
5, 15 and 17 had a marked percent increase in pulse 
compared with blood pressure. Patients 3, 11, 13, 14, 
18 and 20 had a much smaller percent increase in 
pulse compared with blood pressure. The average 
age of the former group was 8 years less than that of 
the latter group; the two groups did not differ in sex 


HEART RATE 
BEATS/MIN. 





PRE 10 30 60 90 


TIME (Minutes) POST INJECTION 

FIGURE 2. Heart rate before and after AtroPen injection. Each 
closed circle represents the average rate in 21 cases; all pa- 
tients had bradycardia before injection. The bars represent 1 
standard deviation of the mean. 
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TABLE Ill 


Increase in Systolic Blood Pressure After AtroPen Injection in 
Relation to Initial Systolic Blood Pressure 








Group |* Group Ilt 
(mean of 9cases (mean of 11 cases 
+1 standard +1 standard 
deviation) deviation) 
Heart rate (beats/min) 
Initial 52+ 4.8 51+ 4.9 
Increase 49 + 16.0 50 + 17.0 
Blood pressure (mm Hg) 
Initial 140 + 17.5 101 + 11.6 
Increase 20 + 16.9 b1 3557 





* Initial systolic blood pressure > 120 mm Hg. 
t Initial systolic blood pressure < 115 mm Hg. 


of the patients or diagnosis. All patients in both 
groups left the hospital alive. 

The one patient who failed to respond to AtroPen 
injection, a 65 year old man with probable acute 
myocardial infarction, was receiving digoxin and 


practolol before the AtroPen injections and this may 


account for his failure to respond. 

Effect of atropine in absence of bradycardia: 
The increase in heart rate was less marked in the 
seven patients who had sinus rhythm without brady- 
cardia. These patients had an average preinjection 
heart rate of 78 beats/min and an average maximal 
rate of 102 beats/min 13 minutes after injection (Fig. 
4). Of these seven patients, four had runs of idioven- 
tricular tachycardia. In three of these four, the ar- 
rhythmia was abolished after AtroPen injection; in 
the other patient, a 58 year old woman, the sinus 
rate increased from 78/min (preinjection) to 96/min 
(maximal postinjection) but the arrhythmia persist- 
ed intermittently. No additional treatment was 
given, and the arrhythmia ceased spontaneously 
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FIGURE 4. Heart rate before and after AtroPen injection. Each 
closed circle represents the average rate of 7 patients; none 
had bradycardia before injection. The bars represent 1 standard 
deviation of the mean. 
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FIGURE 3. Percent change in systolic blood pressure (mm Hg) 
plotted against percent change in heart rate. The closed cir- 
cles represent the 21 patients with bradycardia before AtroPen 
injection. 


after 4 hours. Two of the seven patients had frequent 
ventricular ectopic beats before injection. After Atro- 
Pen administration the ectopic beats were abolished 
in one case but persisted in the other. 

In one patient iatrogenic nodal rhythm had devel- 
oped. This man, aged 74 years, was admitted with 
supraventricular tachycardia and given verapamil 
(Isoptin®) followed by practolol. After nodal brady- 
cardia developed (rate 40/min), he was given an 
AtroPen injection. The heart rate improved a little 
with alternating nodal and sinus rhythm. Sixty min- 
utes after AtroPen administration supraventricular 
tachycardia occurred again. Digoxin therapy was in- 
stituted, and 12 hours later he had sinus rhythm. 

In another patient, a 57 year old man, third degree 
atrioventricular block developed after acute inferior 
infarction. The heart rate did not increase after ad- 
ministration of AtroPen, and 30 minutes later a 
transvenous pacemaker was inserted. 

Side effects: Of the 27 patients, 25 were conscious 
and able to comment on the side effects that devel- 
oped after AtroPen injection (Table IV). No patient 
had palpitations or new ectopic activity during the 
period of monitoring. 

Data on the two patients who experienced chest' 
pain after administration of AtroPen are as follows: 


Patient 24: This 53 year old man was admitted with in- 
ferior myocardial infarction. Shortly after admission, while 
the basic heart rate was 65 beats/min, some unifocal ven- 
tricular ectopic beats developed. These beats occurred 
late in diastole and were followed by a run of idioventricu- 
lar tachycardia. At this time the blood pressure was 140/ 
75 mm Hg. To control the arrhythmia, AtroPen, contain- 
ing 2 mg of atropine base, was administered intramuscu- 
larly. There was a progressive increase in heart rate and, 
24 minutes after the injection when the heart rate was 120 
beats/min, the patient experienced chest pain, and the J 
point depression was slightly accentuated on the monitor- 
ing leads. Papaveretum was then administered intrave- 
nously, and the pain and the heart rate decreased. Al- 
though the patient had further ventricular decompensa- 
tion, he made a slow but satisfactory recovery. The serum 
creatine phosphokinase (CPK) level obtained shortly after 
admission was 770 international units (normal «90 units) 
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TABLE IV 


Side Effects Reported After AtroPen Administration in 
25 Patients 

Side Effect Patients (no.) 
Dry mouth 2 
Dizziness; drowsiness 
Retention of urine 
Chest pain 
Visual blurring 
Headache 
Eye pain 
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and the serum glutamic oxaloacetic transaminase level 
(SGOT) obtained on the third day after admission was 
257 Babson units (normal <40 units). 


Patient 4: This 56 year old man had a basic heart rate 
of 50 to 55 beats/min. Because of this slow rate, although 
his blood pressure was 135/80 mm Hg, he was given an 
AtroPen injection. Some 4 minutes after injection, typical 
ischemic pain developed; blood pressure was 130/75 mm 
Hg. Eight minutes after injection, papaveretum, 5 mg, 
was administered intravenously; this dose was repeated 16 
minutes and 35 minutes after injection. Two further intra- 
venous doses of papaveretum were required to abolish the 
pain. Although some tachycardia developed after the 
AtroPen injection, ischemic pain was not associated with 
any major shift in the S- T segment. 


Enzyme changes: The effects of AtroPen injection 
on serum creatinine phosphokinase levels were ex- 
amined. Four convalescent orthopedic patients with- 
out cardiac disease each received an AtroPen injec- 
tion containing 2 mg of atropine. Serum creatinine 
phosphokinase levels were estimated immediately 
before administration and 2 1/2, 10 and 24 hours 
after administration. There was no significant in- 
crease in serum creatinine phosphokinase after Atro- 
Pen injection (Table V). 


100 


HEART 
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FIGURE 5. Heart rate plotted against time 
after AtroPen injection. The continuous line 
represents the heart rate in 16 patients who 
received the injection in the vastus muscle. 
The interrupted line represents the average 60 
heart rate in 16 patients who received the 

injection in the deltoid muscle. 
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TABLE V 


Creatine Phosphokinase Levels (u/ml) Before and After 
AtroPen Administration in Four Patients Without 
Cardiac Disease* 


Hours After Injection 





Case 

no. Preinjection 2v, 10 24 
1 7 12 15 11 
2 13 13 17 8 
3 11 17 21 13 
4 8 10 14 15 


* Normal values < 70 u/ml. 


Site of injection: In another group of 16 patients, 
we examined the effect of the site of injection on the 
change in heart rate. Six of these patients had sinus 
bradycardia, and 10 had sinus rhythm with a rate of 
60/min or more. Each patient was given AtroPen in- 
jections (2 mg) on 2 successive days. In eight pa- 
tients the left deltoid muscle was the site of injection 
on the first day and the left vastus on the second 
day. In the eight other patients, the sequence of in- 
jection sites was reversed. After each injection, the 
heart rate was recorded every minute for 5 minutes 
and then every 5 minutes for 1 hour. The average 
heart rate (before injection and at various intervals 
after injection) was calculated and compared for the 
two injection sites (Fig. 5). There was no significant 
difference. 


Discussion 


Atropine has been found to be effective in increas- 
ing heart rate whether injected by the intramuscular 
or intravenous route. It is contraindicated in patients 
with glaucoma and men with obstruction of the uri- 
nary tract. It is well known?.? that atropine sulfate 
given by conventional intramuscular injection may 
cause an initial bradycardia, followed by tachycar- 


eo—e Vastus 


PLI A Deltoid 


15 30 45 60 
TIME (Minutes] POST INJECTION 
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dia. Slow intravenous administration of atropine 
may produce a similar phenomenon. The cause of 
the initial bradycardia is believed to be competition 
between atropine and acetylcholine in the peripheral 
nervous system, causing initial depolarization, fol- 
lowed by parasympathetic blockade. It is noteworthy 
that significant bradycardia was not observed in any 
of the patients who underwent AtroPen injection. 
Atrioventricular dissociation has been reported5.6 
after intramuscular injection, but this phenomenon 
was not observed with auto-injection. 

Epstein et al.* draw attention to their clinical and 
laboratory evidence suggesting that routine adminis- 
tration of atropine in patients with bradycardia asso- 
ciated with acute infarction may not always be bene- 
ficial. However, the drug was found to be of great 
value when the bradycardia had caused hemody- 
namic deterioration or was associated with an unsta- 
ble cardiac rhythm. 

AtroPen recommends itself to attention because of 
its small size and ready portability, its convenience 
for rapid emergency use, its ability to penetrate 
clothing and also because of the rapid onset of action 
it provides. Sarnoff* has shown that AtroPen injec- 
tion of atropine results in a more rapid onset of ac- 
tion than intramuscular administration of atropine 
by a conventional syringe. Our data support this 
finding. Although the precise cause for this rapid 
onset of response is not clear, animal studies? using 
radiopaque injectate in the AtroPen suggest that an 
important factor is widespread dispersion of the drug 
at the moment of injection which results in greater 
capillary exposure. Another possible explanation is 


that atropine citrated buffer solution; being different 
chemically, is more rapidly absorbed. Further stud- 
ies are needed to elucidate this point. 

The similarity of responses to AtroPen injection 
into the deltoid muscle and the thigh suggests that 
the two sites are equally desirable as a mode of injec- 
tion. This finding is at variance with observations? 
made on intramuscular injections of lidocaine. Blood 
levels of lidocaine are somewhat higher and appear 
earlier when this agent is injected into the deltoid 
muscle rather than the vastus. 

Clinical implications: The place of atropine ad- 
minjstration by auto-injector in clinical medicine has 
not been established. The recent report? of danger- 
ous arrhythmias after intravenous administration of 
atropine for bradyarrhythmias in cardiac infarction 
suggests that caution is necessary when the drug is 
given by this route. In our study no dangerous ar- 
rhythmias were encountered, and this finding 
suggests some possible merit in the somewhat slower 
route of administration. 

Bradyarrhythmias are very common in the very 
early period after acute myocardial infarction,!? and 
hypotension, in association with bradycardia, occurs 
more frequently than formerly thought, if patients 
are observed soon (30 minutes) after the onset of 
symptoms.!! The ease of administration and rapidity 
of onset of action of atropine given by auto-injector 
indicate that this may be a practical, effective meth- 
od of giving atropine in the home and emergency 
ambulance in patients who have bradycardia with or 
without hypotension after experiencing acute myo- 
cardial infarction. 
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Francois-Franck on Experimental Valvulotomy (1882) 
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New York, New York 


By the last quarter of the 19th century the art of 
physical diagnosis was highly developed and the 
physician equipped with nothing more complicated 
than a stethoscope could detect with satisfactory re- 
liability the common valvular lesions. The same 
physician or his colleague, working in an institute of 
pathology, could subsequently confirm the presence of 
the lesion and afford at least a partial explanation of 
its pathogenesis. And other colleagues, attracted to 
the more recently established and increasingly inde- 
pendent science of physiology, were beginning to 
learn about the functional disturbances the lesion 
had produced. 

Inevitably the advance of physiologic knowledge 
required information obtained experimentally intra 
vitam. In the realm of valvular disease there were 
the early experiments of Edwin Klebs (1875), which 
were excerpted and discussed in the American Jour- 
nal of Cardiology in 1967,1 as were the extensive ex- 
periments and lengthy writings of Cohnheim’s pupil, 
Dr. Ottomar Rosenbach.?:3 The slender and typical- 
ly French contribution by Charles-Emile Francois- 
Franck, written in 1882, continues the series. 

Francois-Franck (1849-1921) was highly regarded 
both by experimental physiologists and by clinicians. 
Early in his career he was a pupil of Etienne-Jules 
Marey, and participated in his master’s experiments 
on sphygmography. Later he investigated many 
other problems in the physiology of the circulatory 
system, such as changes in the volume of the heart, 
the effect of effort on the intracardiac circulation, 
the rhythmicity of the heart and various congenital 
anomalies. He also studied the physiology of the re- 
spiratory and nervous systems. Under the direction 
of Potain, he entered the practice of clinical medi- 
cine and gained a large reputation as a consultant. 

On February 18, 1882, before a session of the 
Société de Biologie convened under the chairman- 
ship of the illustrious Paul Bert, Francois-Franck 
presented his experiments on artificial valvular 
insufficiency and showed one of his experimental 


This study was based on research assisted by the National In- 
stitutes of Health (Grant HL-10948). 
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animals. The complete report is given herewith, 
in translation.9 


Translation of Francois-Franck's Paper 


I. I submit to the Société de Biologie some results of my 
experiments on the direct production of valvular lesions of 
the heart in healthy animals which have been kept after 
the lesions were produced. 

In undertaking these investigations, which have been in 
process for a long time, my purpose has been to find out 
what role can be attributed to circulatory disturbances 
that are produced by valvular lesions, in the totality of 
the changes that are observed in persons afflicted by com- 
plex cardiac diseases. 

To take just two examples. (1) Aortic regurgitation pro- 
duced by destructive lesions of the sigmoid valves of the 
aorta is followed by great nutritional disturbances in the 
myocardium. If prolonged survival of operated animals 
can be obtained—I have done this—it will be easy to fol- 
low the pathological process by examining the heart mus- 
cle at different periods after the lesion has been pro- 
duced.* 

(2). Following artificially produced injury of the tricus- 
pid valve there is great regurgitation into the right ventri- 
cle from its afferent system. Can this by itself disturb the 
general venous circulation so severely as to produce conse- 
quent passive congestion in the viscera and remote vari- 
cose dilatation? What kind of functional disturbance will 
supervene as a result of these excessive venous loads in 
the different organs, especially the liver and the nerve 
centers? 

'These are questions which doubtless it will be possible 
to answer because of the survival of animals that have 
been operated on. 

In addition, these pure valvular lesions (insufficiencies) 
make it possible to study at one's convenience functional 
disturbances of the heart, blowing murmurs, disturbances 
of rhythm, mechanical effects either arterial (aortic insuf- 
ficiency) or venous (tricuspid insufficiency) and to do so 
for a long time after the lesion has been created. 

In some instances I have succeeded in producing mitral 
insufficiency by entering the left ventricle through the 
aortic orifice but up to the present time I have not ob- 
tained a pure mitral lesion unaccompanied by a lesion of 


*A long time ago MM. Chauveau and Marey produced aortic 
insufficiency by rupture of the sigmoid valves in the horse and 
they studied the immediate circulatory disturbances produced 
by these lesions. (See especially a memoir of M. Marey on the 
signs of aortic insufficiency, Archives de Physiologie, 1869.) 
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the sigmoid valves of the aorta. Nevertheless I think that 
this important result can be obtained; the attempts that I 
have made warrant my counting on it. 

In all these experiments the procedure is the same and 
it is easy to apply after a few attempts have been made. It 
is a question of cutting the chordae tendineae of the tri- 
cuspid or mitral valve or of cutting the sigmoid aortic 
valves longitudinally.* 

The instruments used for section of the auriculoventric- 
ular valves are laryngeal polypotomes used in surgery. I 
have tried them, thanks to the well known kindness of M. 
Collin. With a few changes, such as straightening of the 
curves and removal of sharp angles, these ordinary instru- 
ments are very advantageous. 

For longitudinal section of the aortic valves a certain 
number of urethrotomes with concealed blades are like- 
wise very convenient. These are the instruments which I 
set before the Society. 

For the tricuspid valve these instruments are intro- 
duced through the right external jugular vein. For the aor- 
tic orifice and the mitral orifice I prefer the right carotid 
artery. 

Today I show the Society a young dog in which the tri- 
cuspid valves have been partly cut. It has a large right 
auriculoventricular insufficiency recognizable by a systolic 
murmur perceptible at a distance by means of a large 
branched tube and by a true venous pulse in the jugular. 
In addition, there is an intense vibratory thrill over the 
right side of the heart. There is nothing similar on the 
left. 

The purpose of the present simple note is to establish 
priority for this series of trials. The point to which I wish 
to call attention has to do with survival of the animals 
and the possibility of studying readily the phenomena 
which occur after the lesions have been made. 


*| have given up tearing away the chordae and rupturing the 
aortic valves by perforation. The accidents that | have observed 
with this type of procedure, especially with the auriculoventricu- 
lar valves, have led me to employ section. 


Comment on Paper of Francois-Franck 


Francois-Franck's paper conforms to a type fre- 
quently encountered in the French literature. It is an 
extremely succinct, brief and clear report of a series 
of experiments. Writings of this type are welcomed 
by readers, especially by those who have had to 
read—or, even worse, have had to translate—ele- 
phantine ponderosities written in German or Latin. 
But the advantage does not really rest with the 
French method. Whether because of haste, igno- 
rance, laziness or nationalism, Francois-Franck men- 
tions only the work of Chauveau and Marey, and 
manages to omit mention of Klebs and Rosenbach. 
Thus the reader is allowed to gain the erroneous im- 
pression that the work of Francois-Franck stands 
alone on a peak. Moreover, Francois-Franck claimed 
priority for his experiments. 

In the paper that is now under discussion Fran- 
cois-Franck seems to have been more interested in 
ends than in means. His main purpose was to ana- 
lyze the complex phenomena that occur in human 
beings whose circulatory system has been upset by 
diseases of the heart. He wanted to ascertain which 
part of these disturbances is ascribable to lesions of 
valves. His interest seems to have been not primarily 
in the valves themselves. 

To attain his goal he needed to devise methods of 
injuring the valves without causing the death of the 
experimental animal. He did this by straightening 
and otherwise modifying various instruments used in 
rhinolaryngology and urology and inserting them 
through the jugular vein or carotid artery. His simple 
recital merely enumerates the types of insufficiency 
produced but contains no comment on the intracar- 


‘diac or general circulatory consequences. 
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In three patients with clinical ischemic heart disease ventricular 
tachycardia developed during standard exercise testing. Despite 
suppressive antiarrhythmic therapy, ventricular tachycardia during 
exercise persisted in one patient; ventricular fibrillation requiring 
cardiopulmonary resuscitation developed in the other two. Coronary 
angiography revealed significant obstructive coronary artery disease 
with no ventricular aneurysm in all three patients. Aortocoronary sa- 
phenous vein bypass surgery was performed successfully without 
electrocardiographic or clinical evidence of intraoperative myocar- 
dial infarction. Postoperative cineangiography documented graft pa- 
tency, and repeated exercise testing failed to elicit any ventricular 
irritability in these patients. They have remained asymptomatic with 
no antiarrhythmic therapy for up to 2 years postoperatively. 


Sudden death due to acute ventricular arrhythmias continues to 
present major problems in diagnosis and treatment. These ominous 


. ventricular arrhythmias may be diagnosed fortuitously on the resting 


electrocardiogram or during prolonged electrocardiographic monitor- 
ing of the patient with coronary disease, but they appear to be more 
rapidly and efficiently unmasked by exercise testing.! Therapy pri- 
marily involves the use of a variety of antiarrhythmic drugs, but 
these agents may not adequately suppress the arrhythmias. Surgical 
therapy by aneurysmectomy in selected cases has been reported.” $ 
Recently, several authors*1? have suggested that coronary bypass 
surgery may successfully terminate potentially fatal or intractable 
ventricular irritability. In this report we describe three patients with 
coronary artery disease who had potentially life-threatening ventric- 
ular arrhythmias documented by standard exercise testing. In each 
case, successful saphenous vein bypass graft surgery was performed 
and the arrhythmias were terminated. 


Methods 


Exercise testing was performed by one or more of three standard tech- 
niques. Double Master two-step tests!! were performed with patients in the 
resting, fasting state. Bicycle ergometry was performed as described by 
Salzman et al.!? and graded treadmill testing according to the method 
of Bruce.13 Selective coronary cineangiography was accomplished using the 
Sones technique.14 The aortocoronary saphenous vein grafts were selective- 
ly injected with use of a Sones catheter. 


Case Reports 
Case 1 


A 41 year old white man first experienced exertional left axillary discom- 
fort associated with palpitations in January 1971. In March he experienced 
a syncopal episode accompanied by depressed respirations and cyanosis. He 
recovered spontaneously after several minutes and was treated at a local 
hospital for suspected myocardial infarction. This lesion was suggested by 
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FIGURE 1: Viu) t PIER LEA rhythm strips. A, rest- 
ing lead Vs before double Master two-step test. B, lead V5 imme- 
diately after exercise. A left bundle branch block pattern is seen 
in the first two beats. Premature excitation increased the dura- 
tion of the third and fourth complexes which are thought to rep- 
resent fusion. Ventricular tachycardia ensued. C, after treatment 
with propranolol (120 mg daily), exercise testing was repeated. 
Ventricular tachycardia developed abruptly during the earliest 
stage of the Bruce test. =xercise was stopped but ventricular 
fibrillation ensued. The patient underwent successful cardiover- 
sion. D, repeat Bruce test 1 month after operation. S-T segment 
depression was also present in the resting tracing. No arrhyth- 
mia was noted. Testing was stopped at a heart rate of 130 be- 
cause of leg pain related to the surgical cutdown site. 


transient T wave inversion in the lateral chest leads and a 
"slight" elevation of serum enzyme levels (records not 
available). After discharge from the hospital he continued 
to have occasional palpitations and axillary discomfort, 
usually precipitated by exertion. He was referred to Wil- 
ford Hall USAF Medical Center in June 1971. 

Physical examination on admission was completely 
within normal limits. The resting electrocardiogram was 
normal (Fig. 1A). However, after a Master two-step test, 
brief runs of ventricular tachycardia occurred (Fig. 1B). 
He was treated with propranolol in doses up to 120 mg/ 
day, and continuous cardiac monitoring revealed no ar- 


rhythmias at rest or during normal ward activity. To fur- 
ther evaluate the efficacy of this therapy, a treadmill ex- 
ercise test was performed. After 2 1/2 minutes of light ex- 
ercise (5 percent grade, 1.7 miles/hour) he had sinus 
rhythm with a rate of 96/min until ventricular tachycar- 
dia developed abruptly. Exercise was stopped immediate- 
ly, but ventricular fibrillation ensued (Fig. 1C). He under- 
went successful defibrillation, and serial electrocardio- 
grams showed no diagnostic changes of myocardial infarc- 
tion. A slight elevation in serum glutamic oxaloacetic trans- 
aminase levels was thought to be secondary to direct-cur- 
rent electrical shock since creatinine phosphokinase levels 
remained normal. The patient subsequently underwent 
coronary angiography which disclosed an isolated 90 per- 
cent obstruction of the left anterior descending coronary 
artery proximal to any of its branches (Fig. 2A). The distal 
part of this artery and the other coronary arteries were 
normal. No ventricular aneurysm was seen. The patient 
had an episode of ventricular tachycardia requiring intra- 
venous lidocaine therapy while being transferred to the 
catheterization table. 

On the following day he underwent aortocoronary sa- 
phenous vein bypass surgery to the distal left anterior de- 
scending artery. Antiarrhythmic drugs were nct adminis- 
tered postoperatively, and no ventricular arrhythmias 
were noted. Serial electrocardiograms showed no evidence 
of intraoperative myocardial infarction. Before discharge, 
the patient underwent treadmill testing while receiving no 
medication. At a heart rate of 130 beats/min he had no 
evidence of ventricular irritability (Fig. 1D). The test was 
stopped at stage II (12 percent grade, 2.5 miles/hour) only 
because of pain in the femoral cutdown site. 

Cardiac catheterization 2 months after operation 
showed a patent bypass graft (Fig. 2B). The patient’s 
other coronary vessels, hemodynamic status and left ven- 
tricular angiogram were unchanged from the preoperative 
study. On subsequent follow-up study 1 year after opera- 
tion, he was essentially asymptomatic. He has undergone 
treadmill testing to stage III (14 percent grade, 3.4 miles/ 
hour), and at a heart rate of 155 beats/min there was no 
evidence of ventricular irritability. 


Case 2 


A 36 year old white man was admitted to the Wilford 
Hall USAF Medical Center because of frequent episodes 
of angina pectoris. The resting electrocardiogram was nor- 
mal but on a double Master exercise test, multiple ven- 
tricular ectopic beats and ischemic S-T segment depres- 
sion developed. Although he was treated with propranolol, 
up to 240 mg/day, anginal symptoms persisted during 
normal activity and runs of ventricular tachycardia devel- 
oped during bicycle ergometry at an exercise level of 400 
kilopound-meters/min and a heart rate of 100 beats/min. 
Selective coronary angiograms showed complete occlusion 
of the left anterior descending artery proximal to any 
branches. The distal part of this artery filled by collater- 
als from the right coronary artery and was free of obstruc- 
tions. The remaining coronary vessels were normal and no 
ventricular aneurysm was seen. The patient underwent 
saphenous vein bypass surgery to the distal left anterior 
descending artery with no evidence of intraoperative myo- 
cardial infarction. He had a benign postoperative course 
and required no further antiarrhythmic therapy. Before 
discharge he underwent repeat bicycle ergometry to a 
work level of 400 kilopound-meters/min and a heart rate of 
135 beats/min without experiencing chest pain or arrhyth- 
mia. 
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FIGURE 2. Case 1. A, right anterior oblique view of selective injection of left coronary artery before ope ation. Significant stenosis is 


present in the left anterior descending vessel proximal to any of its branches.IB, right anterior oblique view of selective injection of 
aortocoronary bypass graft to the left anterior descending coronary artery. There is antegrade filling of the distal main left anterior de- 
scending vessel and its diagonal branches. This vessel also fills in retrograde fashion demonstrating the proximal stenosis. 


Cardiac catheterization 10 months postoperatively 
showed the saphenous vein graft to be widely patent and 
the remainder of the coronary circulation was unchanged. 
A treadmill exercise test was performed to a maximal 
heart rate of 155 beats/min at a 14 percent grade and 3.4 
miles/hour. No S-T segment changes or arrhythmias were 
noted. At his last follow-up examination, approximately 2 
years after operation, he again performed exercise to this 
level with no ventricular irritability. 


Case 3 


A 50 year old white man was in good health until the 
onset of angina pectoris in 1963. In 1968 he sustained an 
uncomplicated diaphragmatic myocardial infarction. In 
April 1971 he had syncope lasting several minutes. He re- 
covered spontaneously and was evaluated in a local emer- 
gency room, but no cause was found. He had no further 
syncope, but the angina pectoris progressed in frequency 
and severity. 

On admission to Wilford Hall USAF Medical Center in 
July 1972 he was taking propranolol, 300 mg/day, and 
isosorbide dinitrate, 5 mg sublingually every 4 hours, 
without satisfactory relief of his angina. He underwent 
treadmill testing which was terminated after 1 minute (10 
percent grade, 1.7 miles/hour) because of ventricular 
tachycardia associated with lightheadedness. These symp- 
toms disappeared spontaneously. He refused coronary by- 
pass surgery, and further medical therapy was given. The 
dose of propranolol was increased to 400 mg/day, and 
quinidine sulfate, 200 mg every 6 hours, was added to the 
regimen. He remained asymptomatic for 2 weeks in the 
hospital. Continuous monitoring during normal ward ac- 
tivities exhibited no ventricular irritability. He was again 
exercised on the treadmill and at 1 minute (10 percent 
grade, 1.7 miles/hour) ventricular fibrillation developed. 
Resuscitation was difficult, requiring several administra- 
tions of direct-current electrical shock. After resuscitation 
he did well and had no electrocardiographic evidence of 
myocardial infarction. Cardiac catheterization showed 


complete occlusion of the right coronary artery in its mid 
portion, 90 percent obstruction of the proximal left cir- 
cumflex artery and complete occlusion of the left anterior 
descending artery proximal to the first septal perforator. All 
vessels were seen to fill distally from collateral flow, and 
the distal vessels appeared patent. Left ventricular angio- 
grams showed diffuse hypokinesis but no discrete aneu- 
rysm. On August 1, he underwent triple aortocoronary sa- 
phenous vein bypass surgery to the distal right coronary, 
left anterior descending and left circumflex arteries. No 
ventricular aneurysm was found at operation. Postopera- 
tive electrocardiograms showed no evidence of intraopera- 
tive infarction. He had no arrhythmias postoperatively 
and was given no antiarrhythmic therapy. 

He returned to the hospital 2 months after operation for 
reevaluation. He was completely asymptomatic and was 
receiving no medication. At catheterization, all three sa- 
phenous vein grafts were widely patent with good runoff. 
'There was no change in his native coronary circulation or 
in the left ventricular angiogram. He underwent treadmill 
testing and was able to exercise for 6 minutes, 15 seconds 
(14 percent grade, 3.4 miles/hour), achieving a heart rate 
of 165 beats/min without chest pain, S-T segment 
changes or arrhythmia. He continues to lead an active life 
and remains asymptomatic. 


Discussion 


Sudden death may be the first manifestation of la- 
tent coronary artery disease. Even in patients with 
known ischemic heart disease, the diagnosis of po- 
tentially fatal arrhythmias may be difficult. The role 
of exercise testing in eliciting suspected arrhythmias 
has been previously documented,! and the appear- 
ance of exercise-induced ventricular irritability in 
patients with coronary atherosclerosis has been cor- 
related with the presence of advanced obstructive 
coronary disease.!? The importance of carefully 
monitored exercise testing in the patients reported 
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here is obvious. Before their evaluation, two of the 
three patients had syncopal episodes suggesting 
transient ventricular arrhythmia. Routine electrocar- 
diograms showed no evidence of the ventricular 
irritability that was later documented by exercise 
testing in all three patients. Subsequent exercise 
testing showed that apparently adequate drug thera- 
py was unsuccessful in preventing potentially fatal 
arrhythmias at work levels the patients might easily 
have achieved in their normal activities. 

If antiarrhythmic drug therapy is not successful in 
suppressing ventricular irritability, the available 
means of treatment are limited. Surgical interven- 
tion for intractable ventricular arrhythmias, employ- 
ing ventricular aneurysmectomy, has been previously 
reported.296 However, many patients, such as those 
described here, show no evidence of aneurysmal le- 
sions. The role of aortocoronary bypass surgery in 
preventing life-threatening arrhythmias has only re- 
cently received attention. Hutchinson et al.” de- 
scribed a patient who experienced ventricular fibril- 
lation during a two-step exercise test. After his suc- 
cessful resuscitation, coronary angiography demon- 
strated total occlusion of the right coronary artery 
and severe stenosis of the main left coronary artery. 
Cardiac arrest occurred during the induction of anes- 
thesia for aortocoronary bypass surgery. Resuscita- 
tion attempts failed, but after emergency double 
aortocoronary saphenous vein grafting, defibrillation 
was successful and no arrhythmias were seen after 
the early postoperative period. Nakhjavan et al.® de- 
scribed a 49 year old woman who had frequent epi- 
sodes of ventricular tachycardia and syncope after a 
subendocardial infarction. Coronary angiography re- 
vealed a 90 percent obstruction of the left main coro- 
nary artery and no other significant coronary disease. 
After aortocoronary bypass grafting to the left ante- 
rior descending artery the patient had no angina or 
ventricular irritability. Unfortunately, although the 
postoperative clinical course of these patients 
suggests graft patency, angiographic documentation 
is not described. Ecker et al.9? also described a pa- 
tient with intractable ventricular tachycardia whose 
episodes ceased after double saphenous vein bypass 
surgery. As the authors noted, however, there is 
some question about the exact mechanism of the ter- 
mination of this patient's intractable arrhythmia. 
One of the two grafts was occluded at restudy, 


suggesting myocardial infarction as a possible cause 
of cessation of the arrhythmia, but no electrocardio- 
graphic changes were noted to support this possibili- 
ty. Also, a small right ventricular aneurysm was re- 
paired by plication at. the time of bypass surgery. 
Most recently, Graham et al.1° described three pa- 
tients with isolated aortocoronary grafts to two or 
more major vessels with subsequent abolition of pre- 
viously refractory ventricular tachyarrhythmias. 

Although the origin of ectopic rhythms in ischemic 
heart disease remains speculative, reentrant activity 
due to focal reexcitation caused by the potential dif- 
ference between ischemic and nonischemic tissue or 
the development of a “circus” reentry phenomenon, 
as well as enhanced automaticity of the specialized 
fibers of the heart, has been proposed.19.17 It is rea- 
sonable to expect that aortocoronary bypass surgery, 
by increasing blood flow to the areas of ischemia, 
will correct the factors producing these potentially 
fatal arrhythmias. In the three patients described, no 
evidence of ventricular aneurysm was present on 
catheterization before or after operation, and there 
was no electrocardiographic or clinical evidence of 
intraoperative myocardial infarction. Anginal symp- 
toms were relieved, and all grafts were documented 
to be patent with apparent good distal runoff. Thus, 
the termination of the arrhythmias in these patients 
appears to be related solely to the relief of myocar- 
dial ischemia by aortocoronary bypass surgery. 

Although the number of cases in our series and 
those of other authors is small, it appears that coro- 
nary bypass surgery may provide effective therapy 
for ventricular arrhythmias that are not suppressed 
by antiarrhythmic drug therapy and are not amena- 
ble to ventricular aneurysmectomy. 


Addendum 

Since this manuscript was submitted, we have 
studied a fourth patient, a 37 year old man who ex- 
perienced ventricular fibrillation during stage I of a 
Bruce treadmill test. After the patient was re- 
suscitated, cardiac catheterization showed 95 per- 
cent obstruction of the left main coronary artery and 
the left anterior descending artery. Saphenous vein 
bypass surgery to the left circumflex and left anterior 
descending arteries was performed successfully, and 
subsequent maximal exercise testing has failed to 
elicit ventricular irritability. 
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A case is reported of right ventricular outflow obstruction caused by 
a fibrous sac floating in the right ventricular cavity, attached to the 
tricuspid valve and to the rim of a large ventricular septal defect. An 
anomalous membranous leaflet located under the pulmonary valve 
contributed to the obstruction. The clinical findings were those of 
tetralogy of Fallot. Resection of the aberrant tissue practically elimi- 
nated the obstruction, leaving only an insignificant infundibular gradi- 
ent. Although right ventricular outflow obstruction is easily recog- 
nized clinically, angiography is essential for the definition of this ana- 
tomic form. 


The usual types of obstruction to right ventricular outflow are valvu- 
lar abnormalities and muscular infundibular obstruction. On rare 
occasions the obstruction can be caused by membranous structures 
“floating” in the right ventricular cavity. We recently encountered a 
patient with this type of right ventricular outflow obstruction associ- 
ated with a ventricular septal defect. The uncommon nature of this 
anomaly and the importance of its recognition before operation 
prompted this report. 


Case Report 


A 19 year old woman was admitted to the University of Minnesota Hospi- 
tals for evaluation of congenital heart disease. She was the product of a nor- 
mal pregnancy. At birth she was cyanotic, and a murmur was heard. The 
cyanosis cleared after 2 days and she appeared normal thereafter, except for 
some cyanosis upon crying. Her development was normal. 

At age 3 years a precordial systolic impulse and murmur were present. At 
cardiac catheterization it was not possible to pass a catheter beyond the 
right ventricle. The systolic pressure in the right ventricle was 80 to 120 
mm Hg. Oxygen saturation was 92.6 percent in the brachial artery, 69.4 
percent in the right ventricle, 65.4 percent in the right atrium and 53.2 per- 
cent in the superior vena cava. At age 5 years the clinical findings were un- 
changed. Cardiac catheterization was again performed. The pulmonary ar- 
tery could not be entered, but the catheter reached the aorta from the right 
ventricle. No systolic gradient was apparent between the right ventricle and 
aorta. Mean right atrial pressure was 10 mm Hg. Femoral arterial oxygen 
saturation was 94 percent. 

The patient continued a rather uneventful course. She had mild short- 
ness of breath after climbing two flights of stairs and tired easily. There. 
was mild cyanosis on exertion. At age 19 (June 1972) she was admitted to 
the hospital for definitive diagnostic studies. On physical examination at 
rest cyanosis was not evident. The blood pressure was 110/70 mm Hg, pulse 
78/min and regular. A right ventricular impulse and a systolic impulse were 
felt on the left sternal border. There was a grade 5/6 systolic harsh murmur 
heard best at the high left sterna! border with radiation to the back. The 
second heart sound was widely split, and the pulmonic component was soft. 

The hemoglobin was 15.4 g/100 ml and hematocrit 47 percent. An elec- 
trocardiogram showed marked changes of right ventricular hypertrophy. A 
chest roentgenogram showed a normal-sized heart and a prominent main 
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FIGURE 1. Anteroposterior (A and 
C) and right lateral (B and D) views 
of the right ventriculogram before 
operation. Frames A and B are 
taken during systole and frames C 
and D during early diastole. The 
wide arrows point to the pulmonary 
valve. The long arrows point to the 
membranous subvalvular structures 
that seem to move closer to the 
pulmonary valve during systole. 
The short arrow points to an area 
of mild infundibular narrowing. 


pulmonary arterial segment. Pulmonary vasculature was 
normal. Systemic arterial oxygen saturation was 87 per- 
cent at rest and decreased to 72 percent after 4 minutes of 
upright bicycle exercise (75 watt work load). The patient 
was markedly cyanotic at this time. ; 
Cardiac catheterization was performed with the patient 
in the fasting state under light barbiturate sedation 
(Table I). Systolic and diastolic pressures were equal in 
both ventricles, and there was a significant systolic gradi- 
ent between the right ventricle and the pulmonary artery 


FIGURE 2. Intraoperative photograph of the 
mobile membranous sac that was attached 
to the tricuspid valve and the ventricular 
septal defect. The right ventricle is opened 
diagonally. The two suction probes (coming 
in from the sides) are placed through the 
ventricular septal defect. The surgical clamp 
(center) is pulling the fibrous sac into the 
body of the right ventricle (A) or into the 
outflow tract (B). 
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with no additional subvalvular gradient. There was both 
right to left and left to right intracardiac shunting at the 
ventricular level with predominance of the latter at rest. 

A right ventriculogram (Fig. 1) revealed the presence of 
a large infracristal ventricular septal defect. There was no 
infundibular obstruction. The pulmonary valve appeared 
slightly thickened, but it opened widely in systole. A pe- 
culiar flap-like structure was visualized in the outflow 
tract of the right ventricle; it moved up toward the pul- 
monary valve during systole and back into the body of the 
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right ventricle in diastole. The preoperative diagnosis was 
ventricular septal defect and pulmonary outflow obstruc- 
tion probably caused by an anomalous tricuspid leaflet. 
Surgical findings and results: The patient underwent 
operation for closure of the ventricular septal defect and 
relief of right ventricular outflow obstruction. The right 
ventricular cavity was exposed through a diagonal ventric- 
ulotomy. Some muscle bundles, extending from the ante- 
rior ventricular wall to the parietal limbs of the crista 
supraventricularis, were resected. The pulmonary valve 
was bicuspid, but the surgeon’s index finger could pass 
easily through its opening into the pulmonary artery. A 
small fibrous membrane was found obstructing the anteri- 
or portion of the pulmonary outflow, immediately below 
the pulmonary valve. Another larger fibrous sac-like 
structure arose from the main right ventricular cavity and 
was mobile enough to prolapse easily throughout the pul- 
monary annulus (Fig. 2). Its base was attached to the sep- 
tal papillary muscle and a few chordae-like structures at- 
tached it also to the rim of a large infracristal ventricular 
septal defect 3 cm in diameter. These structures were re- 
sected (Fig. 3), and tke septal defect was closed with a 
felt patch. The right atrium was explored, and the atrial 








FIGURE 3. Photograph of the removed 
structure that was attached to the tricuspid 
valve. A, external view as removed; B, inside 
view after one side has been cut open (cen- 
timeter scale shown). 


septum was found intact. Postoperative recovery was un- 
eventful. 

Two months after operation the patient was asymptom- 
atic and her exercise tolerance was improved. Physical ex- 
amination showed the persistence of a systolic crescendo- 
decrescendo murmur, grade 2/6, best heard at the high 
left sternal border, with minimal radiation to the back. 
Cardiac catheterization at this time showed no intracar- 
diac shunts by dye-dilution curves with indocyanine 
green, or by a freon inhalation study.! An insignificant 
systolic pressure gradient remained between the body of 
the right ventricle and the infundibulum (Table I). Right 
ventricular angiograms showed a mild persistent infundib- 
ular narrowing and the same abnormality of the pulmo- 
nary valve already shown by the preoperative films 
(Fig. 4). 


Discussion 
Some rare forms of right ventricular outflow ob- 
struction have been reported in which the obstruc- 
tion is caused by fibrous structures. In one case? an 
abnormal accessory valve was found in the infundib- 
ular area; in another case? a spherical mass of tissue, 





FIGURE 4. Anteroposterior (A) and left lateral (B) views of the postoperative right ventriculogram during systole. The long arrow points 
to the persistent mild infuncibular narrowing. The short arrows point to the domed pulmonary valve leaflets. 
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attached to a normal papillary muscle, moved 
toward and obstructed the right ventricular outflow 
tract during systole. There are some descriptions of 
still a third type, in which a sac-like structure, at- 
tached proximally to the tricuspid valve and mem- 
branous septal area, balloons into the right ventricu- 
lar outflow tract in systole, obstructing it. In one 
case,* the membranous structure arose from an oth- 
erwise normal right ventricle; in another,? a small 
ventricular septal defect was present, but the mem- 
branous sac was considered to arise from the tricus- 
pid valvular structure; in a third case,9 a ventricular 
septal defect was found, and the fibrous sac was con- 
sidered to be a membranous septum aneurysm. 

In our patient the obstruction was due to a combi- 
nation of two of these types: a subvalvular mem- 
brane and a mobile fibrous sac. The abnormal mus- 
cle resected at operation was thought not to be the 
cause of the obstruction preoperatively on the basis 
of the radiographic appearance and the lack of an in- 
fundibular systolic gradient on slow catheter pull- 
back from the pulmonary artery to the tricuspid 
valve. A large interventricular septal defect was 
present and the hemodynamic findings were those of 
tetralogy of Fallot. The high level of oxygen satura- 
tion in the right atrium suggested the presence of an 
atrial septal defect, but this could not be confirmed 
at operation, and we interpret this finding as indica- 
tive of the presence of tricuspid regurgitation, proba- 
bly caused by the attachment of the anomalous leaf- 
let to the valvular apparatus. The postoperative 
right ventriculogram showed no evidence of tricuspid 
regurgitation. 

It is difficult to be certain about the origin of the 
abnormal tissue, since it appeared to be attached to 
both the valvular apparatus and the rim of the sep- 
tal defect, but the impression at operation was that 
the tricuspid valvülar tissue was the origin of the 
membranous sac. This belief has support in the ana- 
tomic findings of Chesler et al.,7 who described 
anomalies of the tricuspid valve "resembling aneu- 
rysms" in several autopsy cases of ventricular septal 
defects. 

The importance of this type of right ventricular 
outflow obstruction is twofold: 'The prognosis for vir- 
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TABLE I 


Cardiac Catheterization Results at Age 19 Years 





Preoperative Postoperative (2 mo). 
Oxygen Oxygen 
Pres- Satura- Pres- Satura- 
sures tion sures tion 


(mm Hg) (%) (mmHg)  (%) 





Pulmonary artery 
Right ventricle 


24/11 (16) 73 32/14 (32) 73 


High 104/3,11 7] | 3e[2,13 

Low 104/3,11 71 40/213. 
Right atrium 

High S 70 es 

Mid (7) 70 (10) 

Low E. 59 rom. 
Superior vena cava 56 
Inferior vena cava Ba 69 ware dám 
Aorta 104/73(91) 94 110/60(81) 96 
Left ventricle 104/11 96 a at 
Cardiac output 3u 4.8 

(liters/min) 
Pulmonary flow 4.6 

(liters/min) 


Right to left shunt (%) 12 None (indicator- 
dilution curves) 

None (indicator- 
dilution curves 
and freon 


study) 


Left to right shunt (%) 30 





Figures in parentheses indicate mean pressures. 


tually total correction is excellent when the lesion is 
adequately diagnosed and surgically treated, in con- 
trast with classic tetralogy of Fallot in which signifi- 
cant hemodynamic abnormalities may persist post- 
operatively. On the other hand, lack of recognition of 
this type of obstruction may lead to incomplete sur- 
gical correction with a poor operative result.5 The 
general diagnosis of pulmonary outflow obstruction 
is not difficult, either clinically or at cardiac cathe- 
terization, but it is not possible to suspect or define 
this type of anomaly preoperatively without ob- 
taining contrast radiograms of the right ventricle. 
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A rare case of Ebstein’s malformation of the tricuspid valve with 
atresia of the tricuspid orifice is presented. Although this case re- 
sembled tricuspid atresia in a physiologic or hemodynamic sense, 
embryologically and pathologically it should be grouped with Eb- 
stein’s anomaly of the tricuspid valve. Cases of the type presented 
are potentially correctable by surgery because of the anatomic fea- 
tures. It is therefore important to distinguish this lesion from isolated 
tricuspid atresia. Clinical findings, chest roentgenograms, electrocar- 
diograms and vectorcardiograms may not be helpful in separating 
these two lesions. A right atrial angiogram outlined the obstructed 
and malformed tricuspid valve, which extended too far to the left and 
appears to be a distinguishing feature. 


Tricuspid atresia is generally considered a malformation that cannot 
be totally corrected by surgery because of hypoplasia of the right 
ventricle and the tricuspid valve annulus. In a case physiologically 
resembling tricuspid atresia, autopsy disclosed Ebstein’s anomaly of 
the tricuspid valve with complete obstruction of the effective tricus- 
pid valve orifice and a relatively normal-sized right ventricle with 
potential for total surgical correction. This paper presents the clini- 
cal, embryologic, pathologic and surgical aspects of this case. 


Case Report 


A male infant, the 8 1/2 lb. product of a full-term normal pregnancy and 
delivery, was found to have a heart murmur on the first day of life. In June 
1966, at age 4 weeks, he was admitted to the University of California, Los 
Angeles Medical Center with signs of congestive heart failure. Physical ex- 
amination revealed tachycardia and tachypnea with normal blood pressure 
and pulses. There was minimal cyanosis. A thrill was palpable at the lower 
left sternal border. The first heart sound was normal and the second sound 
was single. There was a grade 4/6 holosystolic murmur at the lower left 
sternal border and a grade 2/6 mid-diastolic flow murmur at the apex. The 
liver was palpable 4 cm below the right costal margin and the spleen palpa- 
ble 1 cm below the left costal margin. 

Electrocardiogram and vectorcardiogram revealed a mean frontal plane 
vector of —40°, right atrial enlargement and left ventricular hypertrophy. 
Roentgenogram of the chest (Fig. 1a) showed moderate cardiomegaly with 
right atrial enlargement and increased pulmonary vascular markings. He- 
moglobin was 11.5 g/100 ml. The infant responded well to digitalis and di- 
uretic agents. 

Cardiac catheterization (Table I) was performed at age 9 weeks. A left 
ventricular angiogram (Fig. 2a) demonstrated a moderate-sized ventricular 
septal defect. The right atrial angiogram (Fig. 2b) in the posteroanterior 
projection revealed the so-called tricuspid sequence (not shown). The left 
atrium and the left ventricle were sequentially opacified from the right atri- 
um and, before opacification of the right ventricle, a triangular unopacified 
area between the right atrium and the left ventricular border was visual- 
ized. These findings were thought to be consistent with the diagnosis of tri- 
cuspid atresia without transposition of the great arteries. 
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FIGURE 1. Posteroanterior chest roentgenograms. 
a, at age 9 weeks showing cardiomegaly, right atri- 
al enlargement and increased pulmonary vascular 
markings. b, at age 2 years revealing enlarged 
heart, prominent right atrium and normal to de- 
creased pulmonary vascularity. 


The patient was readmitted at age 2 years because of 
edema, hepatomegaly, increasing fatigability and cya- 
nosis. Physical examination revealed no change in cardiac 
findings except for what was thought to be a prominent 
right ventricular impulse. The liver was palpable 6 cm 
below the right costal margin and pulsatile. Hemoglobin 
was 19.6 g/100 ml. Electrocardiogram and Frank vector- 
cardiogram (Fig. 3) showed a mean frontal plane QRS 
vector of —45° with a counterclockwise loop. Evidence of 
right atrial hypertrophy was more prominent than in the 
electrocardiogram recorded at age 4 weeks. Chest roent- 
genogram showed cardiomegaly with a prominent right 
atrium (Fig. 1b). The pulmonary vascular markings ap- 
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peared normal or decreased. Repeat cardiac catheteriza- 
tion (Table I) disclosed a mean pressure gradient of 6.5 
mm Hg across the atrial septum in favor of the right atri- 
um and decreased left ventricular oxygen saturation, but 
findings were otherwise unchanged from those of the pre- 
vious catheterization. Angiographic findings were similar 
to those of the first study. The results of the examination 
were again thought to be consistent with a diagnosis of 
tricuspid atresia. Surgical relief of the atrial septal ob- 
struction was sought, and an atrial septectomy was per- 
formed under inflow occlusion. At the end of the proce- 
dure, the patient had a cardiac arrest and could not be 
resuscitated. 
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FIGURE 2 (left). Angiograms. a, left ventricular cineangiogram in left anterior oblique projection showing ventricular septal defect. 
Note that the right ventricle appears to be nearly normal in size. b, right atrial cineangiogram in posteroanterior projection, before any 
opacification of the left atrium. The contrast material outlines the atretic tricuspid valve (arrows), which is rounded and extends more 
to the left than in cases with tricuspid atresia. c and d, selected right atrial cineangiographic frames from two cases of tricuspid atresia 
for comparison with 2b. LV = left ventricle; PA = pulmonary artery; RA = right atrium; RAA = right atrial appendage; SVC = superior 
vena cava; VSD = ventricular septal defect. 


FIGURE 3 (right). Scalar electrocardiogram and Frank vectorcardiogram (at age 2 years). Mean frontal plane QRS vector is —45°. 
There is marked right atrial hypertrophy. The QRS duration is 0.08 second. All the electrocardiographic leads were taken at full stan- 


dardization. 
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TABLE I 
Cardiac Catheterization Data 


Age 9 Weeks 


0s 02 
Satura- Satura- 
tion Pressure tion 


Age 2 Years 





Pressure 


Site (%) | (mmHg) (%) ^ (mmHg) 

Inferior vena cava 67 M 55 

Superior vena cava 55 vds Sp w 

Right atrium* 64 a 12; v7; 64 a 18; v 4; 
m7 m9 

Left atrium* 81 ald;v7; 96$ a7v6 
m 7 m 2.5 

Pulmonary vein 95 FA 97 is 

Left ventricle 89t 88/7 821 110/8 





* Recorded from pullback tracings. 
T Discrepancies in saturations may have been due to the 
effects of streaming. 


Autopsy findings were limited to the heart. The heart 
was enlarged with the apex and two thirds of the anterior 
surface formed by the left ventricle (Fig. 4). The great 
vessels were normally related. The right atrium was en- 
larged. The surgically created atrial septal defect was lo- 
cated in the fossa ovalis and patent (Fig. 5, a and b). All 
three leaflets of the tricuspid valve were plastered onto 
the right ventricular wall (Figs. 5, a and b), their edges so 
fused that the tricuspid valve had no orifice. The fused 
leaflets formed a sheet-like valve which was thick against 
the ventricular septum but thin laterally and anteriorly. 
No definite commissures or raphes were identified. The 
left atrium and left ventricle were somewhat enlarged, 
and the aorta was of normal size. There was a slit-like (7 
by 2 mm) horizontally oriented ventricular septal defect 
which opened into the body of the right ventricle against 
the septal limb of the crista supraventricularis (Fig. 6) 
beyond the level of (upstream to) the tricuspid valve. The 
pulmonary valve appeared normal (9 mm in diameter), 
and the aortic valve had a diameter of 11 mm. There was 
no infundibular pulmonic stenosis. The outflow tract of 
the right ventricle was slightly hypoplastic. The inflow 
tract (ventricular body) was also small. When the atrial- 
ized portion of the right ventricle was included, the right 
ventricle appeared adequate in size to maintain an other- 
wise normal pulmonary circulation. The main pulmonary 
trunk and the branches appeared normal. The ductus 
arteriosus was not patent. 


Discussion 


Prevalence: The anatomic features of Ebstein's 
malformation of the tricuspid valve!.? with complete 
obstruction to the tricuspid valve orifice - (atresia) 
were present in our case; however, the hemodynamic 
features closely resembled those of tricuspid atresia.? 
Our case was 1 of 38 cases (2.5 percent) of tricuspid 
atresia (confirmed by angiography or autopsy or 
both) studied at the University of California, Los 
Angeles, Medical Center from 1955 to 1970, and 1 of 
28 (3.6 percent) similarly confirmed cases of Eb- 
stein's malformation of the tricuspid valve studied 


during the same period. Van Praagh et al.* recently 
reported 3 cases similar to ours in 38 autopsy speci- 
mens (8 percent) with tricuspid atresia. Another 
similar case was mentioned in a review article on 
Ebstein's anomaly of the tricuspid valve from the 
same institution,? but it was not clear whether this 
case was also included in the report by Van Praagh 
et al. This difference in prevalence is to be expected 
in view of the rarity of the lesion and differences in 
method of selection of cases (our series included clin- 
ically diagnosed as well as autopsy cases). 

Although the occurrence of this cardiac defect is 
rare, it is surprising that more cases have not been 
found in light of the aggressive diagnostic and thera- 
peutic approach to congenital heart disease in the 
past two decades. 

To our knowledge this is the fourth case of this 
type recorded; the first three were reported by Van 
Praagh et al.* Miller® mentioned a somewhat similar 
case, and Lev et al.? described a case of pulmonary 
and tricuspid atresia with features similar to those in 
our case. In the latter case, the original tricuspid ori- 
fice was minute with herniation of the tricuspid 
valve into the right ventricular cavity. 

Embryology and nomenclature: This lesion has 
been classified as a form of tricuspid atresia,* but in 
light of the embryologic development of the tricuspid 
valve, it may be considered a form of Ebstein's 
anomaly. The tricuspid valve is developed by under- 
mining of a “skirt” of right ventricular muscle tissue 
(with mesenchymal tissue on the atrial side).7-9 The 
process of undermining extends until the atrioven- 
tricular junction is reached. Subsequent resorption of 
the muscle results in normal-appearing valve leaflets 
and chordae tendineae. Should the process of under- 
mining stop short of the atrioventricular annulus, 
various degrees of Ebstein’s malformation of the tri- 
cuspid valve will result.5.9 If the tricuspid valve 
cusps fail to separate from each other, or if the al- 
ready separated leaflets fuse, the result will be atre- 
sia of the orifice of the tricuspid valve as in our case. 
By contrast, tricuspid atresia has been postulated to 
originate in malpositioning of the atrioventricular 
canal cushions? so as to narrow or occlude the right 
atrioventricular orifice. This fundamental embryolog- 
ic defect produces appropriate alterations in the 
blood flow resulting in the abnormal anatomy seen 
in the usual case of tricuspid atresia, namely, a large 
left ventricle, a very small right ventricle and a small 
pulmonary artery. It is therefore logical embryologi- 
cally (and anatomically because of the appearance of 
the tricuspid valve) to group our case with Ebstein’s 
anomaly of the tricuspid valve rather than with tri- 
cuspid atresia. However, when physiologic or diag- 
nostic considerations are important, this condition 
may be grouped with tricuspid atresia. 

Diagnosis: Because of the surgical implications, it 
is important to distinguish cases of this type from 
cases of tricuspid atresia. The initial clinical presen- 
tation and subsequent course in our case are consis- 
tent with a diagnosis of type IC or type II tricuspid 
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= right ventricle. 


atresia? rather than Ebstein’s anomaly of the tricus- 
pid valve.5.5.19 The chest roentgenograms are not 
atypical for Ebstein's disease, but the increased pul- 
monary vascularity in early infancy is unusual for 
this disease.?.19 Although abnormal superior devia- 
tion of the mean frontal plane QRS vector (“‘left axis 
deviation") is characteristically present in tricuspid 
atresia, it is also reported to occur in 21 to 29 per- 
cent of cases of Ebstein's anomaly.5.19.11 An abnor- 
mally superior mean frontal plane vector with coun- 
terclockwise rotation was present in our case. Right 
bundle branch block, typical for Ebstein's anomaly, 


FIGURE 5. Right atrial aspect of heart. a, 
showing the interior of the right atrium and 
the atrialized right ventricle (ARV). The in- 
terruped line marks the tricuspid valve annu- 
lus. b, closeup view of the atretic and Eb- 
stein malformed tricuspid valve leaflets. The 
interrupted line again marks the tricuspid 
valve annulus. FO = fossa ovalis; RA = 
right atrium, septal aspect; TV = tricuspid 
valve leaflet. 


FIGURE 4 (left). Anterior view of the 
normally related 
great arteries, a dilated right atri- 
Sum and enlarged left ventricle. AA 
“a= ascending aorta; LV = left ven- 
itricle; PT = pulmonary trunk; RV 


FIGURE 6 (right). Right ventricle 
exposed by a linear cut in its an- 
terior wall showing the absence 
of valvular or infundibular stenosis. 
The ventricular 
(VSD) opens into the body of the 
right ventricle. The obstructed T. 
cuspid valve (TV) is seen in the 

PT = pulmonary 

trunk; PV = pulmonary valve leaf- 

lets; RAA = right atrial appendage; - 
RV = right ventricle. i. 


lower portion. 
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septal defect 





occurred in cases presented by Van Praagh et al.* 
but was not present in ours. 

Catheterization of the right ventricle by way of the 
tricuspid valve is not possible in tricuspid atresia as 
it was in our case. In Ebstein’s anomaly of the tri- 
cuspid valve, the right ventricle only rarely may not 
be entered.5.19 The right atrial angiogram in the 
frontal projection appears to help separate these two 
lesions. In tricuspid atresia, right atrial angiography 
will result in sequential opacification of the left atri- 
um, left ventricle and right ventricle (if ventricular 
septal defect is present). The features in our case are 
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similar and consistent with a diagnosis of tricuspid 
atresia. However, close-examination of the right atri- 
al angiogram (Fig. 2b) shows that the left border of 
the opacified right atrial shadow (arrows) is dis- 
placed more to the left than is usual in tricuspid 
atresia. The displacement, caused by filling of the 
atrialized portion of the right ventricle, can be better 
appreciated by comparing this angiogram with an- 
giograms in cases of typical tricuspid atresia (Fig. 2, 
c and d). 

Intracavitary electrograms may be helpful in dis- 
tinguishing these two conditions but were not ob- 
tained in our case. Routine performance of intracavi- 
tary electrography cannot be recommended in all 
cases of tricuspid atresia. If the diagnosis of Eb- 
stein's malformation with atresia of the tricuspid 
valve is suspected from the right atrial angiographic 
appearance, intracavitary electrograms may help 
confirm the diagnosis by revealing ventricular elec- 
trographic complexes at about the left border of the 
opacified right atrial shadow and atrial complexes 
proximally. In summary, all the clinical features and 
the usual laboratory data as well as cardiac catheter- 
ization findings may fail to differentiate these two 
lesions. However, right atrial angiography may be 
quite helpful in distinguishing Ebstein's anomaly of 
the tricuspid valve with atresia from the usual case 
of tricuspid atresia. 

Pathology and associated lesions: In Ebstein's 
anomaly, the septal and inferior leaflets of the tri- 
cuspid valve are usually displaced downward and 
plastered onto the right ventricular myocardium, 


whereas the anterior leaflet is normally attached.?.5. | 


8.12 [n our case, all three leaflets of the tricuspid 
valve were displaced downward and, to various de- 
grees, were plastered onto the right ventricle. In addi- 
tion, there was fusion of the edges of all three leaflets 
so that there was no effective communication be- 
tween the right atrium and the right ventricle. A sig- 
nificant portion of the right ventricle was atrialized. 
This case does resemble tricuspid atresia physiologi- 
cally and hemodynamically but is anatomically quite 
different from it. 

Pulmonary blood flow was increased in early in- 


fancy, but later was decreased. At autopsy, the ven- 
tricular septal defect was found to be small but pat- 
ent. This sequence of events is consistent with spon- 
taneous reduction in the size of the ventricular septal 
defect.13.14 

Association of other cardiovascular anomalies with 
Ebstein's disease is well documented and was found 
in 33 to 47 percent of cases in two large series.2?.5 In 
10 of the 33 cases of complicated Ebstein's disease 
reported in these series, ventricular septal defects 
(excluding tetralogy of Fallot and transposition of 
the great arteries) were present. Thus, ventricular 
septal defect, as in our case, is a fairly common 
anomaly in complicated Ebstein's disease. 

Markedly enlarged and pulsatile liver and edema 
in our case (at age 2 years) were thought to be due to 
obstruction at the level of the atrial septum because 
of a marked pressure gradient across the atrial sep- 
tum in favor of the right atrium. This was probably 
due to spontaneous diminution in size of the patent 
foramen ovale. 

Surgery: Total surgical correction of tricuspid 
atresia is not feasible, but the lesion can be palliated 
by systemic to pulmonary arterial shunts of various 
types.3.13 In Ebstein’s anomaly, there have been sev- 
eral reports of success with total repair.15-21 The 
procedure of choice appears to be prosthetic valve 
replacement!5-21 after excision of the tricuspid valve 
leaflets. Lillehei et al.19.21 recommended leaving the 
interatrial communication open to allow a right to 
left shunt in case the right ventricle fails to maintain 
adequate output. They suggested that the atrial de- 
fect be closed at a subsequent operation.!9.21 Reposi- 
tioning of the deformed leaflets of the tricuspid valve 
to their normal plane and thus excluding the abnor- 
mally contracting ‘‘atrialized ventricle" from the cir- 
culation may be a logical physiologic approach.22-24 
Additional aneurysmorrhaphy of the right ventricle 
or valve replacement?» may be necessary. In our case 
it might have been possible to excise the tricuspid 
valve and replace it with a prosthetic valve. Since 
this defect is correctable by surgery, at least poten- 
tially, differentiation of these cases from isolated tri- 
cuspid atresia is important. 
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Saphenous vein bypass surgery for obstructed coro- 
nary arteries is a promising development in the sur- 
gical management of patients with coronary artery 
disease.1-? However, because of the progressive na- 
ture of the disease, the small size of the vessels that 
are anastomosed and the well known results of femo- 
ropopliteal surgery, the long-term benefits for these 
patients are still in doubt. Furthermore, even shunt 
patency may not prevent myocardial infarction, ex- 
tend survival or improve myocardial functional ca- 
pacity. Nevertheless, the early reports of effects of 
such surgery on patients with chronic angina pecto- 
ris are encouraging. Angina pectoris, as with most 
earlier surgical revascularization procedures, tends to 
disappear; exercise tolerance is increased in a high 
proportion of patients; and the quality of life is im- 
proved. 

What is the operative mortality? Recent reports 
suggest a hospital mortality rate as low as 2.5 per- 
cent in patients without severe left ventricular dys- 
function. A review of the recent literature suggests 
that the operative and immediate postoperative 
mortality rates range from 4 to 12 percent. It appears 
that the functional status of the left ventricle is an 
important factor in determining risk at operation. To 
assess this risk, we should know the size and func- 
tion of the left ventricle, and whether there is a com- 
plicating aneurysm or papillary muscle dysfunction. 
This estimation can be obtained only by cardiac 
catheterization procedures that include selective 
ventriculography and high-quality selective coronary 
arteriography. Routine studies of this type appear 
feasible, since they have deen performed safely in our 
laboratories and in mary others, even in patients 
who are critically ill. It is necessary to know the ex- 
tent and location of the obstructive coronary lesions 
and the adequacy of the distal runoff. The hemody- 
namic status of patients with coronary heart disease 
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may be entirely normal in the absence of stress; con- 
sequently, exercise or atrial pacing has been used in 
our laboratory in the preoperative evaluation. Al- 
though exercise stress appears to be a sensitive crite- 
rion, it is contraindicated in the presence of the 
"preinfarction syndrome"; hence, such studies are 
not performed in patients with this syndrome. 

Low surgical mortality rates in many reported 
studies reflect the selection of low risk patients with 
good ventricular function. In our experience with 
more than 500 patients, the mortality rate for the 
group with poor left ventricular function was ap- 
proximately 15 percent. Surgical mortality is also 
greater in patients with triple vessel disease than in 
those with single vessel disease.* It has been re- 
ported‘ that the hospital mortality is slightly greater 
in those with double and triple vessel disease than in 
those with single bypass. These statistics are even 
more meaningful if the surgeon is not able to bypass 
an obstructed coronary artery. Patients who were 
subjected to an incomplete procedure wherein all the 
obstructed vessels could not be adequately bypassed 
did poorly after surgery. An anastomosis inadequate 
because of technical problems or severe distal ath- 
erosclerosis permits continuing ischemia, and the 
operative and postoperative risk is thereby greatly 
increased. 

The number of operative deaths among patients 
with impending myocardial infarction varies consid- 
erably, ranging from 0 to 19 percent.9?-5 These dispa- 
rate results represent various methods of selecting 
patients. Apparently, these groups of patients are 
not homogeneous, and the risk and prognosis vary 
considerably. The physician at the bedside is not al- 
ways able to differentiate preinfarction from the e- 
volving infarction syndrome. We believe the mortality 
to be much greater in patients with evolving infarc- 
tion and therefore do not recommend the operation 
at that particular time. 

What is the operative morbidity? Complications 
at the time of operation and during the immediate 
postoperative period include ventricular failure and 
cardiogenic shock due to prolonged pump time, myo- 


/ 


cardial infarction, systemic and pulmonary embo- 
lism, cerebral vascular accidents, acute tubular ne- 
crosis and thrombophlebitis. It has also been our ex- 
perience, and that of others, that about 7 to 20 per- 
cent of patients surviving saphenous vein bypass sur- 
gery show changes due to acute myocardial infarc- 
tion as evidenced by major electrocardiographic 
changes (Q wave abnormalities).9-11 Myocardial in- 
farctions in our study were observed at necropsy in 
25 to 30 percent of patients who died at operation. 
We suspect that the infarction was a result of techni- 
cal problems at the time of anastomosis, particularly 
when there was distal disease. 

Prolonged pump time and difficulties with anasto- 
moses and endarterectomy are associated with oper- 
ative and postoperative myocardial infarction. Pat- 
ent shunts have been observed in many of our pa- 
tients who have myocardial infarction during opera- 
tion; thus, nonpatency is not always associated with 
this complication. Myocardial infarction tends to de- 
velop in patients with poor distal runoff and in those 
with multiple bypass grafts. The clinical course is 
generally benign in those patients who survive the 
complication of myocardial infarction. 

There are delayed complications, for example, re- 
currence of angina pectoris owing to closure of the 
graft; progression of the atherosclerotic process in 
the proximal or distal portion of the coronary artery 
originally involved or in other vessels; endophlebitis 
involving the graft with thrombosis; coronary "steal 
syndrome," that is, a retrograde flow from coronary 
arteries to the patent shunt with retrograde blood 
flow to the aorta; and progressive power and electri- 
cal failure of the myocardium. 

What are the results of bypass surgery? In our 
experience with more than 500 consecutive patients 
with chronic recurrent angina pectoris, angina was 
completely relieved in at least 75 percent. Many of 
these patients have returned to full-time employ- 
ment. Alderman et al.!? reported the results in 102 
consecutive patients evaluated extensively an aver- 
age of 11.5 months after operation. Fifty-two percent 
experienced complete relief of angina, 13 percent had 
moderate improvement, 16 percent had no improve- 
ment and 9 percent were dead 1 year after operation. 
The substantial correlation between clinical im- 
provement and graft patency suggests that the relief 
of angina pectoris is more than psychologic. 

Clinical improvement may result from only partial 
revascularization of ischemic areas of myocardium. 
However, when angina pectoris remains or recurs 
after operation, the likelihood of graft closure is high. 
In our experience with 25 patients with impending 
myocardial infarction, angina pectoris was absent in 
all but 2 patients after operation; 19 returned to full- 
time employment. 

In the past, enthusiasm about the relief of angina 
pectoris after various surgical procedures has often 
given way to deep disappointment; for example, 
after pericardial poudrage and internal mammary ar- 
tery ligation and implantation. The palliation of an- 
gina pectoris cannot be relied upon as the sole crite- 
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rion of successful myocardial revascularization. It is 
clear that the placebo effect of surgery is a signifi- 
cant factor in patients with angina, and even a sham 
procedure will reduce symptoms in most patients. 
Objective studies are necessary in the postoperative 
evaluation. Therefore, in most patients whose condi- 
tion improves, the shunt or shunts should remain 
patent over a long-term period, ventricular function 
should improve, exercise tolerance should increase, 
and the frequency of myocardial infarction and mor- 
tality during a 3, 10 and 15 year period should be 
considerably less than the frequency in a randomized 
control group. Regrettably, this information is not 
yet available. 

What happens to the saphenous vein graft? 
How long will these shunts remain patent? At pres- 
ent it is premature to reach a decision about the rate 
of closure and which vessels close. Apparently, the 
rate of closure of grafts ranges from 8 to 32 percent 
during the first year; closure is possibly more fre- 
quent with shunts to the distal portion of the left cir- 
cumflex artery and the posterior descending branch 
of the right coronary artery than with shunts to the 
larger coronary vessels. Alderman et al.!? reported 
that 80 of 106 grafts were patent (75 percent) within 
an average of 11.5 months after operation. Graft pa- 
tency early in their surgical experience was only 57 
percent. Levin et al.!3 studied the bypass patency 
rate in patients with good and poor distal runoff. In 
their experience, among the 47 arteries having a dis- 
tal lumen diameter greater than 1 mm, a graft pa- 
tency rate of 91 percent was achieved. Among the 10 
arteries having a distal lumen diameter of only 1 mm 
or less, a patency rate of only 32 percent was noted. 
It would appear that the coronary arteriogram gener- 
ally provides an accurate indication of the actual 
caliber of the distal segments; if this vessel is 1 mm 
or less, diffuse atherosclerosis is likely and the prog- 
nosis for long-term graft patency is unfavorable. In 
our experience with 86 bypass grafts and 50 patients 
in whom flow was measured at the time of surgery 
by an electromagnetic flowmeter, the average flow 
through the bypass graft was 71 ml/min when runoff 
was considered good. In patients with poor distal 
runoff owing to distal atherosclerosis, the average 
flow measured only 28 ml/min. Successful surgery to 
achieve a good clinical result can be correlated with 
the flow through the bypass as measured at the time 
of operation, since the flow through the bypass is di- 
rectly related to the degree of distal atherosclerosis. 
These grafts may also be obliterated because of 
endophlebitis, a response to high arterial pressure 
within the vein segment.!* 

In cumulative reports of short-term results of coro- 
nary arteriography involving a total of more than 800 
grafts studied 1 week to more than 1 year after sur- 
gery, the patency rates ranged from 64 to 96 percent, 
with an average of 85 percent.!? Many nonsurvivors 
have occluded grafts and obviously are not included 
in these studies. This information should be bal- 
anced with the possibility that in the larger series, 
all patients with the complication of recurrent angi- 
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na pectoris were studied. One should expect a larger 
number of patients with graft closure in the group 
with postoperative complications. Some reports have 
suggested that if the graft is patent at the end of 1 
year, it generally remains patent thereafter. We and 
others have observed that competitive blood flow be- 
tween the coronary artery and the bypass may result 
in a progression of atherosclerotic obstruction in the 
proximal coronary arteries. After operation, the coro- 
nary blood flow is now largely through the shunt. 
The reduced flow through the coronary artery may 
accelerate the progression of atherosclerosis or 
thrombosis, or both, in the proximal part of this ves- 
sel. For this reason, the patient who experiences the 
complication of late shunt closure may be in serious 
trouble. The closure of the shunt would now leave 
the patient with less coronary blood flow than before 
surgery. 

Long-term patency rates in patients with cardiac 
disease are not known, but saphenous vein femoro- 
popliteal bypass graft surgery has provided us with 
important information. It is now clear that the late 
results of these operations are less encouraging than 
the early ones. In most reported series failure rate 
has been 50 percent after 3 to 5 years.19-18 In most 
reported series, when runoff to the legs was only 
moderate to poor, there was a drastic fall in the pa- 
tency rates after a few years. We suspect that the 
failure of the graft is more common when an endar- 
terectomy is also necessary. 

Is ventricular function improved after bypass 
surgery? It has been shown that abnormalities in 
myocardial contraction produced by myocardial 
ischemia may be partially or completely relieved 
after direct revascularization. Chatterjee et al.19 
showed striking improvement in left ventricular 
function after successful relief of acute and chronic 
myocardial ischemia. Their data suggest significant 
improvement of ventricular wall motion and pump 
function in patients with obstructive coronary artery 
disease after successful bypass surgery even in the 
presence of old myocardial infarction. Their study 
included only patients who had a normal end-dia- 
stolic volume initially; beneficial results might not 
occur in patients with cardiomegaly and more severe 
heart failure. 

In our experience, improvement in left ventricular 
function cannot always be documented in patients 
with moderate left ventricular dysfunction. Postop- 
erative ventriculography and atrial pacing with left 
ventricular work function curves perform important 
roles in evaluating the postoperative results. Despite 
widespread acceptance of this procedure, there are 
few objective data supporting the claimed benefits of 
this operation. It is difficult to establish that im- 
provement is due only to relief of myocardial isch- 
emia by flow through the vein graft. Clinical im- 
provement after operation is nonspecific, possibly re- 
lated to bed rest or to a different hemodynamic state 
or other unknown factors. Ventriculographic studies 
after operation are hard to interpret, particularly 
when arrhythmias are present during these studies. 
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When the surgeon achieves adequate revasculariza- 
tion to ischemic areas, should we expect improved left 
ventricular function in all patients, and to what de- 
gree? Blood flow relieves local ischemia, with benefit 
to local dysfunction of the ventricle. How is this 
translated into improved total left ventricular func- 
tion? 

Does this operation prolong life? Only limited 
information is available concerning long-term follow- 
up of patients after saphenous vein bypass surgery. 
It has been reported that the late mortality rate is 
1.5 to 3 percent a year, with minimal occurrence of 
myocardial infarction.* It is important that these 
statistics be matched with those in control subjects. 
Control groups may comprise those patients studied 
with coronary arteriography who have either refused 
surgery or have not been considered candidates, or 
who have had surgery, after which their bypass 
shunts have closed. How does this bypass operative 
mortality rate compare with mortality rates in pa- 
tients with coronary heart disease not subjected to 
bypass surgery? (In a number of reported studies of 
patients who had severe double and triple vessel dis- 
ease, the annual mortality rate was about 10 per- 
cent.) 

What is the natural history of angina pectoris? 
The annual mortality rate in patients with angina 
pectoris ranges from 5 to 15 percent. Involvement of 
two or three coronary arteries with at least 70 per- 
cent obstruction resulted in a higher annual mortali- 
ty rate than when a single artery was obstructed. In 
a recent study, three vessel disease was responsible 
for 10 percent mortality rate per year, and two vessel 
disease for 6.3 percent.?? Single vessel disease of the 
right coronary artery was associated with a mortality 
rate of only 1.8 percent per year.?! However, single 
vessel disease of the left anterior descending coro- 
nary artery resulted in an annual mortality rate of 4 
percent, or 30 percent at the end of 7 years. 

It is likely that patients with angina pectoris and 
significant left main coronary artery disease have the 
most ominous prognosis when treated only medically. 
Five of 10 patients with 50 percent or greater 
obstruction of the left main coronary artery died 
within 25 months.?? In our experience with 30 such 
patients, angina pectoris was moderate to severe, 
and atrial pacing easily induced angina with con- 
comitant increased left ventricular end-diastolic 
pressure.?3 Abnormal ventricular function curves 
and significant obstruction in at least two or three 
vessels were noted. Three deaths were associated 
with cardiac catheterization (mortality rate 10 per- 
cent); three of the nine patients not operated on 
have died, all within 1 month after arteriography. 
Because of the high risk of sudden death in these pa- 
tients with left main coronary artery disease, coro- 
nary arteriography should be performed with cau- 
tion. We believe that all such patients should under- 
go routine monitoring after catheterization and, 
when technically feasible, saphenous vein bypass 
surgery should be performed. In our experience only 
2 of 18 patients died at operation, and the 16 survi- 


vors were reported to have a significantly improved 
condition when they were followed up for 24 months. 
Which patients are selected for bypass opera- 
tion? The selection of patients for saphenous vein 
bypass is not difficult. This procedure should be con- 
sidered in patients who have disabling or unstable 
angina pectoris, with at least 70 percent obstruction 
of a proximal coronary artery, and who have good 
distal runoff and adequate ventricular function. Sin- 
gle bypass to the right coronary artery or to the left 
circumflex vessel is not warranted unless intractable 
arrhythmias are life-threatening or recurrent unsta- 
ble angina pectoris is prominent. The rewards are 
significant for patients with preinfarction angina. 
Angina pectoris is often alleviated and long-term re- 
sults appear satisfactory. In patients with uncon- 
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trolled recurrent angina pectoris, the mortality rate 
without surgery is high in comparison with that in 
patients who have had surgery. 

Bypass surgery is recommended for patients with 
significant obstruction in the left main coronary ar- 
tery or in the proximal portion of the left anterior 
descending coronary artery. Accelerated angina pec- 
toris in patients with obstruction in any one of these 
areas is ominous. For patients with cardiogenic 
shock after acute myocardial infarction, this proce- 
dure is still highly experimental. This operation 
should also be considered for patients with ischemic 
life-threatening arrhythmias refractory to medical 
therapy. The operation is generally contraindicated 
in patients with marked ventricular dysfunction or 
distal atherosclerosis and poor runoff. 
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LETTERS TO THE EDITOR 


FORWARD CONDUCTION—ANTEGRADE OR 
ANTEROGRADE? 


I read with interest the paper by Hecht and associates! on 
atrioventricular and intraventricular conduction. While I 
don’t wish to detract from the excellence and lucidity of 
this presentation, it is perhaps apposite to point out that, 
in a paper appraising electrophysiologic nomenclature, the 
terms used should be acceptable both technically and 
with respect to the English language. I refer to the use of 
antegrade for forward conduction. The prefix ante con- 
notes before in time, place or event, as in antecedent, an- 
techamber and antemortem. Antegrade thus connotes be- 
fore the movement, the hypothetical opposite of which 
would be postgrade. No mention is made of either word in 
Stedman’s Medical Dictionary. Dorland’s Medical Dictio- 
nary refers the reader from antegrade to anterograde, and 
then defines the term. If, indeed, such a word as ante- 
grade does exist, or if it were to be formulated, its appli- 
cation to forward conduction would be quite incorrect. 

Equally undesirable is the frequent and incorrect use in 
the literature of orthograde for forward conduction. The 
prefix ortho means upright, and orthograde refers to up- 
right movement, the upright walking posture, the opposite 
of which is pronograde. 

The correct term for forward conduction should be an- 
terograde: movement in front, or anteriorly directed 
movement. 


Leo Schamroth, MD, FACC 
Johannesburg, South Africa 
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REPLY 
Schamroth's objection to our use of the adjective ante- 
grade was received with interest and gratitude. It helped 
to reveal one and probably two voids in the English lan- 
guage, one of which can be filled quite correctly and ap- 
propriately by the very word he opposes. 

He states that the prefix ante connotes before, as in an- 
tecedent or antechamber. In Webster's dictionary! an ad- 
ditional subsense of the prefix is forward, and the verbal 


illustrations given are anteflexion and anteversion, both 
with meanings well known to medical men. Although Dor- 
land's dictionary,? as he indicates, makes antegrade 
equivalent to anterograde, these words are not synony- 
mous. Clearly the prefix antero, which means anterior, is 
not the same as forward, depending on the frame of refer- 
ence. For example, conduction of impulses in the sciatic 
nerve is normally forward (in the nerve) but also caudad, 
not anterior (in the body). 

The antonym for anterograde would, at first glance, ap- 
pear to be retrograde. However, the prefix retro is de- 
fined? to mean backward or reversely, and retrograde, 
among other things, means moving, directed or tending in 
a backward direction. Just as forward is not the same as 
anterior, backward is not the same as posterior, again de- 
pending on the frame of reference. The antonym for anter- 
ograde should be posterograde, but the latter is not listed 
as a word in the dictionaries cited, nor has it been en- 
countered, so far as can be recalled, in the medical litera- 
ture. 

No comment can be made on Schamroth’s remarks on 
the terms orthograde and pronograde. 

In conclusion, the English language appears to be in 
need of the word antegrade because its implied meaning 
(moving forward) is correct and its antonym retrograde is 
already in use. Further, a cogent argument can be provid- 
ed in support of the addition of the word posterograde as 
the antonym for anterograde. 

I know Dr. Hecht, if he were still alive, would join me, 
as do the collaborating authors, in thanking Dr. Scham- 
roth for his thought-provoking and etymologically produc- 
tive criticism. The apparent deficiency at official sources 
of two medically useful words will be called to the atten- 
tion of the editors of the leading English language and 
medical dictionaries for their consideration. 


Charles E. Kossmann, MD, FACC 
Department of Medicine 

Division of Circulatory Diseases 
The University of Tennessee 
Memphis, Tennessee 
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Calendar of Continuing Medical Education Programs 


The National Committee for Con- 
tinuing Medical Education, William 
Likoff, MD, FACC, Chairman, announces 
the following calendar of programs. 

Each program is designed to en- 
large knowledge and clarify the end- 
lessly changing frontiers which mark 
scientific achievements in the recog- 
nition and treatment of cardiovascular 
disease. Although the disciplined ob- 
jective of each program as well as its 
content, format and faculty are pri- 


marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of final re- 
view and approval, whether the pro- 
gram is sponsored solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
sional societies. 

Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 


gram structures vary as to methods of 
education. 

The National Committee for Con- 
tinuing Medical Education of the Col- 
lege earnestly solicits the interest of 
member and nonmember physicians 
alike in continuing education for the 
clear reason that participation provides 
a unique opportunity to deepen one's 
understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 
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Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of Continuing 
Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


1973 


DEC. Advances in Heart Disease 

7-9 1974. Dean T. Mason, FACC, 
director. San Francisco Hil- 
ton, San Francisco, Calif. 


DEC. Colloquia in Cardiology: 

12 Number 6—Electrophysio- 
logic Bases for Clinical Ar- 
rhythmias. Robert W. Oblath, 
FACC and Ronald Danzig, 
FACC, directors. Ambassa- 
dor Hotel, Los Angeles, 
Calif. 


DEC. 
13-16 


The William Likoff Sympo- 
sium: Recent Advances in 
Cardiovascular Disease. 
Henry |. Russek, FACC, di- 
rector. New York Hilton, 
New York, N. Y. 


1974 


JAN. Core Curriculum: Echocardi- 

? ography. Arthur D. Hagan. 
director. U. S. Naval Hospi- 
tal, San Diego. Calif. 


JAN. Non-Invasive Methods in 

10-12 Cardiac Diagnosis. Ernest 
Craige, FACC, director. Uni- 
versity of North Carolina 
Scnoo! of Medicine, Chapel 
Hill N.C. 

JAN. Core Curriculum: Cardio- 

11-13 vascular Physiology: Clinical - 


Utilization of Invasive and 
Non-Invasive Measurements. 
William W. Parmley, FACC, 
James S. Forrester and H. J. 
C. Swan, FACC, directors. 
Riviera Hotel and Country 
Club, Palm Springs, Calif. 


The Cardiac Care Unit in 
1974—Integrated Medical- 
Surgical Care in Acute Coro- 
nary Artery Disease. John H. 
K. Vogel, FACC, director. 
Opticon Theater, Snowmass 
at Aspen, Aspen, Colo. 


JAN. 
13-15 


FEB. 
11-14 


Twenty-third Annual Scien- 
tific Session. H. J. C. Swan, 
FACC, president. Americana 
Hotel and New York Hilton, 
New York, N. Y. 


FEB. 
15-16 


1974 Reconvened Annual 
Scientific Session. Carlos E. 
Bertran, FACC, director. 
Americana of San Juan, 
POR: 


Consultant's Course in 
Cardiology. Simon Dack, 
FACC., director. Mt. Sinai 
Medical Center, New York, 
N.X. 


MAR. 
18-22 


Core Curriculum: Pathology 
of the Heart. Maurice Lev, 
FACC, director. Palmer 
House, Chicago, Ili. 


MAR. 
21-23 
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MAR. 
25-27 


Electrocardiographic Inter- 
pretation of Arrhythmias: 
A Physiological Approach. 
Charles Fisch, FACC, direc- 
tor. Indiana University Med- 
ical Center, Indianapolis. 


MAR. 
28-30 


High Blood Pressure— When 
and How To. Robert S. Eliot, 
FACC, director. Gerald L. 
Wolf and Francis L. Land, co- 
directors. University of Ne- 
braska Center for  Con- 
tinuing Education, Omaha, 
Nebr. 

APR. Con- 
1-10 


Cardiology for the 
sultant: A  Clinicians Re- 
treat. E. Grey 
FACC, director. Rancho 
Santa Fe Inn, Rancho Santa 
Fe, Calif. 


Dimond, 


APR. Advances in Clinical Car- 

4-6 diology. Lawrence S. Cohen, 
FACC, director. Yale Uni- 
versity School of Medicine, 
New Haven, Conn. 


Core  Curriculum— Vector- 
cardiography (A Basic Work- 
shop). Alberto Benchimol, 
FACC, director. Scottsdale 
Hilton Hotel, Scottsdale, 
Ariz. 


APR. 
17-19 


Current Concepts in Cardi- 
ology—1974. Philip R. Akre, 
director. Grand Hotel, Las 
Vegas, Nev. 


APR. 
22-25 
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COLLEGE NEWS 


MAY The Treatment of Coronary 

6-8 Syndromes. J. Willis Hurst, 
FACC, director. Royal 
Coach Motor Hotel, Atlanta, 
Ga. 

MAY The Ventricular Ectopic Beat: 

9-11 Heart-throb or Harbinger of 


Death. Bernard Tabatznik, 
director. Urban Life Center, 
Columbia, Md. 





The American College of Cardiology 
achieved its legal start with the 
granting of its charter on December 
2, 1949. The constitution, the bylaws 
and all the paraphernalia of the orga- 
nization were in order. One member 
of the founding group was a certified 
parliamentarian and that was a great 
help. But the seal remained a special 
problem. 

The central motif must obviously 
be a heart, but an exact copy from 
Gray's Anatomy seemed too trite. We 
had set the goal of the College as an 
educational institution strictly within 


the medical profession; we needed 


something in the best tradition of the 
early beginnings of scientific medi- 
cine. 

For many centuries the Church 
had forbidden as a sacrilege the dis- 
section of the human body. Medical 
men had their learning out of books; 
Aristotle and Galen were the authori- 
ties. The early 16th century saw the 
beginnings of rebellion. Leonardo 
DaVinci did human dissections at a 
time when one needed the protection 
of a powerful prince. The authority 
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MAY Clinical Auscultation of the 

15-17 Heart. W. Proctor Harvey, 
FACC, director. Georgetown 
University School of Medi- 
cine, Washington, D. C. 

MAY Core Curriculum: Rational 

17-19 Drug Therapy in  Cardio- 


vascular Disease. Robert J. 
Lee, PhD., director. The 
Nassau Inn, Princeton, N. J. 


Historian's Notebook: 
The College Seal 


must be not what one read but what 
one saw. Leonardo's drawings were 
accurate and beautiful, but were not 
published in his lifetime. Their influ- 
ence was limited, but a vogue of 
thought was started. Twenty years 
after Leonardo died, his ideas caught 
fire. 

By 1530 Padua had become the 
greatest university in Europe, and a 
hotbed of new thinking among stu- 
dents and faculty. Andreas Vesalius 
gave the impetus to the new activity 
in anatomic dissection. The bodies 
were of criminals and, since stealing 
a loaf of bread was a capital offense, 
there was no dearth of bodies. Vesal- 
ius dissected, taught, lectured, drew 
and supervised drawings. A whole 
dynasty of important researchers and 
teachers came írom the halls of 
Padua, among them William Harvey. 
Finally, in 1543 Vesalius published 
the first complete book of anatomic 
drawings. Its influence was immedi- 
ate and immense. Great surgeons 
like Ambroise Paré were trained in 
the new knowledge. Padua was a 
center of learning and knowing, the 
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MAY Cardiologists Appraisal of 

23-25 Operable Heart Disease. Ar- 
thur Selzer, FACC, director. 
St. Francis Hotel, San Fran- 
cisco, Calif. 

JUNE Core Curriculum in Echocar- 

6-8 diography: New  Develop- 


ments in Cardiac Ultrasound. 
Arthur D. Hagan, director. 
Town and Country Hotel, 
San Diego, Calif. 


final emancipation from ancient tra- 
dition, a rebirth. 

It is perhaps hard for us to realize 
today that in 1949 our College inau- 
gurated what was then a whole new 
postgraduate teaching format, what 
has since become an explosion of 
workshops, seminars, circuit cours- 
es, cassettes—and the end is not in 
sight. We have no way of seeing so 
far ahead, but we did have a vague 
hope that we would be successful. 

We wanted our seal to memorial- 
ize the great beginnings of scientific 
medicine in Padua. We searched 
Vesalius' book and found that heart 
that he drew with the Latin labeling it 
"the center of life." We had it copied 
exactly as Vesalius drew it with the 
aorta, pulmonary artery, great veins 
and what seem to be the vessels ra- 
diating to the ribs. We believed that 
the Vesalian heart was a fitting sym- 
bol of what our College wanted to 
achieve, a teaching rebirth. 


PHILIP REICHERT, MD, FACC 
College Historian 
New York, New York 


Nitroglycerin 


still the drug of choice 
for acute angina? 


Most physicians agree that of the nitrates 
available for the relief of acute angina pectoris, 
sublingual nitroglycerin remains the drug of 
choice. However, nitroglycerin is an unstable 
compound that can migrate from tablet to tablet, 
from tablet to cotton packing, from tablet to air. 

And your patient may end up with too little 
nitroglycerin—just when its needed most. To help 
solve this problem, Parke-Davis has developed 
Nitrostat, a stabilized sublingual nitroglycerin. 


Nitrostat offers 
these important 
benefits: + Rapid relief of pain 
* Predictable patient response 
* Uniform potency from tablet to tablet 
e Stable sublingual dosage 
* Reliable in clinical confirmation of 
angina pectoris 





So whenever youre confronted by a patient 
with acute angina, think nitroglycerin. But 
write Nitrostat. 


N ITROSTAT.. ethe dependable nitroglycerin 


(nitroglycerin tablets, USP) 
Sublingual Tablets 


PARKE-DAVIS Parke, Davis & Company 
PD-JA-1045-1P (8-73) Detroit, Michigan 48232 


LESS frequency and severity Duration: 


of anginal attacks’ 4-6 hours for prolonge 
protection 


LESS need for nitroglycerin Onset of action: 
BEN. within 15-30 minutes 
And probably And when indicated: 


: - Sorbitrate’ (i bid 
LESS anxiety and apprehension | dinitrate 5 me oral 


over imminent attacks. tablets 


*Oral dosage forms of this drug have been evaluated as possibly effective. See Brief Summary. 





SUMMARY OF PRESCRIBING INFORMATION 





Indications: Based on a review of this drug by the National Academy 
of Sciences —National Research Council and/or other information, 
FDA has classified the indication as follows: 

"Possibly" effective: For the treatment of angina pectoris. 

Final classification of the less-than-effective indications require 
further investigation 








Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during the early days of 
the acute phase of myocardial infarction are insufficient to establish 
safety. 
Precautions: Should be used with caution in patients who have glaucoma. 
Tolerance and cross tolerance to other nitrates may occur. 
Adverse Reactions: Headache which may be severe and persistent. 
Lowering the dose and using analgesics will help control the headaches 
which usually diminish or disappear as therapy is continued 

Adverse reactions seen occasionally: Cutaneous vasodilation with 
flushing; transient dizziness and weakness as well as other signs of 
cerebral ischemia associated with postural hypotension; individual 


marked sensitivity to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic dose (alcohol may 


enhance this effect); drug rash and/or exfoliative dermatitis 

This drug can act as a physiological antagonist to norepinephrine, 
acetylcholine, histamineand other agents. 
Dosage and Administration: Oral tablets. 

Individual Dose: Smallest effective dose should be employed. Five to 
10 mg. is the range commonly used although doses of up to 30 mg. have 
frequently been employed. 

Dosage Schedule: Smallest effective dose necessary for the prevention 
and treatment of pain of an anginal attack. Oral SORBITRATE may be 
taken 3 to 4 times daily. Although the onset and duration of effect of 
coronary nitrates may vary, following are the generally reported ranges 
of these values for SORBITRATE: 

Onset of Effect: Oral: 15 to 30 minutes. 

Duration of Effect: Oral: Estimated to be4 to6 hours 

Itis recommended that the oral dosage be taken on an empty stomach 


STUART PHARMACEUTICALS | piv. of ICI America Inc 
WILMINGTON, DEL. 19899 | PASADENA, CALIF. 91109 
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PUBLISHED TO CORRECT A PREVIOUS 
ADVERTISEMENT WHICH THE FOOD AND DRUG 


ADMINISTRATION CONSIDERED MISLEADING 





QUESTRAN 


(CHOLEST YRAMINE) pean PGs CONTAINS 40. OF CHOLESTYRAMINE 


THE FOOD AND DRUG ADMINISTRATION CONSIDERS MISLEADING OUR ADVERTISING 
FOR QUESTRAN (CHOLESTYRAMINE RESIN) THAT APPEARED IN THIS JOURNAL. 


THE FDA STATES THAT THE AD: 


@ FAILED TO ADEQUATELY EMPHASIZE THE DRUG'S LIMITATIONS THAT 
QUESTRAN IS INDICATED AS ADJUNCTIVE THERAPY TO DIET IN 
LOWERING ELEVATED CHOLESTEROL LEVELS DUE ONLY TO PRIMARY 
TYPE Il HYPERLIPOPROTEINEMIA AND MAY INCREASE CHOLESTEROL 
AND TRIGLYCERIDE LEVELS IN PATIENTS WITH TYPES |, Ill, IV AND V. 


@ IMPLIED THAT QUESTRAN IS BOTH SAFER AND MORE EFFECTIVE 
THAN ANY OTHER AVAILABLE ANTILIPEMIC THERAPY FOR ITS IN- 
DICATED USE WHEN THE FACT IS THAT THIS HAS NOT BEEN ESTAB- 
LISHED BY COMPARATIVE STUDIES WITH ALL OTHER EFFECTIVE 
DRUGS IN TYPE Il HYPERLIPOPROTEINEMIA. 


@ FAILED TO ADEQUATELY EMPHASIZE THATIT HAS NOT BEEN ESTAB- 
LISHED WHETHER DRUG-INDUCED LOWERING OF SERUM CHOLESTEROL 
OR OTHER LIPID LEVELS HAS A DETRIMENTAL, A BENEFICIAL 
OR NO EFFECT ON THE MORBIDITY OR MORTALITY DUE TO 
ATHEROSCLEROSIS OR CORONARY HEART DISEASE. 


THE ADVERTISEMENT HAS BEEN DISCONTINUED BY DIRECTION OF THE FOOD AND 
DRUG ADMINISTRATION. 


QUESTRAN 


(CHOLESTYRAMINE) 


IMPORTANT NOTE: IT HAS NOT BEEN ESTABLISHED WHETHER 
DRUG-INDUCED LOWERING OF SERUM CHOLESTEROL OR 
OTHER LIPID LEVELS HAS A DETRIMENTAL, A BENEFICIAL, 
OR NO EFFECT ON THE MORBIDITY OR MORTALITY DUE TO 
ATHEROSCLEROSIS OR CORONARY HEART DISEASE. 


CONTRAINDICATIONS 


INDIVIDUALS HYPERSENSITIVE TO ANY OF ITS COMPONENTS AND PATIENTS WITH COMPLETE BILIARY 
OBSTRUCTION. 


WARNINGS 
DO NOT TAKE IN DRY FORM. MIX WITH WATER OR OTHER FLUIDS BEFORE INGESTING. 
USE IN PREGNANCY 
SAFE USE BY PREGNANT AND LACTATING WOMEN AND FETUS HAS NOT BEEN ESTABLISHED. WEIGH 
HAZARDS AGAINST POTENTIAL BENEFITS OF DRUG THERAPY. 
USE IN CHILDREN 
PRACTICAL DOSAGE SCHEDULE HAS NOT BEEN ESTABLISHED FOR INFANTS AND CHILDREN. LONG 


TERM DRUG ADMINISTRATION AND EFFECT IN MAINTAINING LOWERED CHOLESTEROL LEVELS UN- 
KNOWN IN PEDIATRIC PATIENTS. 


PRECAUTIONS 


SINCE CHOLESTYRAMINE RESIN MAY BIND OTHER DRUGS GIVEN CONCURRENTLY, PATIENTS SHOULD 
TAKE OTHER DRUGS AT LEAST ONE HOUR BEFORE OR FOUR TO SIX HOURS AFTER TO AVOID IM- 
PEDING THEIR ABSORPTION. 

QUESTRAN SEQUESTERS BILE ACIDS, THEREFORE IT MAY INTERFERE WITH NORMAL FAT ABSORP- 
TION AND THUS PREVENT ABSORPTION OF FAT SOLUBLE VITAMINS SUCH AS A, D AND K, AND AS 
AN ANION EXCHANGE RESIN, IT HAS A STRONG AFFINITY FOR ACIDIC MATERIALS AND MAY ALSO 
ABSORB NEUTRAL OR BASIC MATERIALS. CHOLESTYRAMINE RESIN MAY DELAY OR REDUCE ABSORP- 
TION OF CONCOMITANT ORAL MEDICATION SUCH AS PHENYLBUTAZONE, WARFARIN, CHOLOROTHIAZIDE 
(ACIDIC), TETRACYCLINE, PHENOBARBITAL, THYROID, THYROXINE PREPARATIONS, AND DIGITALIS. 
DISCONTINUANCE OF QUESTRAN COULD POSE A HAZARD TO HEALTH IF A POTENTIALLY TOXIC DRUG 
SUCH AS DIGITALIS HAS BEEN TITRATED TO A MAINTENANCE LEVEL WHILE THE PATIENT WAS TAKING 
QUESTRAN. 

CHECK SERUM TRIGLYCERIDE LEVELS PERIODICALLY TO ENSURE THAT SIGNIFICANT CHANGES 
HAVE NOT OCCURRED, IN NORMAL FAT DIGESTION. 

PROLONGED USE MAY PRODUCE HYPERCHLOREMIC ACIDOSIS, ESPECIALLY IN YOUNGER AND 
SMALLER PATIENTS WHERE THE RELATIVE DOSAGE MAY BE HIGHER. 

WHEN USED AS A CHOLESTEROL LOWERING AGENT, GASTROINTESTINAL DYSFUNCTION SHOULD 
BE EVALUATED PRIOR TO USE. 


ADVERSE REACTIONS 


CONSTIPATION, IMPACTION, HEMORRHOIDS, ABDOMINAL DISCOMFORT, FLATULENCE, NAUSEA, VOMIT- 
ING, DIARRHEA, HEART BURN, ANOREXIA, INDIGESTIVE FEELING, STEATORRHEA, BLEEDING TENDEN- 
CIES (HYPOPROTHROMBINEMIA — VITAMIN K DEFICIENCY), VITAMIN A AND D DEFICIENCIES, RASH, 
HYPERCHLOREMIC ACIDOSIS, OSTEOPOROSIS, CALCIFICATION, INCLUDING BILIARY COLIC. 


HEMATOLOGIC— DECREASED PROTHROMBIN TIME, ECCHYMOSIS, ANEMIA. 


CARDIOVASCULAR — CLAUDICATION, XANTHOMAS OF HANDS AND FINGERS, ANGINA, ARTERITIS, 
THROMBOPHLEBITIS, MYOCARDIAL INFARCTION, MYOCARDIAL ISCHEMIA, INCREASED POSTPRANDIAL 
ANGINA, CHEST PAINS. 


HYPERSENSITIVITY — URTICARIA, ASTHMA, WHEEZING, SHORTNESS OF BREATH. 
MUSCULOSKELETAL —BACKACHE, MUSCLE AND JOINT PAINS, ARTHRITIS. 


NEUROLOGIC — HEADACHE, ANXIETY, VERTIGO, DIZZINESS, FATIGUE, TINNITUS, SYNCOPE, DROWSINESS, 
FEMORAL NERVE PAIN, PARESTHESIA. 


EYE —ARCUS JUVENILIS, UVEITIS. 
RENAL —HEMATURIA, DYSURIA, BURNT ODOR TO URINE, DIURESIS. 


MISCELLANEOUS—WEIGHT LOSS, WEIGHT GAIN, INCREASED LIBIDO, SWOLLEN GLANDS, EDEMA, 
DENTAL BLEEDING. 

OTHER EVENTS REPORTED IN PATIENTS TAKING QUESTRAN INCLUDE: GI-RECTAL BLEEDING, 
BLACK STOOLS, HEMORRHOIDAL BLEEDING, BLEEDING FROM KNOWN DUODENAL ULCER, DYSPHAGIA, 
HICCUPS, ULCER ATTACK, SOUR TASTE, PANCREATITIS, RECTAL PAIN, DIVERTICULITIS. 


Mead [irem 


LABORATORIES 
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THERMODILUTION 


Using room temperature indicator! 


THERMODILUTION CARDIAC 
OUTPUT METER AND 
INTEGRATOR 


€ An intermediate instrument between the simple 
bridge and full scale computer. 

€ Battery operated—no shock hazards. Rechargeable. 

@ Will work with any thermistor catheter on the market; 
including Swan-Gantz balloon flow-directed catheter. 

@ Equipped with a recorder output. 

€ Provides information on the area under the dilution 
curve. (Extrapolates the dilution curve!) 

€ Price: $1,540.00 


; CARDIAC OUTPUT COMPUTER 
. E 


iMm 


Volts 


THERMO AND DYE DILUTION 
CARDIAC OUTPUT COMPUTER 


© Equipped with Thermodilution and/or Dye Dilution 
Densitometer 

€ Easy calibration, automatic zeroing. 

€ Remote control by foot switch. 

* Digital readout in L/min. 

€ Recorder outputs. 


COLUMBUS INSTRUMENTS 


X Div. of International Instruments Co. 


P. O. Box 5244 Columbus, Ohio 43212 
Telephone: (614) 488-6176 
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Enduron 


METHYCLOTHIAZIDE TABLETS 
Brief Summary 


CONTRAINDICATIONS: Anuria. 

Hypersensitivity to this or other sulfonamide-derived drugs. 

The routine use of diuretics in an otherwise healthy pregnant woman 
with or without mild edema is contraindicated and possibly hazardous. 


WARNINGS: Should be used with caution in severe renal disease. 
In patients with renal disease, thiazides may precipitate azotemia. 
Cumulative effects of the drug may develop in patients with 
impaired renal function. 

Thiazides should be used with caution in patients with impaired 
hepatic function or progressive liver disease, since minor alterations 
of fluid and electrolyte balance may precipitate hepatic coma. 

Thiazides may be additive or potentiative of the action of other 
antihypertensive drugs. Potentiation occurs with ganglionic or 
peripheral adrenergic blocking drugs. 

Sensitivity reactions may occur in patients with a history of allergy 
or bronchial asthma. 

The possibility of exacerbation or activation of systemic lupus 
erythematosus has been reported. 


USAGE IN PREGNANCY: Usage of thiazides in women of childbearing 
age requires that the potential benefits of the drug be weighed 

against its possible hazards to the fetus. These hazards include fetal 

or neonatal jaundice, thrombocytopenia, and possibly other adverse 
reactions which have occurred in the adult. 


NURSING MOTHERS: Thiazides cross the placental barrier and 
appear in cord blood and breast milk. 


PRECAUTIONS: Periodic determination of serum electrolytes to 
detect possible electrolyte imbalance should be performed at 
appropriate intervals. 

All patients receiving thiazide heer id should be observed for 
clinical signs of fluid or electrolyte imbalance; namely, hyponatremia, 
hypochloremic alkalosis, and hypokalemia. Serum and urine electrolyte 
determinations are particularly important when the patient is vomiting 
excessively or receiving parenteral fluids. Medication such as digitalis 
may also influence serum electrolytes. Warning signs, irrespective of 
cause, are: Dryness of mouth, thirst, weakness, lethargy, drowsiness, 
restlessness, muscle pains or cramps, muscular fatigue, hypotension, 
oliguria, tachycardia, and gastrointestinal disturbances such as 
nausea and vomiting. 

Hypokalemia may develop with thiazides as with any other potent 
diuretic, especially with brisk diuresis, when severe cirrhosis is present, 
or during concomitant use of corticosteroids or ACTH. 

Interference with adequate oral electrolyte intake will also contribute 
to hypokalemia. Digitalis therapy may exaggerate metabolic effects 
of hypokalemia especially with reference to myocardial activity. 

Any chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circumstances (as in 
liver disease or renal disease). Dilutional hyponatremia may occur in 
edematous patients in hot weather; appropriate therapy is water 
restriction, rather than administration of salt except in rare instances 
when the hyponatremia is life threatening. 

vi actual salt depletion, appropriate replacement is the therapy 
of choice. 

Hyperuricemia may occur or frank gout may be precipitated in 
certain patients receiving thiazide therapy. 

Insulin requirements in diabetic patients may be increased, 
decreased, or unchanged. Latent diabetes mellítus may become 
manifest during thiazide administration. 

Thiazide drugs may increase the responsiveness to tubocurarine. 

The antihypertensive effects of the drug may be enhanced in the 
postsympathectomy patient. 

Thiazides may decrease arterial responsiveness to norepinephrine. 
This diminution is not sufficient to preclude effectiveness of the 
pressor agent for therapeutic use. 

If progressive renal impairment becomes evident as indicated by a 
rising nonprotein nitrogen or blood urea nitrogen, a careful 
nee of therapy is necessary with consideration given to 
withholding or discontinuing diuretic therapy. 

a TR may decrease serum PBI levels without signs of thyroid 
isturbance. 


ADVERSE REACTIONS: Gastrointestinal system reactions: Anorexia, 
gastric irritation, nausea, vomiting, cramping, diarrhea, constipation, 
Jaundice (intrahepatic cholestatic jaundice), pancreatitis. 

Central nervous sytem reactions: Dizziness, vertigo, paresthesias, 
headache, xanthopsia. 

Hematologic reactions: Leukopenia, agranulocytosis, thrombocytopenia, 
aplastic anemia. 

Dermatologic— hypersensitivity reactions: Purpura, photosensitivity, 
rash, urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculitis). 

Cardiovascular reaction: Orthostatic hypotension may occur and may 
be aggravated by alcohol, barbiturates, or narcotics. 

Other: Hvperglycemia, glycosuria, hyperuricemia, muscle spasm, 
weakness, restlessness. 

Whenever adverse reactions are moderate or severe, thiazide 
dosage should be reduced or therapy withdrawn. 


For more detailed information, consult your Abbott representative, 

or write: 

Abbott Laboratories, Dept. 321 

North Chicago, IL60064 309462 


ABBOTT 








“The less often a patient has to take medication, 
the more likely he is to be faithful to your regime? 


Freis, Edward D., Hypertension 1973, Patient Care, April 15, 1973. 


Enduron helps your patient remain faithful to your regimen because it couldn't be 
simpler. Once in the morning provides 24-hour pharmacological action . . . 
around the clock management of his hypertension. 


A long-acting, potent diuretic . . . once a day 


* 5 mg. | A 4€ 
methyclothiazide tablets, N.F. 


See opposite page for Brief Summary 309462 


Ready This Fall 


THE AMERICAN JOURNAL OF CARDIOLOGY 
5 YEAR CUMULATIVE INDEX* 


Covers all material published in THE AMERICAN JOURNAL OF CARDIOLOGY from 
January 1968 through December 1972. 


e CLINICAL STUDIES 
e EXPERIMENTAL STUDIES 
e SYMPOSIA 
e REPORTS ON THERAPY 
e REVIEWS 
e SEMINARS 
e CASE REPORTS 
e DIAGNOSTIC SHELF 
e HISTORICAL MILESTONES 


Includes Author Index—and— Subject Index 


All subjects are cross indexed for quick and easy reference 


*There is a limited supply of the 10 Year Cumulative Index available—January 1958 through 
December 1967. —Price $10.00. While supply lasts order both for only $15.00. 


Please use order form below. 


———————————— — opao — — — — ammo — — — — —À — SS P — S Ua a Ha mS eS SD e — es M a n e 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P. O. Box 1172, Radio City Station, New York, N. Y. 10019 


Send me THE AMERICAN JOURNAL OF CARDIOLOGY Cumulative index or indexes 
as checked below. 


Enclosed is my check for $10 [ ] for 10 YEAR CUMULATIVE INDEX 1958-1947 
Enclosed is my check for $15 [_] for both the 5 and 10 YEAR CUMULATIVE INDEXES 


Name 





Address 


E Yo Ce CL SM Rhe Vota CERE ate Zip. 


Please add appropriate sales tax if in New York Stcte and New York City 
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| Enclosed is my check for $8 | ] for 5 YEAR CUMULATIVE INDEX 1958-1972 
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The Third 
Step in 
Angina: 


After the classic 
“2-Step” Test aids 
in a diagnosis of 
angina, sustained- 
release Nitro-Bid* 
(nitroglycerin) is a 
logical third step. 
Here's why. 

In angina secondary to 


arteriosclerotic heart 
disease, sustained-release 


other patient benefit product from 


Nitro-Bid" (nitroglycerin) 
therapy assists in the 
"total management" 

of your patient. 


Nitro-Bid capsules reduce 
sublingual nitroglycerin 
requirements as they reduce 
the number of angina 
attacks ... increase exercise 
tolerance. 






Sustained-release 
Nitro-Bid Plateau CAPS” 
provide a 

metered sequence of 
medication during the 
night to protect against 
nocturnal angina attack. 


In titrating dosage, 
availability of 
different strengths 
“|. iS quite an 
asset..." 


Nitro-Bid 2.5 and 

Nitro-Bid 6.5 capsules 
afford two dosage 
strengths for convenience 
in increasing or decreasing 
dose to accommodate 
patient symptoms. 
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NITRO-BID 2.5 


(nitroglycerin 2.5 mg) 
Plateau CAPS* 


NITRO-BID 6.5 


(nitroglycerin 6.5 mg) 
Plateau CAPS* 


INDICATIONS 


Based on a review of this drug by 
the National Academy of Sciences— 
National Research Council and/or 
other information, FDA has classified 
the indications as follows: 

* "Possibly" effective: 

For the management, prophylaxis 
or treatment of anginal attacks. 

Final classification of the less-than- 


effective indications requires further 
investigation. 


Contraindications: Recent myocardial 
infarction, severe anemia, glaucoma, 
increased intracranial pressure, 
idiosyncrasy. 

Precautions: For ORAL, not sublingual, 
use. If blurring of vision or dryness of 
mouth occurs, discontinue drug. 
Tolerance may develop on long-term 
usage. 

Adverse Reactions: Occasional tran- 
sient headaches. Overdose may cause 
flushing, headaches, tachycardia, 
dizziness. 

Dosage: One capsule two or three 
times daily at 8 to 12 hour intervals. 
Reference: 1. Master, AM: The 
management of angina pectoris. Modern 
Medicine 38:92-100 (Feb 23) 1970. 
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The hat rack syndrome: 





Some companies make medical 
instruments — and pocket cal- 
culators, light bulbs, computers, 
hair dryers, x-ray systems, 
washing machines, you name it. 
B-D Electrodyne makes 
medical instruments. Period. 
Does our specialization 
seem odd, in this Day of The 
Multi-Line Manufacturer? 
Maybe so. But it's also how 
we came to pioneer the 


The cure: 





patient monitoring system. 

And it's quite basic, when 
you think about it. 

All our R&D, all our produc- 
tion, all our testing, all our 
service facilities are single- 
mindedly devoted to medical 
instrumentation. 

In addition, we're backed by 
a parent company — Becton, 
Dickinson — the #1 in hospital 
equipment for more 


than 75 years. So our patient 
monitoring systems, for exam- 
ple, are bound to be pretty 
darned good. 

B-D Electrodyne. Sure, we 
wear only one hat. But it's the 
top hat. We'll be delighted to 
tell you all about it. B-D 
ELECTRODYNE, Division of 
Becton, Dickinson and Com- 
pany, Sharon, Mass. 02067. 
Phone: (617) 828-9080. 


ELECTRODYNE 


Division of Becton, Dickinson and Company 


B-D AND ELECTRODYNE ARE TRADEMARKS OF BECTON, DICKINSON AND COMPANY. 


for clinical 
applications 


e Designed for clinical O.R. 
or cath lab use 


€ Easily applied handle- 
type probe 


€ Patient safety assured 
through isolation circuitry 


€ Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 


for 
clinical 
applications 


€ Convenient, handle-ty pe 
probe with positive 
capture slide 


€ Designed for O.R. and 
cath lab use 


9 For rapid analysis of 
flow through exposed 
blood vessels 


€ Use with Biotronex 
clinical blood flowmeter 


FLOVV 
PROBES 


bypass ‘ft 
applications 


9 Use with heart-lung 
machine, artificial kidney 
or similar systems 


€ Iron core construction 
provides high sensitivity 
and accuracy 

@ Operates with BLI 
research and clinical 
blood flowmeters 


€ Available in sizes to fit 
most tubing 








Biotronex Laboratory, PEAS... 3153 Brookville Rosd Silver Spring, Maryland 20910 Phone: 301/588-6400 


The Gould 
Scopette Cardioscope. 
The workhorse of 


thousands of hospitals. 


In hospitals all over the world, the Gould Scopette 
has proven its dependability for OR, ER, ICU, and 
CCU monitoring. 

It comes with built-in ECG and pulse preampli- 
fiers, bright traces for maximum visibility, simpli- 
fied controls for easy operation, and a lot more. 


Write Gould Inc., Instrument Systems Division, 
3631 Perkins Avenue, Cleveland, Ohio 44114. Or 
Kouterveldstraat Z/N, B 1920 Diegem, Belgium. 
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Our portable 
defibrillator is a whole 
lot more than portable. 


What sets our PDS-25 apart from other portables 
are its built-in features. 


Like a cardioscope to show clear ECG wave- 
forms. A built-in synchronizer for cardioversion. 
Fail-safe devices including an automatic test 
circuit. Nickel-cadmium batteries that deliver up 
to 60 shocks from just one charge. 


Write Gould Inc., Instrument Systems Division, 
3631 Perkins Avenue, Cleveland, Ohio 44114. Or 
Kouterveldstraaamllf/N, B 1920 Diegem, Belgium. 
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HURST: 


The Heart 


THIRD EDITION 


Breakthroughs in research should rapidly 
become the therapeutic resources of those 
tending the sick. To make this goal more of a 
reality, the editors of the new Third Edition 
have made a massive effort to translate the 
results of recent investigation into the 
improvement of patient care. 

The Third Edition introduces the 
problem-solving approach. It thoroughly 
integrates physiology, pathology, history, and 
physical and laboratory examinations with 
medical and surgical treatment of the patient. 

Every chapter is updated, many are 
considerably changed. You will find particu- 
larly interesting the new chapters covering 
Non-Invasive Graphic Methods, Surgical 
Treatment of Coronary Atherosclerotic 
Diseases, and Errors Made in the Recogni- 
tion and Treatment of Heart Disease. 
Numbering among its contributors many 


between research findings and patient care. 


“Mira 


internationally known specialists, the Third 
Edition presents you with a classic treatise 
that is more meaningful and useful than ever. 


THE EDITORS: 

J. Willis Hurst, M.D.,Professor and Chairman, Department 
of Medicine, Emory University School of Medicine 

R. Bruce Logue, M.D.,Professor of Medicine, Emory 
University School of Medicine 

Robert C. Schlant, M.D., Professor of Medicine, Emory 
University School of Medicine 

Nanette K. Wenger, M.D.,Professor of Medicine, Emory 
University School of Medicine 


McGRAW-HILL BOOK COMPANY W I, 
ATT: PETER KARSTEN, COLLEGE DIV., 27 c Li 

DEPT. AMIC-1 Hi g 
1221 AVENUE OF THE AMERICAS " 


NEW YORK, N.Y. 10020 

THE HEART, THIRD EDITION (031471-3) $39.50 (tent.) 

Within 10 days of receipt of book I will remit full price of book 
plus local sales tax and handling. McGraw-Hill pays postage and 
handling if I remit in full with this coupon. I will return book 
postpaid, if not satisfied. 





NAME 





ADDRESS 





CITY ar STAEB OO S. ZIP 


Prices subject to change without notice. Offer good in Continental 
USA only. TO/7010962 
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RIOPAN 


ANTACID SUSPENSION 


Lowest 
sodium 
content 
of the 8 
leading 
antacids” 


Pleasant, fresh 
mint-like taste 


Consistently 
effective 


RIOPAN 


Brand of 


magaldrate 


Also available in 
Chew and Swallow Tablets 


| Ayerst. AYERST LABORATORIES 
| |) New York, N.Y. 10017 
*Adapted from Penna, R. P.: Antacids, in Hand- 


book of Non-Prescription Drugs, Washington, 
D.C., American Pharm. Assn., 1971 Edition, p. 7. 
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WHEN SECONDS COUNT... 
... AND SECOND 
ISN’T GOOD ENOUGH 


For emergency applications or where a com- 
pletely portable, battery operated, easy to 
use ECG can make a difference; it’s the new 


MDI- 1000 from MED DATA. 


When seconds count, you can rely on its 
instant-on operating capability, fast loading 
drop in paper supply, and a stylus that’s 
positioned automatically. 


Safety features include off line operation 
with the self contained battery. Safety... 
performance . . . and accurate dependability. 
The MDI- 1000 from MED DATA. 


2715 Marshall Ct. 
Madison, Wi. 53705 
Phone 608/231-3481 





MED DATA INC. 
2715 Marshall Ct. (Doctors Park) 


Madison, Wi. 53705— Phone 608/231-3481 
NAME 


ADDRESS 





Cm STATE ZIP 
PHONE 


COMMENTS 


1000-AJ 








NOW YOU CAN PARTICIPATE 
IN A MONTHLY MULTIMEDIA PROGRAM 
EXCLUSIVE TO THE FIELD OF CARDIOLOGY 














STA OO E 


AMERICAN COLLEGE OF 
CARDIOLOGY: EXTENDED LEARNING 





This multimedia (tapes, slides, printed booklet) audio tape program 
includes 60 minutes of clinically oriented information on the art of 
diagnosis and treatment of cardiovascular disease to its subscribers 

each month. The audio cassette tapes include recorded panel discussions 
interviews with noted authorities and self-assessment quizzes. In 
addition, 35 mm slides and a monthly personal continuing education 
notebook are supplied as a part of this professional service. 





Join the more than 4,700 subscribers who are listening each month. 
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Voice for ACCEL™ — E. Grey Dimond, M.D. 


Side 1 


Physician Self-Assessment—A Case of Rheumatic Fever 
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Scanning the Literature 
E. Grey Dimond, M.D. 


The Oldest Living Pacemaker Patient in North America? 
E. Grey Dimond, M.D. 


Side 2 


Panel Discuss on—When To Use a Pacemaker? The Use 
of Digitalis in Corpulmonale? Surgery for Wolff- 
Parkinson-White Syndrome 
J. A. Abildskov, M.D., William Likoff, M.D., Richard 
C. Powell, M.D., Joseph C. Ross, M.D., Philip Samet, 
M.D. and Borys Surawicz, M.D. 
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Todays best reason 
to consider our 
monitoring systems: 


tomorrows needs. 


When it comes to monitoring 
equipment decisions, perhaps 
its not enough to learn that 
General Electric has been 
around for some time. More 
important than stability is the 
assurance that GE will 
continue as the innovator in 
monitoring systems, and make 
these concepts readily 
available to present users. 


The specifics: 


Today, GE offers a broad 
spectrum of monitoring 
configurations to serve in 
ICU/CCU, and surgery. 


In addition, a mobile system 
can be wheeled to any care 


area to alleviate patient loads 
in outpatient or emergency 
units. And GE Telemetry can 
monitor and transmit ECG 
data from ambulatory patients 
— enabling you to evaluate 
heart activity during the still- 
crucial period prior to patient 
release. 


Tomorrow, General Electric's 
new Patient Data System, a 
third generation monitoring 
concept, will put more kinds 
of patient data at your 
fingertips. Computer 
integration can provide the 
recall of patient parameters 
from the previous 1, 4, 8 or 
24 hours; the generation 

of complex derived 
parameters relating to the 
cardiovascular and respiratory 
system; and more 
sophisticated alarm schemes 


to indicate proper 
intervention based on data 
you ve programmed-in. 


Yet PDS can provide derived 
patient information without a 
computer. Bedside and nurse 
station cisplays present 
dynamic waveforms, derived 
parameters, alarm limits, 
physiological alarms, trend 
graphs, and multiparameter 
plots of oatient data. 
Computer integration, but not 
dependency. It’s the unique 
reason PDS is designed to 
meet both immediate, basic 
monitoring requirements and 
also extremely sophisticated 
long-term needs. 


Today's 
With the p 
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Acetylcholine 
and nicotine in conscious dog, 947 
and P-T, segment, 799 
Acetylstrophanthidin 
and longitudinal dissociation in Purkinje fibers, 202 
and papillary muscles in congestive heart failure, 427 
Acidosis and myocardial contractility, 456 
Action potential duration in isolated canine bundle of His, 
808 
Adenosine triphosphatase in diseased heart muscle, 407 
Adenosine triphosphate and myocardial contractility, 456 
Adeny! cyclase in cardiac hypertrophy and cardiomyopa- 
thy, 423 
Afterload in idiopathic hypertrophic subaortic stenosis, 
719 
Age and low renin essential hypertension, 637 
Alcohol ingestion and Prinzmetal variant angina, 238 
Aldosterone 
excretion in essential hypertension, 511 
plasma, rapid assay of, 554 
secretion and spironolactone and chlorthalidone in low 
and normal renin essential hypertension, 
523 
Alpha aminitine in cardiac hypertrophy and cardiomyopa- 
thy, 423 
American College of Cardiology News 
Calendar of continuing medical education programs, 
133, 251, 389, 741, 884, 1017 
Heart House founders and benefactors, 255, 391, 743, 
885 
Historian's notebook: the College seal, 1018 
New members elected, 393 
President’s page, 132, 740 
Tribute to the life of John Beauregard Johnson, 253 
Amy! nitrite 
and apex cardiogram in prolapsing mitral valve, 276 
and augmented graft blood flow velocity, 895 
in coronary artery disease, 772 
Amyloidosis and bundle branch block with intact atrio- 
ventricular conduction, 783 
Anatomy 
of viscera and angiographic classification of dextrocar- 
dia, 965 
of Wolff-Parkinson-White syndrome, 32 
Anemia 
acute, and myocardial ischemia, 670 
and cerebrovascular accidents, 329 
microangiopathic hemolytic, in severe hypertension, 
575 
Aneurysm 
chronic fibrous vs. acute muscular, 889 
false, of left ventricle, due to perforation of mitral-aor- 
tic intervalvular fibrosa, 110 
left ventricular, detected by radarkymography, 151 
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Aneurysm 
or diverticulum of left ventricle, 119 
postinfarction and traumatic ventricular, aneurysmec- 
tomy for, 693 
ventricular 
and ventricular tachycardia, surgery for, 909 
in vitro length-tension relations of, 889 
Aneurysmectomy for ventricular and supraventricular 
tachyarrhythmias in patients with postin- 
farction and traumatic ventricular aneu- 
rysms, 693 
Angina pectoris 
and amyl nitrite inhalation in coronary artery disease, 
772 
and coronary blood flow in coronary artery disease, 
686 
and emergency myocardial revascularization for im- 
pending myocardial infarction, 901 
and impaired left ventricular relaxation, 751 
and myocardial function, 461 
and normal coronary arteriogram, 375 
atrial pacing in, 257 
caused by nonspecific arteritis, 356 
natural history of, and aortocoronary artery saphenous 
vein bypass surgery, 1010 
preinfarction 
morbidity and mortality in, 745 
treatment of, 382 
Prinzmetal's variant, alcohol-induced, 238 
unstable, morbidity and mortality in, 745 
Angiogram 
and differential diagnosis of double outlet right ventri- 
cle, 850 
and intraventricular conduction disturbances in coro- 
nary artery disease, 758 
and mitral valve replacement for mitral regurgitation 
due to papillary muscle dysfunction, 313 
and video system in study of ventricular function, 
175 
correlated with measurement of left anterior descend- 
ing coronary arterial blood flow, 679 
in dextrocardia, 965 
in diverticulum or aneurysm of left ventricle, 119 
in unstable angina pectoris, 745 
in valve obstruction caused by right ventricular myxo- 
ma, 101 
pulmonary, in acute pulmonary embolism, 271 
(see also Lymphangiogram) 
Angiography 
and Teflon-coated guide wires, 943 
contrast medium for, and stress testing in coronary ar- 
tery disease, 21 
radionuclide, video instrumentation for, 167 
renal, in renovascular hypertension, 562 
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Angiotensin in severe hypertension, 575 
Antiarrhythmic agents 
after myocardial infarction, 937 
and ventricular fibrillation threshold, 814 
for idiopathic hypertrophic subaortic stenosis, 719 
(see also specific type) 
Anticoagulant agents for congestive cardiomyopathy, 341 
Aorta in transposition of great vessels, 840, 874 
Aortic homograft calcification after Rastelli procedure for 
transposition of great arteries, 860 
Aortic insufficiency in subpulmonic ventricular septal de- 
fect, 325 
Aortic stenosis, measurement of transvalvular gradient in, 
731 
Aortic valve 
closure, roentgen videodensitometric studies of, 136 
congenital biscuspid, and false aneurysm of left ventri- 
cle, 110 
cusp, herniated, and aortic insufficiency with subpul- 
monic ventricular septal defect, 325 
in d-transposition of great vessels, 74 
Aortitis syndrome and nonspecific arteritis, 356 
Apex cardiogram 
and first heart sound, 283 
and left ventricular function in essential hypertension, 
264 
in atrial myxoma, 356 
in cardiomyopathy, 341 
in prolapsing mitral valve, 276 
left, and changes in myocardial contractility, 662 
Arrhythmias 
and digitalis antibodies, 491 
aneurysmectomy for, in patients with postinfarction 
and traumatic ventricular aneurysms, 693 
atrial, dissimilar, 618 
in bradycardia-tachycardia syndrome, 209 
permanent pacing for, 215 
sudden death from, in atherosclerotic swine, 62 
transesophageal atrial pacing for, 85 
ventricular 
and augmented graft blood flow velocity, 895 
exercise-induced, abolished by aortocoronary saphe- 
nous vein bypass surgery, 995 
(see also specific type) 
Arteriogram, coronary 
in unstable angina pectoris, 745 
selective, and nonspecific arteritis, 356 
Arterioles, dilation of, in congestive heart failure, 481 
Arteritis, nonspecific, and coronary arterial stenosis with 
angina pectoris, 356 
Atherosclerosis 
and sudden death from cardiac arrhythmia in swine, 
62 
pharmacologic interventions in, 930 
Atrial contraction and systolic time intervals, 287 
Atrial fibrillation 
and tricuspid insufficiency, ultrasound in diagnosis of, 
868 
with dissimilar atrial rhythm, 618 
Atrial flutter, converted by rapid atrial pacing, 700, 737 
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Atrial function and videodensitometric studies of valve 
closure, 136 
Atrial refractory period, prolonged, and dissimilar atrial 
rhythms, 618 
Atrial repolarization, neurogenic influence on, 799 
Atrial septal defect 
secundum, spontaneous closure in, 978 
videoscintiscope in study of, 167 
Atrioventricular block and isoproterenol infusion, 629 
Atrioventricular node and bundle branch block, 783 
Atrium, right, enlarged in traumatic tricuspid insufficien- 
cy, 723 
Atro-Pen injector for atropine in coronary care unit, 988 
Atropine i 
and bradycardia in prehospital phase of acute myocar- 
dial infarction, 607 
and cardiovascular effects of nicotine in conscious 


dog, 947 

and dysrhythmias induced by autonomic nerve stimula- 
tion, 823 

automatic administration of, in coronary care unit, 
988 


Audiovisual techniques in medical education, 335 

Auscultation, electronic techniques for teaching, 335 

Autonomic nerve stimulation, dysrhythmias induced by, 
823 


Beer ingestion, and Prinzmetal’s variant angina, 238 
Benzothiadiazine for severe hypertension, 575 
Beta adrenergic blockade 
for cardiomyopathy, 341 
for severe hypertension, 575 
Beta-hydroxybutyrate /acetoacetate ratios in myocardial 
ischemia, 295 
Biochemistry, abnormal, in myocardial failure, 407 
Biotransformation after massive ingestion of procainam- 
ide, 727 
Blood 
flow 
coronary 
and amyl nitrite inhalation, 772 
and myocardial transit times, 831 
and nitroglycerin in coronary artery disease, 243 
collateral, and hemodilution, 670 
effect of heart rate on, 306 
in coronary artery disease, 686 
left anterior descending artery, measurement in, 
679 
videodensitometric study of, 144 
limb, in congestive heart failure, 481 
myocardial, measurement of, 679 
velocity 
in aortocoronary artery bypass graft, 895 
videodensitometric studies of, 144 
pressure 
and Kussmaul's paradoxical pulse, 91 
diastolic, in low renin essential hypertension, 637 
gradient, left ventricular-aortic, 719 
in acute pulmonary embolism, 271 
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Blood 
pressure 
in prehospital phase of acute myocardial infarction, 
607 
measurement devices, 548 
(see also Hypertension, Hypotension, Symposium 
on High Blood Pressure) 
volume 
in diabetes and hypertension, 592 
left ventricular end-diastolic, 719 
Book Reviews 
Advances in Electrocardiography (Schlant, Hurst), 739 
Diagnosis of Peripheral Vascular Disease (Kappert, 
Winsor), 248 
Essentials of Cardiac Arrhythmias: Diagnosis and Man- 
agement (Bellet), 388 
Exercise and the Heart: Guidelines for Exercise Pro- 
grams (Morse, ed), 388 


Rheumatic Fever, second edition, vol II (Markowitz, 
Gordis), 248 

The Sino-atrial Pacemaker of the Heart (Brooks, Lu), 
248 


Treatment of Heart Disease in the Adult, second edi- 
tion (Rubin, Gross, Arbeit), 387 
Vascular Surgery, vol |: Peripheral Arterial Diseases 
(Cranley), 387 
Vectorcardiography in Congenital Heart Disease (Elli- 
son RC, Restieaux NJ), 131 
Bradycardia 
and nicotine in conscious dog, 947 
automatic atropine injection for, 988 
in prehospital phase of acute myocardial infarction, 
607 
sinus, permanent pacing for, 215 
Bradycardia-tachycardia syndrome, pacemaker therapy 


in, 209 

Brady-tachyarrhythmia syndrome, permanent pacing for, 
215 

Bretylium tosylate for chemical ventricular defibrillation, 
982 

Bundle branch 


block 
and ventricular premature systoles, 188 
familial congenital, 365 
in coronary artery disease, 758 
left 
and abnormal left axis deviation, 98 
and familial congenital bundle branch system dis- 
ease, 365 
septal focal, 196 
right, after myocardial infarction, 913 
with intact atrioventricular conduction, 783 
disease, bilateral, electrophysiologic and pathologic 
correlations, 783 
right, and familial congenital bundle branch system 
disease, 365 


Caffeine and prevention of arrhythmia, 766 
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Calcification of homograft after Rastelli procedure for 
transposition of great arteries, 860 
Calcium 
intracellular, in heart muscle, 407 
ion and myocardial contractility, 456 
uptake and mitochondrial function in cardiac ischemia, 
46 
Carcinoid heart disease, 229 
Cardiac catheterization 
and Teflon-coated guide wires, 943 
and videodensitometric studies of blood flow, 144 
percutaneous transfemoral right heart, 246 
Cardiac index and ventricular function in essential hyper- 
tension, 264 
Cardiac output 
and epicardial ventricular pacing, 291 
and systolic time intervals, 287 
increased, and propranolol in essential hypertension, 
499 
Cardiac relaxing system in cardiac ischemia, 46 
Cardiac stimulating agents in congestive heart failure, 
491 
Cardiac tamponade 
and false aneurysm of left ventricle after subacute 
bacterial endocarditis, 110 
in uremic pericarditis, 846 
Cardiomyopathy 
and first heart sound, 283 
congestive, treatment of, 341 
hypertrophic obstructive 
surgery for, 377 
treatment of, 341 
in spectrum of generalized myopathic disorders, 385 
obliterative, treatment of, 341 
radarkymography in, 151 
RNA polymerase in, 423 
Cardiopulmonary bypass 
dopamine for cardiogenic shock after, 79 
facilities for, 224 
Cardiotoxicity after massive ingestion of procainamide, 
727 
Cardioversion 
by transesophageal atrial pacing, 85 
in hypertrophic cardiomyopathy, 341 
Carotid pulse tracing and left ventricular function in es- 
sential hypertension, 264 
Catecholamines 
and isoproterenol infusion, 629 
in cardiac hypertrophy, 423 
in congestive heart failure, 491 
in myocardial infarction, 919 
Catheter 
balloon-tipped, and pulmonary hemorrhage, 865 
Doppler flowmeter, to measure aortocoronary artery 
bypass graft blood flow velocity, 895 
flow-directed, complication with use of, 125 
Cerebrovascular accidents in infants and children with 
cyanotic congenital heart disease, 329 
Chest pain 
after automatic atropine injection, 988 
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Chest pain 
and angiographic contrast medium as stress test, 21 
Chlorthalidone and volume factor in low and normal renin 
essential hypertension, 523 
Chordae tendineae, ruptured, in tricuspid insufficiency, 
723 
C/D translocation and 
mucopolysaccharidosis, 105 
Chylopericardium, isolated, lymphangiographic findings 
in, 352 


Chromosomal polyvalvular 


Circulation 
assisted, in cardiogenic shock, 656 
peripheral, in congestive heart failure, 481 
Clonidine in severe hypertension, 575 
Compensation in congestive heart failure, 437 
Compliance 
functional, nature of, 449 
left ventricular diastolic, during pacing-induced isch- 


emia, 751 
Computer 
and video scanner system for analysis of echocardio- 
gram, 961 


and video system in study of ventricular function, 175 
Conduction 
and familial congenital bundle branch system disease, 
365 
antegrade, and intraventricular conduction time in pa- 
tients with-heart block, 27 
atrioventricular 
and bundle branch block, 783 
and isoproterenol infusion, 629 
and ventricular premature contractions, 794 
concealed, and ventricular premature contractions, 
794 
defect, in myocardial infarction, 196, 913 
depressed, in isolated canine bundle of His, 808 
disturbance 
in traumatic tricuspid insufficiency, 723 
intraventricular 
and coronary artery disease, 758 
and ventricular premature systoles, 188 
site of, in a family with myotonic dystrophy, 114 
forward, antegrade vs. anterograde, 1014 
inhomogeneous, in Purkinje fibers, 202 
intraventricular 
and isoproterenol infusion, 629 
and left bundle branch block with abnormal left axis 
deviation; 98 
retrograde ventriculoatrial, in complete heart block, 
«12r 
system, structure of, 877 
time, intraventricular, during antegrade conduction in 
patients with heart block, 27 
Wolff-Parkinson White, electrocardiogram in, 32 
Congenital heart disease 
bicuspid aortic valve and false aneurysm of left ventri- 
cle after subacute bacterial endocarditis, 
110 
cyanotic 
and single ventricle and pulmonary stenosis, 855 
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Congenital heart disease 
cyanotic 
cerebrovascular accidents in, 329 
Ebstein's malformation of tricuspid valve with atresia, 
1004 
polyvalvular mucopolysaccharidosis of the heart and 
C/D chromosomal translocation, 105 
(see also Familial disease, Pediatric cardiology, Trans- 
position of great arteries) 
Congestive heart failure 
compensatory mechanisms in, 437 
due to pressure overload, myocardial oxygen con- 
sumption in, 427 
in cardiomyopathy, treatment of, 341 
intracellular calcium in, 407 
peripheral circulatory control mechanisms in, 481 
structural conditions in, 398 
sympathetic neurotransmitter activity in, 472 
(see also Symposium on Congestive Heart Failure) 
Congress of Cardiology, Sixth, address to, 734 
Contractility 
and idiopathic hypertrophic subaortic stenosis, 719 
and myocardial oxygen consumption in hypertrophy 
due to pressure overload, 427 
assessed by radarkymography, 156 
in congestive heart failure, 437 
in essential hypertension, 264 
myocardial 
and apex cardiogram, 662 
and procainamide and lidocaine after myocardial in- 
farction, 937 
effects of ischemia on, 456 
video system in study of, 175 
Contrast medium injected with use of flow-directed cath- 
eter, 125 
Coronary arteriogram 
in impending myocardial infarction, 901 
in Prinzmetal's variant angina, 238 
normal 
and angina pectoris, atrial pacing in patients with, 
257 
and anginal syndrome, 375 
and myocardial infarction, 125, 126 
and platelet abnormalities, 612 
Coronary artery 
blood flow 
(see Blood flow, coronary) 
collateral vessels 
and myocardial ischemia, 461 
blood flow, and hemodilution, 670 
disease 
amyl nitrite inhalation in, 772 
and alcohol-induced Prinzmetal's variant angina, 238 
and angina pectoris, atrial pacing in, 257 
and coronary blood flow distribution, 306 
and exercise-induced ventricular arrhythmias abol- 
ished by aortocoronary saphenous vein by- 
pass surgery, 995 
and hemodilution in open heart surgery, 670 
and intraventricular conduction disturbances, 758 
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Coronary artery 
disease 
and myocardial function, 461 
and papillary muscle dysfunction causing mitral re- 
gurgitation, 313 
and ventricular tachycardia, surgery for, 909 
aortocoronary artery saphenous vein bypass surgery 
for, 1010 
left anterior descending, and intraventricular con- 
duction disturbances, 758 
myocardial transit times in, 831 
nitroglycerin and coronary blood flow in, 243 
radarkymography in, 151 
sequenced counterpulsation in, 656 
stress testing in, with angiographic contrast medium, 
21 
occlusion, and myocardial contractility, 456 
stenosis, caused by nonspecific arteritis, 356 
thrombus, in situ lysis of, 245 
Coronary care unit 
automatic atropine injector in, 988 
mobile, and prehospital phase of acute myocardial in- 
farction, 607 
Coronary sinus 
lactate measurements in, and myocardial ischemia, 
295 
POs, and amyl nitrite inhalation in coronary artery dis- 
ease, 772 
Corticosteroids in congestive cardiomyopathy, 341 
Counterpulsation, sequenced external, in cardiogenic 
shock, 656 
Criteria for quality care of hypertensive patients, 533 


Death, sudden 
and prehospital phase of acute myocardial infarction, 
607 
from ventricular fibrillation or asystole in atherosclerot- 
ic swine, 62 
Dextrocardia, angiographic classification of, 965 
Diabetes and hypertension, 592 
Dialysis 
for uremic pericarditis, 846 
peritoneal, after massive ingestion of procainamide, 
727 
Diazoxide in management of severe hypertension, 575 
Diet 
atherogenic, and sudden death from cardiac arrhyth- 
mia in swine, 62 
in treatment of arrhythmia, 766 
Digitalis 
and cardioversion of tachycardias by transesophageal 
atrial pacing, 85 
and longitudinal dissociation in Purkinje fibers, 202 
in congestive heart failure, 491 
toxicity 
and conversion of tachycardia by rapid atrial pacing, 
700 
and serum levels of digitalis, 491 
Digitoxin in congestive heart failure, 491 
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Digoxin in congestive heart failure, 491 
Diuretic agents 
and volume factor in low and normal renin essential 
hypertension, 523 
in primary hypertension, 499 
in toxemia of pregnancy, 582 
Diverticulum of left ventricle, 119 
Dopamine 
for cardiogenic shock, 79 
for congestive heart failure, 491 
Doppler flowmeter probe in diagnosis of tricuspid insuffi- 
ciency, 868 
dP/dt, left ventricular, and calibrated left apex cardio- 
gram, 662 
Drug addiction and pseudomonas endocarditis, 234 
Drug addicts, infective endocarditis in, 924 
Drug therapy in hypertension, 533 
Dysrhythmias induced by autonomic nerve stimulation, 
823 
Dystrophy, myotonic, site of conduction disturbances in a 
family with, 114 


Ebstein’s malformation of tricuspid valve with atresia, 
1004 
Echocardiogram 
and mitral valve closure and first heart sound, 772 
in atrial myxoma, 356 
in d-transposition of great vessels, 74 
in prolapsing mitral valve, 276 
in right-sided Austin Flint murmur, 370 
semiautomatic analysis of, 961 
Education, electronic techniques in, 335 
Eisenmenger syndrome and right-sided Austin Flint mur- 
mur, 370 
Electrical shock 
and bretylium tosylate for ventricular fibrillation, 982 
vs. rapid atrial pacing in conversion of atrial flutter and 
tachycardia, 700 
Electrocardiogram 
after two-step exercise test, 766 
and function of hypoxic myocardium, 461 
and sudden death from cardiac arrhythmia in swine, 62 
and unrecognized myocardial infarction, 1 
during sleep in ischemic heart disease, 17 
in familial congenital bundle branch system disease, 
365 
in left bundle branch block and abnormal left axis de- 
viation, 98 
in rheumatic heart disease, 93 
in septal focal block, 196 
in Wolff-Parkinson-White syndrome, 32 
ischemic pattern in, and angina pectoris with normal 
coronary arteriogram, 257 
P-Ty segment in, 799 
Electrogram, His bundle 
and effects of ventricular premature contractions on 
atrioventricular conduction, 794 
and intraventricular conduction time in heart block, 27 
and isoproterenol infusion in heart disease, 629 
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Electrogram, His bundle 
in bundle branch block 
after myocardial infarction, 913 
with intact atrioventricular conduction, 783 
in children, 126 
in myotonic dystrophy, 114 
Electronic techniques in cardiovascular education, 335 
Electrophysiology 
of bundle branch block with intact atrioventricular con- 
duction, 783 
of Wolff-Parkinson-White syndrome, 32 
Electrotonus in isolated canine bundle of His, 808 
Endocarditis 
infective, in drug addicts and nonusers, 924 
pseudomonas, 234 
subacute bacterial, and false aneurysm of left ventri- 
cle, 110 
Endocardium and coronary blood flow distribution during 
tachycardia, 306 
Enzymes, serum, in acute myocardial infarction, 461 
Excitation, ventricular, and intraventricular conduction 
disturbances, 188 


Exercise 
in congestive heart failure, 472, 481 
testing 
and coronary blood flow in coronary artery disease, 


686 

arrhythmias after, 766 

handgrip, in coronary artery disease, 21 

in Prinzmetal's variant angina, 238 

treadmill, and nonspecific arteritis, 356 

vs. angiographic. contrast medium in coronary artery 
disease, 21 

Extrasystoles and intraventricular conduction distur- 

bances, 188 


Familial disease 
atrial myxoma, 356 
congenital bundle branch block, 365 
myotonic dystrophy, site of conduction disturbances in 
a family with, 114 
Fatty acid oxidation in cardiac ischemia, 46 
Fiber orientation in hypertrophied and failing heart, 398 
Fibrillation threshold in atherosclerotic swine, 62 
Fibromuscular dysplasia and renovascular hypertension, 
562 
Fibrosis 
myocardial, and rheumatic heart disease, 93 
of papillary muscle, causing mitral regurgitation, 313 
Fiedler on acute interstitial myocarditis, 221, 716 
Framingham study of myocardial infarction, silent and 
symptomatic, 1 
Francois-Franck on experimental valvulotomy, 993 
Frank-Starling principle in congestive heart failure, 437 


Gentamicin in pseudomonas endocarditis, 234 
Glomerulosclerosis, diabetic, and hypertension, 592 
Glucagon 

in congestive cardiomyopathy, 341 
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Glucagon 
in congestive heart failure, 491 
Graft, aortocoronary bypass 
blood flow velocity in, 895 
patency in, 1010 
Great vessels 
partial distortion of, in orthoposition, 840, 874 
side by side, 874 
Guanethidine in essential hypertension, 499 
Guide wires, Teflon-coated, and thromboembolism, 943 


Handgrip testing in coronary artery disease, 21 
Heart 
block 
and familial congenital disease of bundle branches, 
365 
and intraventricular conduction time during ante- 
grade conduction, 27 
and isoproterenol, 629 
complete 
and idiopathic hypertrophic subaortic stenosis, 
719 
and systolic time intervals, 287 
retrograde ventriculoatrial conduction in, 127 
fascicular, and ventricular premature systoles, 188 
sinoatrial 
and ventricular premature contractions, 794 
permanent pacing for, 215 
cells, single, quantification of velocity of movement of, 
162 
disease 
congenital (see Congenital heart disease) 
ischemic 
and impaired left ventricular relaxation, 751 
platelet abnormalities in, 612 
ST-T segment during sleep in, 17 
organic, and two-step exercise test, 766 
polyvalvular, and C/D chromosomal translocation, 
105 
rheumatic, sinus rhythm and absent P wave in, 93 
video instrumentation for radionuclide angiocardi- 
ography in, 167 
failure (see Congestive heart failure) 
House 
antidote for spring fever, 127 
founders and benefactors, 255, 391, 743, 885 
rate 
and coronary blood flow 
distribution, 306 
in coronary artery disease, 686 
in acute myocardial infarction, 8 
sound, first 
and mitral valve closure, 772 
relation with apex cardiogram, 283 
tracking, in assessing myocardial contractility, 156 
Hematocrit in cyanotic congenital heart disease, 329 
Hemiblock 
left anterior 
absent, in left bundle branch block and abnormal left 
axis deviation, 98 
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Hemiblock 
left anterior 
after myocardial infarction, 913 
in coronary artery disease, 758 
left posterior, after myocardial infarction, 913 
Hemodilution and myocardial ischemia, 670 
Hemodynamics 
after mitral valve replacement for mitral regurgitation, 
313 
and epicardial ventricular pacing sites, 291 
and intraventricular conduction disturbances in coro- 
nary artery disease, 758 
and ventricular aneurysm after myocardial infarction, 
889 
during pacing stress in patients with angina pectoris 
and normal coronary arteriogram, 257 
during pacing-induced ischemia, 751 
in cardiac ischemia, 46 
in congestive heart failure, 437 
in diverticulum or aneurysm of left ventricle, 119 
in hypertrophy and congestive heart failure due to 
pressure overload, 427 
in idiopathic hypertrophic subaortic stenosis, 719 
in myocardial ischemia, 461 
in primary hypertension, 499 
in secundum atrial septal defect, 978 
in stress testing by angiographic contrast medium in 
coronary artery disease, 21 
in traumatic tricuspid insufficiency, 723 
left ventricular, in anterior and inferior myocardial in- 
farction, 8 
of amyl nitrite in coronary artery disease, 772 
of nicotine in conscious dog, 947 
of norepinephrine in myocardial infarction, 919 
of pharmacologic interventions in myocardial ischemia, 
930 
Hemoglobin in cyanotic congenital heart disease, 329 
Hemoptysis after use of ballcon-tipped catheter, 865 
Hemorrhage, pulmonary, after use of balloon-tipped cath- 
eter, 865 
Heparinization and Teflon-coated guide wires, 943 
His bundle (i 
electrogram (see Electrogram, His bundle) 
isolated canine, reentry within, 808 
Hospital, community, myocardial revascularization in, 240 
Hyaluronidase and function of ischemic heart, 930 
Hydrogen release in myocardial ischemia, 295 
Hypertension 
and diabetes, 592 
and nicotine in conscious dog, 947 
and toxemia of pregnancy, 582 
Committee on, 533 
Detection and Follow-up Program, 548 
duration of, in low renin essential hypertension, 637 
essential 
action of propranolol in, 511 
isometric contraction period in, 264 
left ventricular function in, 264 
low renin, age, diastolic pressure and known dura- 
tion of hypertension in, 637 


Hypertension 
essential 
methyldopa in, 499 
plasma aldosterone-renin interrelationships in, 554 
renin activity and adrenergic stimuli in, 643 
family history of, 562 
incidence of, 562 
low and normal renin, volume factor in, 523 
malignant, antihypertensive action of propranolol in, 
511 
pathophysiology and pharmacotherapy in, 499 
pulmonary 
and acute pulmonary embolism, 271 
and right-sided Austin Flint murmur, 370 
in mitral stenosis, 650 
renal, antihypertensive action of propranolol in, 511 
renovascular 
and differential renal venous renin activity, 707 
antihypertensive action of propranolol in, 511 
mechanisms, natural history and treatment, 562 
severe, management of, 575 
standards for quality care, 533 
(see also Symposium on High Blood Pressure) 
Hypertrophy 
cardiac, RNA polymerase in, 423 
myocardial, due to pressure overload, myocardial oxy- 
gen consumption in, 427 
ventricular, structural conditions in, 398 
Hypoglycemia and renin activity in essential hyperten- 
sion, 643 
Hypotension 
and dopamine for cardiogenic shock, 79 
in prehospital phase of acute myocardial infarction, 
607 
H-V interval during antegrade conduction in patients with 
complete heart block, 27 
Hypoxemia in cyanotic congenital heart disease, 329 
Hypoxia 
and coronary blood flow distribution during tachycar- 
dia, 306 
and myocardial contractility, 456 


Idiopathic hypertrophic subaortic stenosis 
physiology of, 719 
treatment of, 341 
Indicator-dilution curves in coronary artery disease, 831 
Infundibulum, single subaortic, in transposition of great 
vessels. 840, 874 
Intraaortic balloon pumping in cardiogenic shock, 656 
Ischemia 
and myocardial contractility, 456 
biochemical and morphologic correlates of, 46 
isoproterenol in, 930 
lactate /pyruvate ratios in, 295 
myocardial, and ventricular fibrillation threshold. 814 
pacing-induced, left ventricular relaxation during, 
751 
subendocardial, and coronary blood flow distribution, 
306 
(see also Heart disease, ischemic) 
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Isometric contraction period in essential hypertension, 
264 
Isoproterenol 
and atrioventricular and 
629 
and function of ischemic heart, 930 


intraventricular conduction, 


Johnson, John Beauregard, tribute to the life of, 253 


Kidney function in renovascular hypertension, 562 
Kussmaul's paradoxical pulse, 91 
Kussmaul's sign in acute pulmonary embolism, 271 


Lactate /pyruvate ratios in myocardial ischemia, 295 
Lactation, propranolol therapy during, 247 
Length-tension relations of ventricular aneurysms, 889 
Lidocaine 
and dysrhythmias induced by autonomic nerve stimula- 
tion, 823 
and procainamide after myocardial infarction, 937 
and sudden death from cardiac arrhythmia in swine, 62 
and ventricular fibrillation threshold, 814 
in prehospital phase of acute myocardial infarction, 


607 
Lung 
disease, and pulmonary hypertension in mitral steno- 
sis, 650 


Scan, in acute pulmonary embolism, 271 
Lymphangiogram in isolated chylopericardium, 352 


Magnesium sulfate in toxemia of pregnancy, 582 
Master, Arthur M., 1895-1973, 880 
Membrane 
responsiveness and inhomogeneous conduction in 
Purkinje fibers, 202 
systems in cardiac ischemia, 46 
Metabolism 
in congestive heart failure, 481 
in diabetes and hypertension, 592 
myocardial 
and myocardial function, 461 
lactate, and angina pectoris with normal coronary 
arteriogram, 257 
Metaraminol in prehospital phase of acute myocardial in- 
farction, 607 
Methyldopa in essential hypertension, 499 
Microscopy and videoanalysis of movement of heart cells 
in culture, 162 
Microsphere and coronary blood flow distribution, 306 
Minoxidil in severe hypertension, 575 
Mitochondria 
and myocardial oxygen consumption in hypertrophy 
due to pressure overload, 427 
in cardiac ischemia, 46 
in normal and diseased heart muscle, 407 
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Mitral-aortic infervalvular fibrosa and false aneurysm of 
left ventricle after subacute bacterial endo- 
carditis, 110 
Mitral regurgitation due to papillary muscle rupture or fi- 
brosis, 313 
Mitral valve 
annulus, and videodensitometric studies of valve clo- 
sure, 136 
closure 
and first heart sound, 779 
roentgen videodensitometric studies of, 136 
incompetence after myocardial infarction, surgery for, 
322 
leaflets 
and first heart sound, 779 
prolapsing, apex cardiogram in, 276 
prosthesis in hypertrophic obstructive cardiomyopathy, 
377 
replacement 
for mitral valve incompetence after myocardial in- 
farction, 322 
for severe mitral regurgitation due to papillary mus- 
cle rupture or fibrosis, 313 
stenosis 
and first heart sound, 283 
and pulmonary hypertension, 650 
Mobitz type || block and intraventricular conduction time, 
27 
Mucopolysaccharidosis, polyvalvular, of the heart and 
C/D chromosomal translocation, 105 
Murmur, right-sided Austin Flint, 370 
Muscle, cardiac, and myocardial compliance, 449 
Myocardial cell in cardiac ischemia, 46 
Myocardial infarct, size, and cardiogenic shock, 461 
Myocardial infarction 
acute, prehospital phase, bradycardia in, 607 
and bretylium tosylate for ventricular defibrillation, 982 
and chronic ischemia, 46 
and function of hypoxic myocardium, 461 
and intraventricular conduction disturbances, 758 
and normal coronary arteriogram, 125, 126 
and papillary muscle dysfunction causing mitral regur- 
gitation, 313 
and preinfarction angina, 382 
and rate-dependent right precordial Q waves, 196 
aneurysm after, 693 
anterior, left ventricular hemodynamics in, 8 
automatic atropine injection after, 988 
impending, emergency myocardial 
for, 901 
in atherosclerotic swine, 62 
incomplete bilateral bundle branch block after, 913 
inferior, left ventricular hemodynamics in, 8 
norepinephrine in, 919 
pharmacologic interventions in, 930 
platelet abnormalities after, 612 
procainamide and lidocaine after, 937 
radarkymography in, 151 
sequenced external counterpulsation in, 656 
silent, 18 year follow-up, 1 


revascularization 
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Myocardial infarction 
surgery after 
for complications of, 909 
for mitral valve incompetence, 322 
unrecognized, 18 year follow-up, 1 
ventricular aneurysm after, 889 
Myocardial ischemia 
and acute anemia, 670 
and anginal syndrome with normal coronary arterio- 
gram, 375 
and angina pectoris with normal coronary arteriogram, 
257 
and contractility, 461 
and rate-dependent right precordial Q waves, 196 
coronary sinus lactate measurements in, 295 
pharmacologic interventions in, 930 
(see also Heart disease, ischemic, Ischemia) 
Myocardial mechanics in congestive heart failure, 437 
Myocardial oxygen consumption 
and amyl nitrite inhalation in coronary artery disease, 
772 
and nitroglycerin in coronary artery disease, 243 
and pharmacologic interventions in ischemia, 930 
and ST-T segment changes during sleep in ischemic 
heart disease, 17 
in hypertrophy and congestive heart failure due to 
pressure overload, 427 
Myocardial perfusion, regional, and radionuclide angio- 
cardiography, 167 
Myocardial revascularization 
at community hospital level, 240 
emergency 
for impending myocardial infarction, 901 
for preinfarction angina, 382 
(see also Surgery, aortocoronary saphenous vein by- 
pass) 
Myocardial transit times in coronary artery disease, 831 
Myocarditis, acute interstitial, Fiedler on, 221, 716 
Myocardium 
compliance, alterations in, 449 
failing, calcium regulation in, 407 
function 
and nicotine in conscious dog, 947 
during atrial pacing in angina pectoris with normal 
coronary arteriogram, 257 
in hypoxia, 461 
ventricular, structure of, 877 
Myxoma 
familial atrial, 356 
right ventricular, and tricuspid and pulmonary valve ob- 
struction, 101 


Nicotine, cardiovascular effects of, in conscious dog, 947 
Nitroglycerin in coronary artery disease, 243, 831 
Noninvasive techniques 
for cardiac assistance, 656 
for study of left ventricular function in essential hyper- 
tension, 264 


Noninvasive techniques 
for systolic time interval measurement, and atrial con- 
traction, 287 


(see also specific type) 


‘Norepinephrine 


and video analysis of movement of heart cells in cul- 
ture, 162 

in congestive heart failure, 472 

in myocardial infarction, 919 


Oxygen consumption, muscular, in congestive heart fail- 
ure, 481 


Pacemaker 
artificial, and systolic time intervals, 287 
cardiac, and ventricular fibrillation threshold, 814 
temporary, after myocardial infarction, 913 
ventricular tracking, and teletransmitter follow-up sys- 


tem, 956 
Pacing 
atrial 
and amyl nitrite inhalation in coronary artery dis- 
ease, 772 
and anginal syndrome with normal coronary arterio- 
gram, 375 


and bundle branch block with intact atrioventricular 
conduction, 783 
and coronary blood flow in coronary artery disease, 
686 
and intraventricular conduction time during ante- 
grade conduction in complete heart block, 
27 
and left ventricular function, 291 
and myocardial function in angina pectoris and nor- 
mal coronary arteriogram, 257 
in dissimilar atrial rhythms, 618 
right, and left ventricular function, 291 
to convert tachycardia, 700 
cardiac, ischemia during, and impaired left ventricular 
relaxation, 751 
in bradycardia-tachycardia syndrome, 209 
permanent, for sinoatrial rhythm disturbances, 215 
sites, epicardial ventricular, and left ventricular func- 
tion in awake dogs, 291 
to convert atrial flutter, 700, 737 
transesophageal atrial, for tachycardias, 85 
Papillary muscles 
contraction, and videodensitometric studies of valve 
closure, 136 
myocardial oxygen consumption, and hypertrophy due 
to pressure overload, 427 
rupture causing mitral regurgitation, 313 
Parasympathetic nervous system in congestive heart fail- 
ure, 472 
Parenchymal disease, hypertensive action of propranolol 
in, 511 
Pathology of bundle branch block with intact atrioventric- 
ular conduction, 783 
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Pediatric cardiology 
atrial septal defect, secundum, spontaneous closure 
in, 978 
cerebrovascular accidents in cyanotic congenital heart 
disease, 329 
complication with use of flow-directed catheter in 3 
year old boy, 125 
dextrocardia, angiographic classification of, 965 
d-transposition of great vessels, echocardiogram in, 74 
diverticulum or aneurysm of left ventricle, 119 
double outlet right ventricle, surgery for, 850 
endocarditis, subacute bacterial, and false aneurysm 
of left ventricle, 110 
His bundle electrogram in children, 126 
homograft calcification after Rastelli procedure for 
transposition of great arteries, 860 
membranous right ventricular outflow obstruction, 
1000 
pulmonary artery originating anteriorly from left ventri- 
cle, 840, 874 
single ventricle and pulmonary stenosis, 855 
subpulmonic ventricular septal defect with aortic regur- 
gitation, 325 
videoscintiscope in study of atrial septal defect, 167 
(see also Congenital heart disease, Familial disease) 
Pericardial effusion and isolated chylopericardium, 352 
‘Pericardiectomy for uremic pericarditis, 846 
Pericardiocentesis for uremic pericarditis, 846 
Pericarditis, uremic, cardiac tamponade in, 846 
Phentolamine 
and dysrhythmias induced by autonomic nerve stimula- 
tion, 823 
in congestive cardiomyopathy, 341 
Phonocardiogram 
and left ventricular function in essential hypertension, 
264 
and mitral valve closure and first heart sound, 772 
in right-sided Austin Flint murmur, 370 
Phosphate release in myocardial ischemia, 295 
Photo-fet and videoanalysis of movement of heart cells in 


culture, 162 
Physical diagnosis, electronic techniques for teaching, 
335 


Platelet abnormalities in ischemic heart disease, 612 
Polycythemia and cerebrovascular accidents, 329 
Polymyxin B in pseudomonas endocarditis, 234 
Potassium 
and conduction depression in isolated canine bundle of 
His, 808 
loss, and antihypertensive action of propranolol in hy- 
pertension, 511 
release, and coronary Sinus lactate in myocardial isch- 
emia, 295 
serum, in renovascular hypertension, 562 
P-R interval 
and atrial contraction, 287 
and ventricular premature contractions, 794 
Practolol in congestive cardiomyopathy, 341 
Preexcitation, ventricular, and Wolff-Parkinson-White syn- 
drome, 32 
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Pregnancy 
propranolol therapy during, 247 
toxemia of, mechanism and therapeutic management, 
582 
Preload in idiopathic hypertrophic subaortic stenosis, 
719 
Pressor agents with dopamine for cardiogenic shock, 79 
Pressure 
overload, and myocardial oxygen consumption in cardi- 
ac hypertrophy, 427 
pulmonary, vs. left atrial, in mitral stenosis, 650 
(see also Blood pressure, Ventricle, left, pressure) 
Prevention, primary, of hypertension, 533 
Procainamide 
and dysrhythmias induced by autonomic nerve stimula- 
tion, 823 
and lidocaine after myocardial infarction, 937 
massive ingestion of, 727 


Propranolol 
and cardiovascular effects of nicotine in conscious 
dog, 947 
and dysrhythmias induced by autonomic nerve stimula- 
tion, 823 


and function of ischemic heart, 930 
antihypertensive action of, 511 
during pregnancy and lactation, 246 
in primary hypertension, 499 
renin suppressive effect of, in essential hypertension, 
554 
Prostaglandins 
and renovascular hypertension, 562 
in toxemia of pregnancy, 582 
Proteins, contractile, and myocardial contractility in isch- 
emia, 456 
Pseudomonas endocarditis, 234 
P-T, segment, neurogenic influence on, 799 
Pulmonary artery 
end-diastolic pressure in acute myocardial infarction, 8 
originating anteriorly from left ventricle, 840, 874 
rupture by balloon-tipped catheter, 865. 
Pulmonary embolism, acute, pulsus paradoxus and Kuss- 
maul's sign in, 271 
Pulmonary insufficiency and right-sided Austin Flint mur- 
mur, 370 
Pulmonic valve 
in d-transposition of great vessels, 74 
lesions in carcinoid heart disease, 229 
obstruction caused by myxoma of right ventricle, 101 
stenosis 
and single ventricle, surgical management of, 855 
and transposition of great arteries, 850, 860 
Pulsus paradoxus 
in acute pulmonary embolism, 271 
100 years later, 91 
Purkinje fibers, digitalis-induced longitudinal dissociation 


in, 202 
P wave 
absent, and sinus rhythm in rheumatic heart disease, 
93 


neurogenic influence on, 799 
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QRS 
axis, and ventricular premature systoles, 188 
complex, in Wolff-Parkinson-White syndrome, 32 
Q waves, rate-dependent right precordial, 196 


Radarkymography 
and left ventricular wall motion disorders, 151 
in assessing myocardial contractility, 156 
Radioimmunoassay of plasma aldosterone activity, 554 
Radionuclide angiocardiography, video instrumentation 
for, 167 
Rastelli procedure for transposition of great arteries, ho- 
mograft calicification after, 860 
Recovery period, temporal dispersion of, and ventricular 
fibrillation threshold, 814 
Reentry 
and inhomogeneous conduction in Purkinje fibers, 202 
and ventricular premature systoles, 188 
in isolated canine bundie of His, 808 
Refractory periods in bundle branch block with intact atrio- 
ventricular conduction, 783 
Renal artery 
disease, antihypertensive action of propranolol in, 511 
stenosis and renovascular hypertension, 562 
Renal vein renin activity 
in renovascular disease. 707 
in renovascular hypertension, 562 
Renin 
in severe hypertension, 575 
plasma : 
and adrenergic stimuli in essential hypertension, 643 
and surgically correctable hypertension, 562 
and spironolactone in essential hypertension, 511, 
523 
in diagnosis of renovascular hypertension, 707 
in essential hypertension, 637 
role of, in essential hypertension, 511 
Renin-angiotensin system 
in diabetes and hypertension, 592 
in renovascular hypertension, 562 
in toxemia of pregnancy, 582 
Renovascular disease and renal venous renin activity, 
707 
Reserpine in essential hypertension, 499 
Reviews in Cardiology, 129, 249, 386, 738, 882, 1015 
Rhythms 
atrial, dissimilar, 618 
gallop, in acute myocardial infarction, 8 
reciprocal, possible mechanism for, 808 
sinus, with absent P wave in rheumatic heart disease, 
93 
RNA polymerase in cardiac hypertrophy and cardiomyop- 
athy, 423 
Roentgen videodensitometry (see Videodensitometry) 
Roentgen videometry (see Videometry) 
Roentgenogram 
and videometric studies cf shape and size of left ven- 
tricle, 180 
biplane orthogonal, and videodensitometric studies of 
blood flow, 144 
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Sarcomere length in hypertrophied and failing heart, 398 
Sarcoplasmic reticulum 
and myocardial contractility, 456 
in heart failure, 407 
Scintigraphy and radionuclide angiocardiography, 167 
Septectomy for hypertrophic obstructive cardiomyopathy, 
377 
Shock, cardiogenic 
and myocardial infarct size, 461 
dopamine for, 79 
pharmacologic interventions in, 930 
sequenced externa! counterpulsation in, 656 
Shunt 
aortopulmonary. sequential, and surgical management 
of single ventricle and pulmonary stenosis, 
855 
Sick sinus syndrome, permanent pacing for, 215 
Sinus node depression in bradycardia-tachycardia syn- 
drome, 209 
Sodium 
balance and renin-aldosterone interaction in essential 
hypertension, 554 
intake and severe hypertension, 575 
potassium adenosine triphosphatase in cardiac isch- 
emia, 46 
Sphygmomanometer, mercury, and automated blood 
pressure measurement devices, 548 
Spironolactone 
and volume factor in low and normal renin essential 
hypertension, 523 
in low renin essential hypertension, 499 
in severe hypertension, 575 
Spring fever (Heart House—the antidote), 127 
Standards for quality care of hypertensive patients, 533 
Stokes-Adams disease and isoproterenol, 629 
Stress 
mental, and renin activity in essential hypertension, 643 
strain relation, and myocardial compliance, 449 
testing 
in coronary artery disease, 772 
with angiographic contrast medium in coronary ar- 
tery disease. 21 
(see also Exercise, testing) 
Stroke volume, biplane roentgen videometric system for 
study of, 180 
Stroke work 
and norepinephrine in myocardial infarction, 919 
in acute myocardial infarction, 8 
ST-T segment during sleep in ischemic heart disease, 17 
Surgery 
and angiographic classification of dextrocardia, 965 
annuloplasty, for mitral valve incompetence after myo- 
cardial infarction, 322 
aortocoronary artery saphenous vein bypass. 
and graft blood flow velocity, 895 
at community hospital level, 240 
facilities for, 224 
for alcohol-induced Prinzmetal's variant angina, 238 
for coronary arterial stenosis with angina pectoris 
caused by nonspecific arteritis, 356 
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Surgery 
aortocoronary artery saphenous vein bypass 
for coronary artery disease, 1010 
for exercise-induced ventricular arrhythmias, 995 
for impending myocardial infarction, 901 
for mitral valve incompetence after myocardial in- 
farction, 322 
for preinfarction angina, 382 
for ventricular tachycardia, 909 
coronary artery, for patient with impaired left ventricle, 
244 
for atrial myxoma, 361 
for carcinoid heart disease, 229 
for cardiac failure in infective endocarditis, 924 
for cyanotic congenital heart disease, 329 
for diverticulum or aneurysm of left ventricle, 119 
for double outlet right ventricle, 850 
for hypertension, 533 
renovascular, 562, 707 
for hypertrophic cardiomyopathy, 341 
obstructive, 377 
for isolated chylopericardium, 352 
for renal artery disease, 511 
for right ventricular myxoma causing pulmonary and 
tricuspid valve obstruction, 101 
for severe mitral regurgitation due to papillary muscle 
rupture or fibrosis, 313 
for single ventricle and pulmonary stenosis, 855 
for subpulmonic ventricular septal defect with aortic 
regurgitation, 325 
for transposition of great arteries, homograft calcifica- 
tion after, 860 
for tricuspid insufficiency, 723 
for unstable angina pectoris, 745 
for uremic pericarditis, 846 
for ventricular and supraventricular tachyarrhythmias in 
patients with postinfarction and traumatic 
& ventricular aneurysms, 693 
for ventricular tachycardia, 909 
open heart 
anemia and, 670 
dopamine for cardiogenic shock after, 79 
facilities for, 224 
tachycardia after, conversion by rapid atrial pacing, 
700 
valvuloplasty, for mitral valve incompetence after myo- 
cardial infarction, 322 
valvulotomy, experimental, Frangois-Franck on, 993 
ventricular septal defect after, 737 
Sympathetic nervous system 
and adrenergic stimuli in essential hypertension, 643 
in congestive heart failure, 437, 472, 481 
Sympatholytic agents in severe hypertension, 575 
Sympathoplegic agents in primary hypertension, 499 
Symposium on Congestive Heart Failure: Recent Ad- 
vances in Structure, Biochemistry, Physiol- 
ogy and Pharmacology, 395-496 
Abnormal biochemistry in myocardial failure, 407 
Alterations of cardiac sympathetic neurotransmitter ac- 
tivity in congestive heart failure, 472 
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Symposium on Congestive Heart Failure: Recent Ad- 


vances in Structure, Biochemistry, Physiol- 
ogy and Pharmacology 

Effects of ischemia on the contractile processes of 
heart muscle, 456 

Function of the hypoxic myocardium. Experimental and 
clinical aspects, 461 

Introduction, 395 

Myocardial oxygen consumption in experimental hyper- 
trophy and congestive heart failure due to 
pressure overload, 427 

Nature and significance of alterations in myocardial 
compliance, 449 

New developments and therapeutic applications of car- 
diac stimulating agents, 491 

Peripheral circulatory control mechanisms in conges- 
tive heart failure, 481 

Regulation of cardiac performance in clinical heart dis- 
ease. Interactions between contractile 
state mechanical abnormalities and ven- 
tricular compensatory mechanisms, 
437 

Ribonucleic acid (RNA) polymerase and adenyl cy- 
clase in cardiac hypertrophy and cardio- 
myopathy, 423 

Structural conditions in the hypertrophied and failing 
heart, 398 


Symposium on High Blood Pressure: Mechanisms and 


Management, 497-606 

Antihypertensive action of propranolol. Specific antire- 
nin responses in high and normal renin 
forms of essential, renal, renovascular and 
malignant hypertension, 511 

Correlation of pathophysiology and pharmacotherapy in 
primary hypertension, 499 

Diabetes and hypertensive vascular disease. Mecha- 
nisms and treatment, 592 

Evaluation of performance of selected devices for mea- 
suring blood pressure, 546 

Introduction, 497 

Management of severe hypertension, 575 

Plasma aldosterone-renin interrelationships in various 
forms of essential hypertension. Studies 
using a rapid assay of plasma aldosterone, 
554 

Renovascular hypertension. Mechanisms, natural his- 
tory and treatment, 562 

Standards for quality care of hypertensive patients in 
office and hospital practice, 533 

Toxemia of pregnancy; mechanism and therapeutic 
management, 582 

Volume factor in low and normal renin essential hyper- 
tension. Treatment with either spironolac- 
tone or chlorthalidone, 523 


Symposium on the Use of Video Technology in Cardio- 


vascular Research, 135-187 

Biplane roentgen videometric system for dynamic (60 
Sec) studies of the shape and size of cir- 
culatory structures, particularly the left 
ventricle, 180 
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Symposium on the Use of Video Technology in Cardio- 
vascular Research 
Experimental and early clinical evaluation of heart 
tracking (radarkymography) as a noninva- 
sive method for measuring myocardial 
contractility, 156 
Experimental studies on the mechanisms of closure of 
cardiac valves with use of roentgen video- 
densitometry, 136 
Introduction, 135 
Left ventricular wall motion disorders, functional left 
ventricular aneurysms. Their detection by 
radarkymography, 151 
Measurement of the rate and velocity of movement by 
single heart cells in culture, 162 
Use of a video system in the study of ventricular func- 
tion in man, 175 
Video instrumentation for radionuclide angiocardiogra- 
phy, 167 
Videodensitometric system for measurement of vessel 
blood flow, particularly in the coronary ar- 
teries, in man, 144 
Syncope in bradycardia-tachycardia syndrome, 209 
Systolic click and prolapsing mitral valve, 276 
Systolic ejection rate in essential hypertension, 264 
Systolic time intervals in patients with artificial cardiac 
pacemakers, 287 


Tachyarrhythmia 
aneurysmectomy for, in patients with postinfarction 
and traumatic ventricular aneurysms, 693 
atrial, and dissimilar atrial rhythms, 618 
Tachycardia 
and coronary blood flow distribution, 306 
atrial, converted by rapid atrial pacing, 700 
during exercise, in cardiomyopathy, 341 
transesophageal atria! pacing for, 85 
ventricular 
aneurysmectomy for, 693 
surgery for, 909 
Tachydysrhythmias induced by autonomic nerve stimula- 
tion, 823 
Takayasu's disease and coronary arterial stenosis with 
angina pectoris, 356 
Taussig-Bing anomaly and double outlet right ventricle, 
850 
Teletransmitter follow-up system for ventricular pacemak- 
ers, 956 
Television monitoring and videoanalysis of movement of 
heart cells in culture, 162 
Temperature, body, in congestive heart failure, 481 
Tension-time index and coronary blood flow in coronary 
artery disease, 686 
Tetralogy of Fallot 
and membranous right ventricular outflow obstruction, 
1000 
vs. double outlet right ventricle, 850 
Thromboembolism 
and Teflon-coated guide wires, 943 


Thromboembolism 
pulmonary, and pulmonary hypertension in mitral ste- 
nosis, 650 
Thrombus, coronary, in situ lysis of, 245 
Tilting, head-up, and renin activity in essential hyperten- 
sion, 643 
Tissue elasticity and myocardial compliance, 449 
Toxemia of pregnancy, mechanism and therapeutic man- 
agement, 582 
Transmembrane action potential 
and inhomogeneous conduction in Purkinje fibers, 
202 
in isolated canine bundle of His, 808 
Transplant, kidney, after pericardiectomy for uremic peri- 
carditis, 846 
Transposition of great arteries 
d-, echocardiogram in, 74 
definition of, 840, 874 
homograft calcification after Rastelli procedure for, 
860 
left ventricular pressure in, 881 
with pulmonic stenosis vs. double outlet right ventricle, 
850 
Trifascicular disease after myocardial infarction, 913 
Trauma 
causing tricuspid insufficiency, 723 
ventricular aneurysm caused by, aneurysmectomy for, 
693 
Tricuspid insufficiency 
traumatic, 723 
ultrasound in diagnosis of, 868 
Tricuspid valve 
anomalous, and membranous right ventricular outflow 
obstruction, 1000 
atresia, isolated, and Ebstein's malformation, 1004 
Ebstein's malformation of, with atresia, 1004 
lesions, in carcinoid heart disease, 229 
obstruction, caused by right ventricular myxoma, 101 
replacement, in traumatic tricuspid insufficiency, 723 
Trisomy 18 and polyvalvular mucopolysaccharidosis of 
the heart, 105 
Tropomyosin-troponin system in heart failure, 407 
Troponin and myocardial contractility, 456 
Tumor, carcinoid, and heart disease, 229 
Two-step exercise test, arrhythmias after, 766 


Ultrasound 
and video scanner-analog computer system, 961 
in d-transposition of great vessels, 74 
to diagnose tricuspid insufficiency, 868 
io measure phasic aortocoronary artery bypass graft 
blood flow velocity, 895 
Ultrastructure 
in cardiac hypertrophy and failure, 398 
in cardiac ischemia, 46 
of heart muscle, 407 
Urinary flow, diminished, and dopamine for cardiogenic 
shock, 79 
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Vagal stimulation 
and P-T, segment, 799 
in dissimilar atrial rhythms, 618 
Valve closure, videodensitometric studies of, 136 
Vasodilators 
and severe hypertension, 575 
in primary hypertension, 499 
Ventricle 
aneurysms, in vitro length-tension relations of, 889 
function 
after aortocoronary artery saphenous vein bypass 
surgery, 1010 
and conduction disturbances in coronary artery dis- 
ease, 758 
and norepinephrine in myocardial infarction, 919 
in heart disease, 437 
video system in study of, 175 
hypertrophy in congestive heart failure, 437 
left 
biplane roentgen videometric system for dynamic 
studies of shape and size of, 180 
compliance and stiffness in, 449 
diverticulum of, 119 
false aneurysm of, due to perforation of mitral-aortic 
intervalvular fibrosa, 110 
filling pressure in acute myocardial infarction, 8 
function 
and anginal syndrome with normal coronary arteri- 
ogram, 375 
and epicardial ventricular pacing, 291 
and mitral valve replacement for mitral regurgita- 
tion due to papillary muscle dysfunction, 
313 
and pharmacologic 
ischemia, 930 
during pacing in angina pectoris with normal coro- 
nary arteriogram, 257 
in cardiomyopathy, 341 
in coronary artery disease, stress testing with an- 
giographic contrast medium, 21 
in essential hypertension, 264 
hypertrophy, structural conditions in, 398 
impaired, coronary artery surgery for, 244 
in anterior and inferior myocardial infarction, 8 
in congestive heart failure, 461 
outflow tract gradient in hypertrophic cardiomyopa- 
thy, 341 
pressure 
and radarkymography, 156 
end-diastolic in hypertrophic obstructive cardiomy- 
opathy, 341, 377 
in transposition of great arteries, 881 
pulmonary artery originating anteriorly from, 840, 
874 
relaxation, during pacing-induced ischemia, 751 
systolic decompression of, in prolapsing mitral valve, 
276 
wall motion disorders, detected by radarkymogra- 
phy, 151 
myocardium, structure of, 877 


interventions in myocardial 
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Ventricle 
preload and afterload in congestive heart failure, 437 
right 
double outlet, surgery for, 850 
hypertrophy 
and heart failure due to pressure overload, 427 
structural conditions in, 398 
myxoma in, and tricuspid and pulmonary valve ob- 
struction, 101 
outflow obstruction, membranous, 1000 
septum 
hypertrophied 
and septectomy, 377 
in cardiomyopathy, 341 
single, and pulmonary stenosis, surgical management 


of, 855 
volume 
biplane roentgen videometric system for study of, 
180 


video system in study of, 175 
wall stress, in hypertrophy and failure, 398 
Ventricular activation and epicardial ventricular pacing, 
291 
Ventricular fibrillation 
chemical, with bretylium tosylate, 982 
sudden death from, in atherosclerotic swine, 62 
threshold, and electrical stimulation, 814 
Ventricular premature contractions 
after two-step exercise test, 766 
and atrioventricular conduction, 794 
Ventricular septal defect 
and membranous right ventricular outflow obstruction, 
1000 
and transposition of great arteries, homograft calcifica- 
tion after surgery for, 860 
membranous, with aortic insufficiency, 325 
postoperative, 737 
subpulmonic, with aortic insufficiency, 325 
Ventricular synchrony and epicardial ventricular pacing, 
291 
Ventricular vulnerability and ventricular fibrillation thresh- 
old, 814 
Ventriculogram and videometric studies of shape and 
size of left ventricle, 180 
Video 
analysis of velocity of movement of single heart cells 
in culture, 162 
instrumentation for radionuclide angiocardiography, 
167 
scanner-analog computer system for analysis of echo- 
cardiogram, 961 
system in study of ventricular function, 175 
techniques and radarkymography, 156 
technology 
in cardiovascular research (see Symposium on the 
Use of Video Technology in Cardiovascular 
Research) 
in cardiovascular teaching, 335 
Videodensitometry 
in study of valve closure, 136 
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Videodensitometry 
to measure blood flow, 144 
(see also Symposium on the Use of Video Technology 
in Cardiovascular Research) 
Videometric studies of shape and size of circulatory 
structures, 180 
Videoscintiscope in  radioisotopic angiocardiography, 
167 
Viscera, anatomy of, and angiographic classification of 
dextrocardia, 965 
Volume factor in low and normal renin essential hyper- 
tension, 523 : 


Wenckebach phenomenon 
and idiopathic hypertrophic subaortic stenosis, 719 


Wenckebach phenomenon 
and intraventricular conduction time, 27 
in bundle branch block with intact atrioventricular con- 
duction, 783 
in isolated canine bundle of His, 808 
in myotonic dystrophy, 114 
Wolff-Parkinson-White syndrome, electrocardiogram in, 
32 


'33Xenon in measurement of left anterior descending cor- 
onary arterial blood flow, 679 

X-irradiation and atherogenic diet and sudden death from 
cardiac arrhythmia in swine, 62 
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Processall gives you 
two keys to accurate diagnosis 
-in Cine Fluorography. 


st processing. 


In cine fluorography, you want fast results — but not at the price of fuzzy film detail. 
The Processall gives you fine grain yield, superior resolution for a sharp image and all the 
detail you need for an accurate diagnosis. With automatic processing and speeds up to 8 feet 
per minute, you get results fast. 

Daylight-operated and self-threading, Processall was designed for maximum reliability 
and ease of operation. No special training is needed to get professional results. 
Compact, portable Processall fits almost anywhere. 

A simple drive system and 316L stainless steel construction ensure complete reliability, 
long life, and minimum maintenance. Processall is designed for flawless high quality results. 
It includes a turbulent agitation processing technique, thermostatic control of solution 
temperature and an air impingement squeegee that removes moisture before the film or paper 
enters the turbulent heated air drying chamber. À positive drive, with a demand drive 
guarantees positive tracking. Electrocardiograph paper may also be processed. 

No wonder major medical centers and hospitals are now using Processall. 
For more information contact us, or your nearest Oscar Fisher dealer. 


OSCAR FISHER co. inc. 


Box 2305, Newburgh, N.Y. 12550 
Tel. (914) 562-3900 
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Rheumatic fever prevention. 

Here's true convenience for patients who 
must receive prophylactic penicillin indef- 
initely. A prolonged-action penicillin— 
benzathine penicillin G. Recommended as 
the method of choice* to prevent strepto- 
coccal infection and possible recurrence of 
rheumatic fever. A single monthly injection 
(1,200,000 units) offers continuous prophy- 
laxis in most patients. 


Action against strep. 

In therapy of mild to moderate group A strep- 
tococcal pharyngitis (without bacteremia), 
prolonged action again commends this 
penicillin, named by authorities a method of 
choice* Just one injection (600,000 to 
900,000 units in children and 1,200,000 units 
in adults) usually maintains serum concen- 
trations for the ten days considered 
necessary to eradicate the streptococci and 
preclude the initial onset of rheumatic fevert 


*Rheumatic Fever Committee of the Council on Rheumatic 
Fever and Congenital Heart Disease of the American Heart 
Association. 


Indications: In treatment of infections due to penicillin G-sensitive 
microorganisms susceptible to the low and very prolonged serum levels 
common to this dosage form. Therapy should be guided by bacterio- 
logical studies (including sensitivity tests) and clinical response. 

The following infections usually respond to adequate dosage of IM 
benzathine penicillin G. 
Streptococcal infections (Group A — without bacteremia). Mild to 
moderate upper respiratory infections (e.g., pharyngitis). 
Venereal infections —Syphilis, yaws, bejel, and pinta. 

Medical Conditions in which 
Benzathine Penicillin G Therapy 
is indicated as Prophylaxis: 
Rheumatic fever and/or chorea — 
Prophylaxis with benzathine penicillin 
G has proven effective in preventing 
recurrence of these conditions. 
It hasalso been used as followup 
prophylactic therapy for rheumatic 
heart disease and acute glomerulonephritis. 






u 


FOR DEEP INTRAMUSCULAR INJECTION ONLY. OF, 
Contraindications: Previous hypersensitivity reaction to any penicillin. 


Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported. Anaphylaxis is more frequent 
following parenteral therapy but has occurred with oral penicillins. 
These reactions are more apt to occur in individuals with history of 
sensitivity to multiple allergens. Severe hypersensitivity reactions with 
cephalosporins have been well documented in patients with history of 
penicillin hypersensitivity. Before penicillin therapy, carefully inquire 
into previous hypersensitivity to penicillins, cephalosporins and other 
allergens. If allergic reaction occurs, discontinue drug and treat with 
usual agents, e.g., pressor amines, antihistamines and corticosteroids. 


Precautions: Use cautiously in individuals with histories of significant 
allergies and/or asthma. 

Carefully avoid intravenous or intraarterial use or injection into or near 
major peripheral nerves or blood vessels, since such injection may 
produce neurovascular damage. 

tin streptococcal infections, therapy must be sufficient to eliminate 
the organism, otherwise the sequelae of streptococcal disease may 
occur. Take cultures following completion of treatment to determine 
whether streptococci have been eradicated. 

Prolonged use of antibiotics may promote overgrowth of non- 
susceptible organisms including fungi. Take appropriate measures if 
superinfection occurs. 


Adverse Reactions: Hypersensitivity reactions reported are skin 
eruptions (maculopapular to exfoliative dermatitis), urticaria and other 
serum sickness reactions, laryngeal edema and anaphylaxis. Fever and 
eosinophilia may frequently be only reaction observed. Hemolytic 
anemia, leucopenia, thrombocytopenia, neuropathy and nephropathy 
are infrequent and usually associated with high parenteral doses. 

As x other antisyphilitics, Jarisch-Herxheimer reaction has been 
reported. 


Composition: (units benzathine penicillin G as active ingredient): 
300,000 units per cc. — 10-cc. multi-dose vial. Each cc. also contains 
sodium citrate buffer, approximately 6 mg. lecithin, 3 mg. polyvinyl- 
pyrrolidone, 1 mg. carboxymethylcellulose, 0.5 mg. sorbitan mono- 
palmitate, 0.5 mg. Ly etd sorbitan monopalmitate, 0.14 mg 
propylparaben and 1.2 mg. methylparaben. 

600,000 units in 1-cc. TUBEX® (sterile cartridge-needle unit) Wyeth, 
AU of 10. 

1,200,000 units in 2-cc. TUBEX, packages of 10, and in 2-cc. single- 
dose disposable syringe. 

2,400,000 units in 4-cc. single-dose disposable syringe. 

Each TUBEX or disposable syringe also contains sodium citrate buffer 
and, as w/v, approximately 0.5% lecithin, 0.4% carboxymethylcellulose, 
0.4% polyvinylpyrrolidone, 0.01% propylparaben and 0.09% 
methylparaben. 
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prophylaxis 
gives freedom from 
daily dosage. 


The moment of decision in 
newly diagnosed diabetes: 


diet? 

sulfonylureas? 
biguanides? 
insulin? 
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The case for insulin testing 


The therapeutic options in 
diabetes — diet, sulfonylureas, 
biguanides, insulin — are more 
clearly defined when they are 
evaluated in relation tothe patient's 
insulin-producing capability. 
Monitoring insulin levels in response 
to a glucose load may reveal not 
only a deficiency in the rate of 
secretion but also a deficiency in 
the amount of hormone being 
secreted. Precise determinations of 
serum insulin values permit 
classification of the disease by 
insulin response — full, partial, or 
no response — and can be a valuable 
aid in choosing the kind of 
treatment required in each case. 

Insulin testing, when used in 
conjunction with blood glucose 
values, adds another dimension to 
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(Adapted from Felber, J. P.: Clinical Use 


of Radioimmunological Plasma Insulin Assessment. 


Klin. Wschr. 51: 63, 1973.) 


If you would like copies of a recent 
paper on the clinical useofinsulintesting, 


simply fill out and mail the coupon to: 


the oral glucose tolerance test. 
Further, measurement of insulin 
levels allows you to follow with 
greater physiologic precision the 
patient's response to treatment with 
diet and oral agents and to make 
therapeutic adjustments in line 
with laboratory findings. 

Radioimmunoassay is the 
most reliable technique currently 
available for measuring insulin 
levels. And PHARMACIA’s New 
Phadebas" Insulin Test is the first 
insulin test with a built-in second 
antibody...radioimmunoassay with 
insulin antibodies covalently 
coupled to Sephadex’ as the solid 
phase support. Because this new 
test is simpler, faster and more 
convenient, insulin testing is no 
longer restricted to special research 
laboratories. It is now feasible for 
any clinical laboratory — large or 
small—to do routine insulin testing 
on plasma or serum. 

New Phadebas Insulin Test 
is specific and sensitive, reliable 
and reproducible. 


Phadebas 


Insulin Test 
e) Pharmacia 


Pharmacia Laboratories Inc. 
800 Centennial Avenue 
Piscataway, New Jersey 08854 
Please send me 


Felber, J. P. 





Name (Please Print or Type) 


copies of: Clinical Use of 
Radioimmunological Plasma Insulin Assessment: 
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Street 
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precision quality control... 
«assured tablet content uniformity" 


predictable patient response... 
eproven biologic availability" 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
has developed. 

Precautions: lf the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
the digitalis group during the previous two weeks, the dose of Lanoxim brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response tc digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those: occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 596 dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI — 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immeciately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 596 dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN? digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5 mg. (green) scored, in bottles of 100 and 1,000. 


Lanoxin digoxin p meme 


Research Triangle Park 


*Complete literature available on request from Professional Services Dept. PML. Welicome / North Carolina 27709 
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rehabilitation professionals involved in the organization, 
development, and application of rehabilitation and physi- 
cal reconditioning programs for cardiac patients. The book 
covers the field thoroughly—including physical, medical, 
psychological, vocational, educational. and social aspects 
Its three sections 
discuss the epide- 

miology, physiology, @ À 
and biochemistry of 
cardiac disease; the 1 

psychology, phychi- ACADEMIC 
atry, and sociology 
of cardiac patients; 
and finally, cardiac 
rehabilitation. 7973, 
496 pp., $16.00 
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RIOPAN 


ANTACID SUSPENSION 


Lowest 
sodium 
content 
of the 8 
leading 
antacids” 


Pleasant, fresh 
mint-like taste 


Consistently 
effective 


RIOPAN 


Brand of 


magaldrate 


Also available in 
Chew and Swallow Tablets 


AYERST LABORATORIES 
|} New York, N.Y. 10017 


*Adapted from Penna, R. P.: Antacids, in Hand- 
book of Non-Prescription Drugs, Washington, 
D.C., American Pharm. Assn., 1971 Edition, p. 7. 
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® TMN V. Philips of Holland 


You opacify the 
coronary vessels wh 
still in the OR 


The Philips Diagnost OP is an x-ray sy: 
designed for the operating room—n 
adapted to it! 


Once you've completed a coronary 
procedure (such as a vein by-pass), t 





J 


Diagnost OP allows you to demonstrate 
contrast media injections by brilliant 
image-intensified fluoroscopy and 70 mm 
rapid sequence films. 


The OP parks far away from the surgical 
table when not in use, so you hardly 
know it’s around. When you need it, it 
moves just as conveniently into place— 
but without ceiling tracks or undraped 
cables to carry any dust to the sterile field. 


If ever there was a way to get excellent 
films of the coronary vessels during or 
immediately following surgery . . . this is it! 


Write for more information. 


PHILIPS MEDICAL SYSTEMS, INC. 


A NORTH AMERICAN PHILIPS COMPANY 


710 Bridgeport Avenue, Shelton, Conn. 06484 
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HP LEADERSHIP... IN PRACTICE 


Nonfade 


scope 
with a difference. 


A difference that lets you make beat-to-beat 
comparisons of ECGs, pressures, respiration or 
other variables . . . with complete ease and 
certainty . . . from one patient or several. 

Simultaneously. 

A difference that lets you store a patient’s 
ECG, pulse or pressure for consultation — 
without losing any real time data. 

A difference that gives you a graphic record 
of long term variations of any parameter such 
as temperature, or widely fluctuating blood 
pressure values in an unstable patient. 

It’s HP’s new multichannel oscilloscope. 

A different kind of scope that shows you several 

waveforms of physiologic data plus long term 

œ | trends — concurrently. With each display being 
© highly visible under any lighting condition. 

And by simply pushing a button you can 
transfer a particular ECG, pulse, pressure or 
trend to a fourth channel and visibly store it 

there for study. Or have it written out on an 
associated HP recorder. Most important, you 
never lose track of the current patient informa- 

tion which continues to be displayed uninter- 
rupted in its assigned channel. 

Two- and four-channel models meet the 
demand for clear and precise patient monitoring 
anywhere in the hospital. The new HP 78300 
Series Oscilloscopes. Clearly the most versatile 

scopes you can buy — certainly the easiest to 
read. The distinct differences make them better 
scopes for you. Ask for bulletin No. 3618. 
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HEWLETT n) PACKARD 


Sales and service from 172 offices in 65 countries. 
Waltham, Massachusetts 02154 
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COMPOSITION: Each 15 cc. (one table- 
spoonful) contains potassium chloride 1.5 
Gm., supplying 20 mEq. of elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 4%. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impeired renal : 
function, untreated Addiscn's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponding daily dose is 


(OOpern,,. Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q. Canada 
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Solution... 
Kay Ciel Elixir is 
otassium chloride... 
astes good too! 


"The drug of choice - 
. fororal replacement 
of potassium is — 

potassium chlorid 
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AMA Drug Evaluations 1971, First Edition, 
Chicago, American Medical Association, p. 121. 


often not known. Excessive or even thera- 
peutic dosages may result in potassium ~ 
intoxication. Patients should be frequently 
checked and periodic ECG and/or plasma 
potassium levels made. High plasma con- 
centrations of potassium ion may cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patients with cardiac 
disease. In hypokalemic States, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listiessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 

fall in blood pressure, cerdiac arrhythmias, 
and heart block. When hyperkalemia 


exists, it should be promptly treated with 
the discontinuance of potassium adminis- 
tration or other steps to lower serum levels 
if indicated, since sudden shift in plasma 
levels may induce potentially dangerous 
cardiac arrhythmias. 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoonful (15 cc.) diluted in one 
glass of water, twice daily after the 
morning and evening meal. Larger doses 
may be indicated according to the indi- 
vidual patient's requirements but should 
De administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. 


PW SUPPLIED: One pint and ane gallon 


